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Abstract

The aim of the work is to substantiate the approach to forecasting the time fund for work in
hybrid projects, taking into account the changing nature and climatic components of the design
environment based on the use of neural networks. The neural network architecture involves the
use of a multilayer perceptron, teacher training, and the method of backpropagation. It is based
on an algorithm that minimizes the prediction error by propagating error signals from the
network outputs (predicted duration of naturally allowed forecasting the working time fund) to
its inputs (values of the duration of naturally allowed forecasting the working time fund in
previous days), in the direction opposite to the direct propagation of signals. Based on the
prepared initial data, the training of an artificial neural network was performed, which ensured
the creation of an artificial neural network that is able to predict the duration of naturally
allowed time to perform work in a software environment written in Python. Studies based on
neural network training show that when the number of epochs increases to more than 25,000,
the error does not exceed 4.8%. To study the neural network, we used the statistical data of the
summer months of 2020 on the naturally allowed forecasting the working time fund during
certain days (Fig. 7), which are typical for the conditions of the Volodymyr-Volynskyi district
of the Volyn region. The obtained results indicate that the use of the proposed architecture of
the artificial neural network gives a fairly accurate forecast and this is the basis for making
quality management decisions on planning the content and timing of work in hybrid projects.
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1. Introduction

Forecasting the working time fund (FWP) is a very relevant management process in various types
of projects. The peculiarities of this process largely depend on the types of projects and the
characteristics of their project environment. Special attention should be paid to hybrid projects that arise
in the operational activities of enterprises and organizations [1, 2, 3, 4]. In agricultural production, there
are a number of such hybrid projects that have different life cycle lengths and a special subject
component. Among them, the greatest attention of scientists is focused on hybrid projects of crop
production, animal husbandry, and transport [5, 6, 7, 8], as the content and time of work in them largely
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depends on the natural allowable time for work during their life cycle and the scale and features of the
subject component of the project environment.

Regarding the naturally allowed FWP during the life cycle of hybrid projects, it is variable and is
determined by a number of factors of the natural-climatic component of the design environment
(precipitation, dew, moisture deficit, etc.) [9, 10, 11]. At the same time, a changing design environment
is very important for coordinating the content and time of work performed in hybrid projects. To take
into account the impact of the natural and climatic components of the design environment on the FWP
of hybrid projects, accurate tools should be used. Today, the use of neural networks to solve forecasting
problems in various applications is becoming more common. However, there are no publications on the
use of neural networks to solve FWP forecasting management problems in hybrid projects.

2. Analysis of published data and problem setting

Today, scientists in all fields of activity pay considerable attention to artificial neural networks to
perform forecasting processes [12, 13, 14, 15]. At the same time, the development of tools for
forecasting involves the implementation of processes of accumulation of information about the state of
the system, analysis, and identification of patterns and trends in the forecast indicators [16]. In hybrid
projects, based on FWP forecasting, the content and timing of these projects are planned. The FWP
forecast provides identification of patterns and trends in the duration of naturally allowed FWP
depending on the time of occurrence of a number of agrometeorological events (precipitation, dew,
humidity deficit, etc.) [17, 18]. To verify the accuracy of the forecast of naturally allowed FWP in
hybrid projects, it is advisable to use a retrospective method. This method involves the implementation
of the forecast from the previous similar years and the comparison of the results with actual data. In
most cases, the comparison of predicted and real data is performed on the quantitative value of the root
mean square error or the mean approximation error [19, 20]. If the obtained results of the comparison
satisfy the selected accuracy criterion, then this approach can be used to predict.

One of the methods that can be used to predict FWP in hybrid projects is time series prediction [21,
22]. This method provides a sequence of quantitative values of the process over time, which are
displayed as sequential moments of time, preferably at regular intervals. For our conditions, this is the
data of the deficit of humidity, which determines the feasibility of work in hybrid projects. Among the
methods of forecasting time series, which is mostly used in practice, is the method of autoregression. It
reflects the dependence of a given indicator on the set of factors that reflect the linear model:

J
Xp=k+ aj-X;_j+6, (1)
i=1
where k& — a constant that reflects the appearance of the model in the case when the influencing factors
are zero;
a; — coefficients of parameter dependence X; from the factors that characterize the state of the

specified parameter on the previous step of the regression;
0t — model error, which characterizes the difference between the calculated and known values of

the model for certain periods.
The autoregression method reflects the dependence of the parameter X; on its quantitative value in

the previous period of time (day, week, month, etc.). Therefore, the current value of the parameter
depends on its quantitative value in the previous period of time. The main advantage of this method is
the ability to obtain a quality model with an adequate forecast, which can be performed with minimal
time, provided the known initial data. At the same time, the disadvantages of this method include the
fact that accurately predict the known data is possible only for one period ahead. For each subsequent
period, it is necessary to take the results of the executed forecast that reduces the accuracy of
forecasting.

