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Original article
INTELLECTUAL TECHNOLOGY OF FUNCTIONAL SPECTRAL-DYNAMIC
DIAGNOSTICS IN DAIRY CATTLE FARMING

Vladimir N. Rostovtsev’, Konstantin O. Lukyanov?, Tatyana A. Khoroshailo®*, Sergey S. Levchenko*
L25pectral Dynamic Systems Limited Liability Company,

Moscow, Russia®*#Kuban State Agrarian University, Krasnodar,

Russia “2vnrost@rambler.ru

34tatyana_zabai@mail.ru™

Abstract. The work assessed the efficiency of the innovative KOROVSKI monitoring system based on
the advanced methodof functional spectral-dynamic diagnostics (FSD diagnostics). The KOROVSKI system
ensured automatic data collection and processing, providing the veterinarian with an objective picture of the
animal's condition, which significantly accelerated the diagnosticprocess and allowed for prompt decision-
making. The results of the comparative analysis showed a high degree of correspondence between the
diagnoses made by the KOROVSKI system and the results of laboratory methods. The match with CMT was
75.1%, withDCC - 75.0%. In cases of clinical mastitis (when the symptoms of the disease were pronounced),
the match reached 82.1%. The weighted average match rate for all three methods was 77.1%, which indicates
the high accuracy and reliability of the KOROVSKI system.

Keywords: spectral-dynamic systems, diagnostics, mastitis, efficiency

For citation: Rostovtsev V.N., Lukyanov K.O., Khoroshailo T.A., Levchenko S.S. Intellectual
technology of functional spectral-dynamic diagnostics in dairy cattle breeding. Bulletin of Michurinsk State
Agrarian University, 2025, no. 3(82), pp. 59-63.

Introduction. One of the most serious problems in dairy herds is a range of diseases relevant to cattle,
affecting between 10% and 70% of cows (the most significant of which is mastitis). This, in turn, impacts the
animals’ health, the duration and total number of lactation cycles, the quality and volume of production, and
consequently, the overall economic performance of dairy enterprises [5, 7].

The main challenges of dairy production can be identified as follows: increasing morbidity in the
herd (including mastitis); reduced milk productivity in cows that have suffered from mastitis; a decline in
milk yield per lactation ranging from 3% to 25%, depending on the animals’ age and the duration of the
disease; reduction of herd size and premature culling of high-value animals; deterioration in the quality of
raw milk and its compliance with international standards and the Interstate Standards of the Russian
Federation (GOST); deterioration in the quality of dairy products (butter, cheese, sour cream, kefir) and their
non-compliance with international standards and the Interstate Standards of the Russian Federation (Interstate
Standard GOST 31450-2013) [2]; high costs of detecting diseases in subclinical form using traditional
diagnostic methods; high costs of treating animals with diseases in clinical stages; high morbidity and
mortality of calves; reduced fertility during udder disease (disruption of the reproductive cycle); lack of timely
separation of diseased animals from healthy ones and delayed initiation of preventive treatment [1, 4].

The aim of the research was to evaluate the effectiveness of applying the method of functional
spectral-dynamic diagnostics for detecting mastitis in cattle during the operational use of the KOROVSKI
livestock vital signs monitoring system.

Materials and Methods. To address these problems, the KOROVSKI system was developed. The
novelty of the KOROVSKI system lies in the use of functional spectral-dynamic diagnostics (hereinafter
referred to as FSD diagnostics), which is designed to detect risks, latent forms, and early stages of diseases
in order to enable primary prevention and early treatment. During FSD diagnostics, subclinical mastitis is
identified, including at the latent stage of its development.

The system provides early diagnosis and monitoring of diseases (subclinical/clinical mastitis) in cows
in order to reduce morbidity and improve survival, as well as to decrease costs associated with treatment and
lost economic benefits for farms. The system consists of sensors mounted on cow collars (an Internet of Things
[10T] device), the KOROVSKI software for processing the collected data, analyzing and visualizing diagnostic
and monitoring results, and a user interface for veterinary specialists, as well as administrative and technical

personnel.
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Advantages of the FSD diagnostics method include simplicity and non-invasiveness of the
examination procedure; short recording time of the wave signal (7 seconds); high informativeness of the data
obtained about the cow’s health condition; mobility and portability.

The preventive FSD diagnostics system for cattle diseases is based on the technology of periodically
obtaining spectral data on the animal’s condition through specialized sensors that record phase spectra by
direct contact using electrodes within a defined frequency range, discretize them, and transmit them in digital
form to the recording processing system for diagnosis based on algorithmic analysis [3, 6].

