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Abstract. The formation of algorithms for leak detection is considered. It
is shown that the solution to the problem of specific leak detection may vary
depending on the type of hydraulic system and the technologies used.
Hydraulic fire extinguishing systems for buildings and structures are used in
the forest complex. It is shown that main pipelines with combustible
substances pass through the forest complex, leaks in which can cause fires,
explosions and environmental damage. Mathematical models and methods
for diagnosing leaks in hydraulic systems are considered, including
identifying the facts of leakage based on the use of mathematical models to
determine the location and size of such leaks. In this paper the research
focuses on the detection of leaks with unknown amplitudes based on the
verification of a two-alternative hypothesis for a hydraulic system, taking
into account interference from stochastic consumption. A single leak is
considered as a significant amplitude jump against the background of noise
arising in the hydraulic pipeline system due to the selection of the target
product by consumers. It is noted that the transition from the task of
verifying a two-alternative hypothesis to the task of verifying multi-
alternative hypotheses or pattern recognition provides a deeper and more
comprehensive analysis of leaks.

1 Introduction

Various hydraulic pipeline systems can be used or transited in the forest complex. For
example, hydraulic fire extinguishing systems are used in the forest complex, which
contribute to the rapid extinguishing of fires near populated areas. Leaks of various nature
may occur in transit pipeline systems of gas supply and in oil pipelines, which can cause
environmental pollution and be an environmental hazard. Sabotage actions can lead to the
partial destruction of such systems, cause explosions and fires in forests. Explosions and fires
can also occur in the event of a fire of the target product as a result of leaks. Such leaks not
only cause serious material damage to the forest complex, but can also lead to human
casualties.
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A mathematical model and a method for implementing the problem of leak detection in
hydraulic systems (HS) represent an important study to ensure the safety and reliability of
such systems. The mathematical model and leak detection methodology have the potential to
significantly improve the efficiency and accuracy of leak detection in HS, ensuring the safety
and stability of such systems.

When creating an information system for processing information about the state of a
control object, it is necessary to take into account not only specific criteria for its optimality,
but also to ensure sufficient accuracy and reliability of the information received [1]. The
process of data collection, processing and analysis should be optimized to ensure the efficient
operation of the management system.

Information systems used to manage facilities can be used in various fields such as
manufacturing, medicine, transportation, etc. They allow you to quickly receive information
about the state of objects, analyze them and make necessary management decisions [2, 3].

Therefore, the development of an information system is an important and integral part of
the management process, which allows to increase its efficiency and effectiveness [4, 5].

The choice of an information system category depends on which aspects of facility
management need to be monitored and what information is needed to make decisions. When
a leak is detected, the system must be able to detect the leak quickly and accurately and take
the necessary measures to prevent leakage [6, 7].

It is also important to take into account that the choice of an information system category
must be adapted to the specific conditions and requirements of the organization that will use
it. They must consider the structure and characteristics of the management object, possible
threats and risks, as well as available resources that will be used to create and maintain the
system [8].

The application of the two-alternative hypothesis assumes that in the conditions of a
conventional leak, it is not a prerequisite, but significantly simplifies the task without losing
the solution of common problems.

2 Leak detection algorithm

The task of combining unknown parameters, such as leakage amplitude and noise intensity,
is really more difficult and more important for practical implementation. In this case, it is
necessary to solve the problem of simultaneous estimation of two parameters, which requires
more complex methods and models.

Various statistical methods, such as the maximum likelihood method or the Bayesian
statistical method, can be used to solve common leak diagnosis problems. It is also important
to consider the possible relationship between the scattering amplitude and the noise intensity,
if such a relationship exists.

The method of solving complex problems requires a deeper analysis of data and a more
careful selection of models and evaluation methods. However, a successful solution to such
a problem can bring significant practical benefits in the diagnosis of leaks in the hydraulic
system.

The least squares method can be used to estimate the amplitude of a signal in such a
sample. To do this, select a model, for example, a linear model. Then the loss function is
minimized, defined as the sum of the squares of the deviation between the observed value
and the predicted value of the model.

The obtained estimates of the model parameters allow us to determine the amplitude of
the signal. It is important to remember that increasing the randomness of consumption
increases the error of the estimated parameters of the model. Therefore, to increase accuracy,
it is recommended to increase the number of observations in the sample.

Information about the leak will be formulated in the following form [1]
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To detect a signal in a noisy environment, the optimal method may be to compare the
corresponding threshold value of the probability ratio. To do this, calculate the ratio of the

probability of a possible signal to the probability of a non-existent signal.

The threshold value is set in such a way as to ensure the maximum balance between signal
detection and minimizing false alarms. If the probability ratio exceeds the set threshold value,

the signal is considered detected.

This method is optimal from the point of view of detection theory, since it provides the
most efficient use of observational information for signal detection and provides a well-

known signal and noise model.
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The algorithm reduces to a comparison at each n -th step of the observations of the ratio
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Fig. 1. Characteristics of a signal with unknown amplitude when detected in noise of unknown
intensity

With this method, leak detection will be obtained by comparing statistical indicators such
as pressure in the target product or other parameters measured in the system with a certain
threshold value.

Mathematical and statistical methods such as hypothesis testing, maximum likelihood
methods, Bayesian methods, etc. are used to model such a system. The problem of leak
detection must be implemented in conjunction with the tasks of current distribution analysis
and static assessment of the state of the HS.

As a result, based on the verification of a two-alternative hypothesis, a comprehensive
leak diagnostics model was developed in the HS, which effectively identifies leaks and takes
the necessary measures to eliminate them.

3 Conclusion

The development of a method based on the verification of a two-alternative hypothesis is a
common method in statistics and signal processing.

In the context of detecting leaks in the HS, the process may look like this. Two alternative
hypotheses are considered: Hy (null hypothesis) and H; (alternative hypothesis). In this case,
Ho may represent the absence of leaks, and H; may represent the presence of leaks.

Data related to HS parameters such as pressure, gas flow and other relevant variables are
collected. Based on the collected data, a statistical model is built, which may include the
probability distribution, expected values and variances of the parameters. A statistical
criterion is selected that allows you to compare data with null and alternative hypotheses.

The remote leak detection system requires regular monitoring and maintenance to ensure
reliable operation. The solution to the problem of specific leak detection may vary depending
on the type of HS and the technologies used.

The results of the research will contribute to improving the reliability and safety of HS
systems by providing more effective detection and control of leaks and other anomalies in
the operation of pipeline systems.
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