In most cases, the method of autoregression is used to predict the naturally allowed time for work
[23, 24]. However, this method makes it possible to obtain adequate forecast results in the absence of
events (precipitation, dew, etc.) that cause a change in the content of work in hybrid projects. The



presence of a number of variables in the design environment requires the use of other methods for
predicting FWP in hybrid projects.

To solve the problems of classification and forecasting in various applied areas use the method of
decision trees [25, 26]. If the dependent, i.e. the target variable, acquires discrete values, then the
method of the decision tree solves the problem of classification. In this case, provided that the indicator
that depends on many factors becomes continuous, the decision tree makes it possible to establish the
dependence of this indicator on independent indicators. The decision tree provides the representation
of individual rules in a given hierarchical and consistent structure. However, it provides the logical
decisions rather than the quantitative value required to predict FWP in hybrid projects, taking into
account the changing natural and climatic components of the design environment.

Today, more and more attention is being paid by scientists to artificial neural networks [27, 28, 29].
In particular, they can be used to predict FWP in hybrid projects. The main advantage of artificial neural
networks compared to other forecasting methods is that they provide FWP forecasting taking into
account many variables of the natural and climatic component of the design environment (precipitation,
dew, moisture deficit, etc.). At the same time, the function of the influence of the input characteristics
of the design environment on the initial result (the fund of naturally determined FWP in projects) can
be of any complexity (nonlinear, non-stationary, etc.) [30, 31, 32, 33, 34]. The advantage of artificial
neural networks is that they are nonlinear systems that provide the better classification of data compared
to other linear methods. In such systems, problems can be formulated with insufficient accuracy. At the
same time, it is artificial neural networks that have the ability to self-learn, which ensures that hidden
implicit knowledge (patterns, dependencies, etc.) is found in the given data.

The most important advantage of artificial neural networks is the lack of need for system
programming because the neural network is self-learning on the basis of a training sample of data,
which significantly distinguishes it from expert systems [15, 35]. The system on the basis of the
specified approach is capable to receive the predicted result which is based on the hidden laws. In
addition, artificial neural networks provide a change in the predicted indicator for changes in the
environment, which is very important for predicting FWP in hybrid projects, taking into account the
changing nature and climatic components of the project environment. At the same time, there are no
publications on FWP forecasting in hybrid projects using artificial neural networks.

All the above indicates the feasibility of substantiating the approach to FWP forecasting in hybrid
projects, taking into account the changing nature and climatic components of the design environment
based on the use of neural networks.

3. Goal and tasks of the research

The aim of the work is to substantiate the approach to forecasting the time fund for work in hybrid
projects, taking into account the changing nature and climatic components of the design environment
based on the use of neural networks.

To achieve this goal should solve the following tasks:

— substantiate the structure and architecture of the neural network to predict the natural allowable
time for work during the life cycle of hybrid projects;

— to carry out preparation of initial data, training of an artificial neural network, and estimation of
accuracy of the model of forecasting of naturally allowed time of performance of works during certain
days.

4. The structure and architecture of the neural network for predicting the
natural allowable time of work during the life cycle of hybrid projects

For planning hybrid projects, the main process is to predict the naturally allowed FWP over the life
cycle of these projects [36, 37, 38, 39]. The basis of such forecasting for hybrid crop projects is the lack
of humidity, which significantly affects the productivity of technical equipment, and hence the time of
the relevant work. This should be taken into account when planning FWP in hybrid crop projects. With
an increase in the deficit of humidity, there is a decrease in the humidity of the grain mass, which is the



basis for increasing the productivity of technical equipment. At the same time, reducing the deficit of
humidity provides an increase in the humidity of the grain mass and, accordingly, the value of the
productivity of technical equipment [9, 40].

An important property of artificial neural networks is that they are able to learn from the use of
known data. The database for training artificial neural networks is the statistical data of meteorological
stations [41]. In particular, to predict FWP during the life cycle of hybrid crop projects, air humidity
deficit data are used, which are recorded every 3 hours in the period from July 1 to August 15. Only
those data of humidity deficit that exceed values of more than 4 hPa are taken into account (Fig. 1).
This is due to the fact that the implementation of works in the projects of harvesting early crops is
possible only in such natural and climatic conditions. Failure to comply with this condition leads to a
significant increase in moisture of the grain stem, as well as to the loss of the crop. It is known [9] that
the transition time of the humidity deficit over 4 hPa mostly coincides with the time of appearance and
disappearance of dew.