After the recorded signal is received by the processing system, it is prepared for subsequent analysis,
in particular by segmenting it into data buffers of a specified size with reverse offset and forming them into
resulting clusters for the process of determining similarity levels with groups of reference disease markers.
Similarity levels are determined algorithmically by comparing the results of wavelet transforms of the phase
spectra of the cluster elements and calculating the root-mean-square deviations from the reference markers
of the disease groups. Once similarity levels have been obtained for each element of the cluster, algorithmic
transformations are performed to obtain a risk assessment of the analyzed disease. Then, by isolating the main
cluster with the greatest number of assessments having the smallest deviations relative to one another, the
overall risk assessment for the main cluster is calculated. These data are used for diagnosis by comparing
them with the results of previous days of monitoring, identifying trends in dynamics and patterns
corresponding to the rules and exceptions embedded in the diagnostic algorithm.

The key and most complex element in building the FSD diagnostics system for mastitis is the
identification, analysis, and formation of a database of reference markers, as well as the determination of
marker effectiveness within a group through the assessment of their informativeness.

To address the task of forming reference markers with the best performance and stability within a
group of disease markers, a multi-stage iterative procedure was applied to optimize the composition of the
marker group based on informativeness indicators.

The operating algorithm of the KOROVSKI livestock vital signs monitoring system is as follows:

1. The wireless autonomous KOROVSKI sensor (hereinafter referred to as the sensor) is mounted
on a cow’s collar and, using a built-in electrode, records a wave signal from the surface of its body within the
frequency range from 20 Hz to 11 kHz, according to a pre-established (programmed) schedule;

2. The sensor then transmits the recorded data packets via Wi-Fi to the KOROVSKI cloud server for
decoding and automatic status determination (diagnosis) using software algorithms that compare the signal
pattern with the reference database;

3. After this, the results of signal decoding, linked to the sensor and the animal’s ID (collar number),
are displayed in the user’s software interface in their personal account on the KOROVSKI portal. The status
system provides for three possible states of the cow: healthy, at risk of disease (mastitis), and presence of
disease (mastitis);

4, Based on the status, the user independently takes measures aimed at the prevention and/or
treatment of the cow.

A feature of the system, despite the short interval of 7 seconds, is the recording of a sequence of
several packets, which helps avoid significant deviations in the “purity” of the recorded signal and,
accordingly, ensures accurate diagnosis.

The risk of disease development is assessed for a specific nosology according to the disease-specific
risk scale (Table 1). The risk scale does not include the healthy condition. Two risk groups and one clinical
mastitis group are distinguished. The first group is characterized by a current risk level, which indicates a
high probability of disease manifestation. The second group is characterized by the presence of a latent
pathological process and, consequently, a very high probability of disease manifestation. The clinical mastitis
group is characterized by an actualized risk and clear signs of disease manifestation.

Table 1
Disease-Specific Risk Scale
Risk/Mastitis Risk Disease Development Phase Probability of Manifestation
Group Percentage
1 60-65% Current risk High
2 over 65% Latent process Very high
3 over 65% | Manifest process (clinical mastitis) Signs of disease manifestation
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Individuals in the high-risk zone (Group 1) include both those not yet affected and those with latent
mastitis without clinical symptoms. This group also includes individuals without laboratory manifestations
of a pathological process as well as those already showing such manifestations, typically due to laboratory
error. The high-risk zone generally constitutes about one-tenth of the range of variation in risk values. The
entire actual range of observed risk variation is from 40% to 90%, while the high-risk zone itself lies
between 60% and 65%. In monitoring and diagnosis, not only the absolute risk values are taken into
account but also the dynamics of their variation.

Individuals in the very high-risk zone (Groups 2 and 3) include those with latent subclinical
mastitis and, in part, with clinical mastitis, that is, with a manifest process.

Thus, the following actually observed risk values correspond to the conditions of health, current
risk, and latent (subclinical) process: health — from 40% to 60%; current risk — over 60% and less than
65%; latent mastitis — from 65% to 90%.

In the period from December 8, 2023 to December 29, 2023, a comparison was carried out between
laboratory diagnostics data and FSD diagnostics under the conditions of general debugging of the FSD
mastitis monitoring system in cows, including sensor debugging.

For the implementation of the current stage of work, the following tasks were defined:

1. Scanning groups of selected cows (with elevated somatic cell count [SCC] and without it) using the

KOROVSKI system;

2. Analyzing farm milk monitoring data, identifying and selecting cows by lactation and somatic
cell count (SCC) in milk, and subsequently dividing them into three groups (in accordance with the
Complete List of Interstate Standards [GOST] defining the quality of raw milk):

- Group 1 - animals without suspected subclinical mastitis (somatic cell count not exceeding
200,000 cells/ml).

- Group 2 —animals with possible subclinical mastitis (from 250,000 to 400,000 cells/ml).

- Group 3 —animals with an increased probability of subclinical mastitis (over 400,000 cells/ml).

3. Collecting milk samples from the selected cows and performing the California Mastitis Test
(CMT) on the collected samples;

4, Collecting milk samples from the selected cows and analyzing them using the DeLaval
(Sweden) somatic cell counter (DCC);

5. Comparative assessment of FSD diagnostics results with the data obtained from the California
Mastitis Test (CMT) and from the DeLaval (Sweden) electronic somatic cell counter;

6. Adapting the software (using the resources of Spectral-Dynamic Systems LLC) for mastitis
diagnostics based on the newly obtained data;

7. Updating the software (using the resources of Spectral-Dynamic Systems LLC) based on the
results of data comparison.

Figure 1 shows the appearance of the KOROVSKI sensor, which is attached to the animal’s neck, as
illustrated in Figure 2.

Figure 1. Appearance of the KOROVSKI sensor
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Figure 2. Placement of the KOROVSKI sensor on a cow’s neck

Research Results and Discussion. During FSD diagnostics and monitoring, milk samples were
collected for laboratory diagnostics.

KOROVSKI System — California Mastitis Test (CMT)

The collected milk samples were tested using the CMT (California Mastitis Test). Into the test cup, 1
ml of milk and 1.5 ml of CMT (PL) mastitis test reagent were added. After gently swirling the cup, the result
was read after 15 seconds. The result was evaluated as negative if no changes in consistency were observed,
or as a reaction of grade 1, 2, or 3, depending on the intensity of clot formation. Grade 1 indicates a possible
increase in SCC, while grades 2 and 3 indicate a reliable increase in SCC.

KOROVSKI System — DelLaval Somatic Cell Counter (DCC), Sweden

The collected milk samples were tested using the DeLaval somatic cell counter (DCC), Sweden, in
accordance with the manufacturer’s operating instructions. The DCC device is a portable optical somatic cell
counter for raw milk.

In total, the complete sample amounted to 218 diagnostic cases (DC), with 36 cows excluded from
the analysis due to incomplete health information at the time of the study. Thus, the final total sample
consisted of 182 animals.

The results of data analysis across four samples showed the following:

A comparative assessment of FSD diagnostics results in the first sample with the data obtained
from the California Mastitis Test (kenotest) showed that diagnostic matches amounted to 75.1% (n = 182).
A comparative assessment of FSD diagnostics results in the second sample with the data obtained from the
DeLaval test showed that diagnostic matches amounted to 75.0% (n = 36). For the third sample of animals
diagnosed with clinical mastitis according to the DelLaval test, the proportion of matches with the FSD
diagnosis was 82.1% (n = 39). The experience of the conducted data analysis allows for the preliminary
conclusion that the DelLaval test is more reliable compared to the kenotest, as it produces a greater number
of matches with the FSD diagnostics results, especially in sick cows. For the fourth sample of animals
diagnosed with subclinical mastitis according to the DelLaval test, the proportion of matches with the FSD
diagnosis was 77.8% (n = 9).

The weighted average proportion of diagnostic matches across the four samples was 77.1% (n =
263). At the same time, the observed discrepancies were mostly related to the kenotest rather than the
DelLaval test, which indicates that the inaccuracies of the kenotest are a significant reason for the reduced
proportion of matches. In other words, if the inaccuracies of the kenotest were lower, the level of matches
would have been higher.
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Conclusion. The results of the first stage of the research project “Evaluation of the effectiveness of
applying the method of functional spectral-dynamic diagnostics for detecting mastitis in cattle during the
operational use of the KOROVSKI livestock vital signs monitoring system” allow us to draw the following
conclusions:

1. The diagnostic match obtained at this stage (from October 3, 2023 to December 31, 2023) based on
point-by-point comparisons of laboratory diagnostics and FSD diagnostics (77.1% on a sample of 263 DC)
should be considered sufficiently high within the framework of a production study.

2. Regardless of point-by-point comparisons, the monitoring mode allows the veterinarian to predict the
dynamics of the animal’s condition and make timely decisions regarding prevention or treatment.

3. The positive qualities of FSD diagnostics, including monitoring mode, the ability to predict
dynamics, sufficiently high correspondence with laboratory diagnostics results, and the great potential for further
development of this technology, make it undoubtedly relevant for industrial use aimed at reducing animal
morbidity.
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