In order to train the artificial neural network, an interactive process of adjusting synaptic weights
and thresholds is performed. The artificial neural network learns the relationships that are present in the
training data on each of the iterations of the learning process.
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Figure 1: Graphical interpretation of determining the natural allowable time of work during certain
days of the life cycle of hybrid projects

To build a system using neural networks, first of all, the choice of its architecture is performed. The
architecture of the neural network is selected experimentally on the basis of the technical task. An
artificial neural network of direct propagation was chosen for our proposed system (Fig. 2).
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Figure 2: Fully connected direct propagation neural network for FWP prediction during individual days
of the life cycle of hybrid projects: t4s, tas,..., tss — respectively, nature allowable time of work during
the first, second, and sixth days



The main task of the proposed neural network is to predict the naturally allowed FWP during certain
days of the life cycle of hybrid projects. At the input of the artificial neural network, the quantitative
value of the naturally allowed FWP during the previous days is given. The output is the predicted
quantitative value of the naturally allowed FWP for the next day. The architecture of the proposed
neural network is fully connected. In this case, the number of hidden layers should be selected
experimentally, taking into account the condition that the greater their number, the more accurate will
be the prediction of naturally allowed FWP in a single day. However, this increases the duration of
training of the artificial neural network. The predicted quantitative value of the naturally allowed FWP
for the next day is compared with the real one. It is recorded in the database, after which the proposed
system undergoes the next iteration of training with a shift by days (Fig. 3).
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Figure 3: Graphical interpretation of the shift of values of naturally allowed FWP during certain days
of the life cycle of hybrid projects

The solution of the FWP prediction problem in hybrid projects is carried out using two
measurements during neural network training - space and time. Thus the space-time approach to training
a neural network gives the chance to adapt the behaviour to the time structure of events in space.
Provided that the artificial neural network reflects a system with a stationary environment, it can be
taught the statistical characteristics of the design environment with the help of a teacher. In this case, to
obtain and use the experience gained from previous periods, the system should provide for the use of a
certain form of memory.

Given the fact that in hybrid projects there is a changing natural and climatic component of the
design environment, which is non-stationary, the statistical characteristics of the input signals (duration
of naturally allowed FWP) change over time. Therefore, for such a system, teaching methods with a
teacher cannot be used, as an artificial neural network will not detect changes in the changing design
environment. All the above gives grounds to claim that a given system should provide for the adaptation
of network parameters to the variable durations of naturally allowed FWP in reality. The learning
process of the artificial neural network in the presented adaptive system is not completed until the data
for processing, ie it characterizes the continuous learning (Fig. 4).

One of the essential components of building a neural network for FWP prediction is data
normalization. This is done before training and significantly speeds up the learning process of the
specified neural network. To normalize the data use the method of minimax within [0, 1], which
provides the best results for agricultural production [25]:

td./ _ tdl _tdmin , (2)
U max " dmin

where ¢ ;. —normalized value of FWP during a single day, hours;

di
tyi current FWP value for a single day, hours;

t, .t —respectively, the minimum and maximum value of FWP in a given sample, hours.
dmin’ dmax
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Figure 4: The enlarged neural network learning algorithm for predicting naturally-allowed FWP in
hybrid projects

The results of determining the normalized values of naturally-allowed FWP during a single day are
given in the table 1.

Table 1
The results of determining the normalized values of naturally allowed FWP during a particular day
i Duration of natural-
Number of the day of I-!our of the.d.ay n . . . Normalized duration
the study beriod which the deficit of air ~ permitted FWP, 7y4;, value of FWP

yp humidity D> 4 hPa hours
1 8,0 15,6 0,650
2 7,7 15,8 0,658
3 7,6 16,1 0,671
4 9,0 6,2 0,258
> 8,7 7,8 0,325

Given that the proposed system has quantitative normalized values of naturally allowed FWP during
a single day in the range from 0 to 1, we have chosen a sigmoidal function to activate neural networks

(Fig. 5):
L 1
¢(tdi )_ 1+exp(—a-tdl.) ' )

where o — tilt parameter.

After that, a dictionary is formed with data that provides for the storage of neuron weight. In this
case, simultaneously with the weights of the neurons, the value of the number of the hidden layer is
fixed and stored, as well as the assigned number of the neuron index. This will make it much easier to
read data from the dictionary without searching the required data in the arrays, which will speed up the
process of accessing the database.
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Figure 5: Classical sigmoidal function for neural network activation

The proposed structure of the neuron is such that will provide a single static input, which will be 1,
and reflect the threshold value of the neuron (Fig. 6).

It is suggested that the weight of the neuron (ww;) be stored in RAM during the training of the
artificial neural network. This will increase the speed and reduce the duration of the learning process.
The obtained weights of neurons (wy;) are recorded in a database, which allows them to be used as
needed. The proposed neural network learning algorithm allows predicting FWP with a given accuracy.
In this case, the number of individual hidden layers of the proposed neural network affects the accuracy
of the FWP prediction. At the same time, as the number of hidden layers increases, the duration of
training of an artificial neural network will increase. The rational number of hidden layers of the
artificial neural network should be selected experimentally, depending on the need for accurate
forecasting.
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Figure 6: The proposed neuron model for predicting FWP hybrid projects

The proposed neural network architecture involves the use of a multilayer perceptron, which makes
it possible to solve the problem of predicting naturally allowed FWP in hybrid projects. At the same
time, training with a teacher is envisaged, as we have available statistics from previous periods on the
change in the humidity deficit, which determines the start time and duration of the naturally allowed
FWP. Based on the comparative analysis of machine learning methods with the teacher, we chose the



method of inverse error propagation. It is based on an algorithm that minimizes the forecast error by
propagating error signals from the network outputs (estimated duration of natural allowable time for
work) to its inputs (values of the duration of natural allowable time for work in previous days), in the
direction that is the inverse of direct signal propagation.

5. The results of preparation of initial data, training of the artificial neural
network, and evaluation of the accuracy of the model for predicting the
natural allowable time of work during certain days

In order to solve the scientific-applied problem of predicting naturally allowed FWP during certain
days of the life cycle of hybrid projects, software in Python language has been developed, which is
based on the proposed neural network architecture. Given the need for short-term FWP forecasting, it
is proposed to use a direct error propagation network with five inputs that reflect the values of FWP
duration in previous days. The weights of network neurons are stored in the MS SQL database.

To predict FWP, based on the experiments, the rational structure of the neural network was
determined: 5 inputs, which will be the value of the duration of natural time allowed to perform work
in 5 previous days, and 2 hidden layers with 5 neurons. To train the neural network, statistical data of
the summer months of 2020 on the natural allowable time of work during certain days (Fig. 7), which
are typical for the conditions of the Volodymyr-Volynskyi district of the Volyn region, were used.

On the basis of the received data, the histogram of change of FWP duration which underlies training
of a neural network is constructed. On certain days, where the duration of the naturally permitted FWP
was f; <12hours , precipitation was observed.

Studies conducted based on neural network training show that when the number of epochs increases
to more than 25,000, the prediction error does not exceed 4.8%. On the basis of the performed research
of the adjusted artificial neural network, the tendencies of change of the naturally allowed FWP during
certain days of a life cycle of hybrid projects (real and forecasted value) for conditions of the
Volodymyr-Volynskyi area of the Volyn area are established (Fig. 7).
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Figure 7: The results of forecasting trends in the change of naturally allowed FWP during certain days
of the life cycle of hybrid projects

The presented trends of change of naturally allowed FWP in hybrid projects (real and predicted
values) show that the use of the proposed artificial neural network architecture gives a fairly accurate



forecast and this is the basis for making quality management decisions on planning the content and
timing of work in hybrid projects.

6. Conclusions

1. Substantiated structure of the neural network for predicting natural-allowed FWP during the life
cycle of hybrid projects provides 5 inputs that display the value of the duration of natural-allowed time
to perform work in the previous 5 days, and 2 hidden layers with 5 neurons. The neural network
architecture involves the use of a multilayer perceptron, teacher training, and the method of
backpropagation. It is based on an algorithm that minimizes the prediction error by propagating error
signals from the network outputs (predicted duration of naturally allowed FWP) to its inputs (values of
the duration of naturally allowed FWP in previous days), in the direction opposite to the direct
propagation of signals.

2. Based on the prepared initial data, the training of an artificial neural network was performed,
which ensured the creation of an artificial neural network that is able to predict the duration of naturally
allowed time to perform work in a software environment written in Python. Studies based on neural
network training show that when the number of epochs increases to more than 25,000, the error does
not exceed 4.8%. To study the neural network, we used the statistical data of the summer months of
2020 on the naturally allowed FWP during certain days (Fig. 7), which are typical for the conditions of
the Volodymyr-Volynskyi district of the Volyn region. The obtained results indicate that the use of the
proposed architecture of the artificial neural network gives a fairly accurate forecast and this is the basis
for making quality management decisions on planning the content and timing of work in hybrid projects.
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