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Abstract

Introduction. In the first part of the study, the relevance of improving the methods of rumen acidosis diagnostics in cows
based on the intelligent systems was substantiated and the use of fuzzy set theory as a tool for such systems was proposed.
The structure of the hierarchical-type intelligent system was developed, and formalization of the problem was completed.
In the second part of the study, computer implementation of the fuzzy-logic-based intelligent system for diagnosing aci-
dosis was completed using Xcos tool of Scilab software, and a computer application was developed in the Scilab+Scinotes
environment as its practical implementation.

Materials and Methods. The study was conducted at Ural State Agrarian University and Northern Trans-Ural State Ag-
ricultural University from 2022 to 2025. The intelligent system techniques, fuzzy set theory and fuzzy logic methods,
and Mamdani fuzzy inference system were used to conduct the study. A computer model for rumen pathology assessment
was created based on the generalized smart system by means of Xcos tool of Scilab software. Computer implementation
of the intelligent system was completed in the Scilab+Scinotes environment.

Results. For solving a problem of hierarchical-type intelligent system, the production rule bases, which included various
combinations of diagnostic parameters and respective degrees of rumen acidosis pathology, were developed. Synthesis
of fuzzy systems was performed using SciFLT tool of Scilab software. A generalized model of an intelligent system for
diagnosing rumen acidosis in cows was developed using Xcos tool of Scilab software. Computer implementation of the
intelligent diagnostic system was completed in Scilab software with embedded Scinotes text editor.

Discussion and Conclusion. The model of an intelligent system proposed by the authors is innovative and can be recom-
mended for practical implementation into the expert advisory systems, for automation of veterinary workstations, and for
using in modern veterinary telemedicine technologies.
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AHHOTAIIMA

Beseoenue. B niepBoii yacTu paboThl 000CHOBaHa aKTyalbHOCTh COBEPLICHCTBOBAHUS METOAOB TUarHOCTUPOBAHUS ALlH-
J103a pyOna y KopoB Ha 0a3e MHTEIUIEKTYaIbHBIX CHUCTEM M IPEIUIOKEHO HCIOJIb30BaTh B KaUeCTBE MHCTPYMEHTApUs
TaKOW CHCTEMbI TEOPHIO HEUYETKUX MHOXKECTB. bblia pa3paboTaHa cTpyKTypa HHTEIJIEKTyaIbHONW CHCTEMbI HepapXuye-
CKOTO THIIA ¥ BBITIOTHEHA (hopManm3anus 3a1ad. Ha BTopom 3Tarme uccinenoBaHuil BEINOJTHEHA KOMIIBIOTEPHAs peann3a-
ISl HHTEJUICKTYaJIbHOM HEUETKOH CHCTEMBI Ha HEUETKON JIOTUKE ANAarHOCTHPOBAHNUS alliA03a B cpesie XCOS MPUIIOKCHUS
Scilab, a st mpakTHUeckoro MpuMeHeHHs — pa3paboTaHa KOMIbIOTEpHAs mporpamma B cpeae Scilab+Scinotes.
Mamepuansl u memoodst. ViccnenoBanue IpoBeAEHO B YpallbCKOM FOCYAapCTBEHHOM arpapHoM yHuBepcutere u ['ocy-
JIapCTBEHHOM arpapHoM yHuBepcurere CeBepHoro 3aypanbs B nepuos ¢ 2022 no 2025 rr. Mcnonb30BaHbl METOIBI UH-
TEJUIEKTYAIbHBIX CUCTEM, TEOPUH HEYETKUX MHOYKECTB, HEUETKOMN JIOTUKH, HEYETKUH BBHIBOJ| BBHITIOJIHEH MeTOI0M Mawm-
nanu. [IporpaMMHast peanu3ausi MOENHN OLIEHKH ITaTOJIOTHUH pyO1ia B 0000IIEHHOH HHTEIUIEKTYlIbHOM CHCTEME BBINOJ-
HeHa cpeacTBamu XC0S npuioxkernus: Scilab. KomneroTepHas peanuzalius MHTEIICKTYaIbHONH CHCTEMBbI BBITIOIHEHA B
cpene Scilab+Scinotes.

Pesynomamot uccredosanus. Coznansl 0a3pl MPOAYKIMOHHBIX IPABUII IS 3a71a4 HHTEIUICKTYalIbHOM CHCTEMBI Hepap-
XWYECKOTO TUIIA, BKIIFOYAIOIINE PA3IMYHbIC COUETAHMUS AUATHOCTHIECKUX ITAPAMETPOB M COOTBETCTBYIOIINE MM CTEIICHU
MATOJIOTHH aruno3a pyoma. [IpoBenen cuaTe3 HeueTkuX cucteM B cpene SciFLT npunoxxenus Scilab. Pazpadorana 06006-
IIEHHAsl MOJICNIb MHTEIJICKTYa IbHONW CHCTEMBI JUAarHOCTHPOBAHMS alu03a pyOiia y KOpoB B cpesie Xcos MPUIIOKCHUS
Scilab. BemmonHeHa KOMIIbIOTEpHAS peau3alis HHTEIUICKTYaIbHOW CHCTEMbI IHArHOCTHPOBaHUS B porpammax Scilab
u Scinotes.

Oocyacoenue u 3axouenue. lpeanoxeHHas aBTopaMu MOJICTb MHTEUICKTYaJ bHOW CHCTEMBI 00JaaeT HOBH3HOW U
MOXET OBITh PEKOMEHJ0BaHA JJIsl IPAKTUYECKOTO UCIOJIb30BaHHs B COBETYIOIIMX AKCIEPTHBIX CHCTEMAX, IS aBTOMa-
TU3alMU pabovyero MecTa Bpaua-BeTepUHapa, B COBPEMEHHBIX TEXHOJIOTHIX BETEPUHAPHON TeIeMeIUIIHbI.

KiroueBble ci1oBa: ayio3 pyoma y KopoB, IaTOJIOTHA au03a pyOIia, AMarHOCTUPOBAHKE, MHTEIUIEKTyalbHasl CHCTeMa
JIMaTHOCTUPOBAHUS, TEOPHSI HEYETKUX MHOKECTB, KOMIIBIOTEPHAS peaTn3alius

Jost uuruposanusi: [To6eaunckuii B.B., [To6emunackuii A.A., Mosnes I'.A. Co3ianne HHTEIIIEKTyaIbHOW CUCTEMBI JTU-
arHOCTHUPOBAHMS amnuao3a pyoma y kopoB. Yacte 2: KommberoTepHas peanmsanusi. Bemepunaphas namonozust.
2026;25(1):26-33. https://doi.org/10.23947/2949-4826-2026-25-1-26-33

Introduction. Ensuring sustainable development of ani-
mal husbandry is a key objective stipulated in the State Pro-
gram for the Development of Agriculture in the Russian Fed-
eration [1]. Thus, the primary objective of the industry recog-
nized at the government level for the nearest future is annual
growth of cattle population and reduction of its mortality®.

Rumen acidosis is one of the most widespread diseases
in cattle. It is called “the prime cause underlying all health
problems in cows” [2] and “the most acute problem of any
herd, both the high-yielding or ordinary one” [3]. All this
justifies the necessity to improve the diagnostics of acido-
sis at any stage of the disease. For this purpose, we have
created an intelligent system for diagnosing rumen acidosis

in cows. At the first stage of the study [4], formalization of
the tasks was carried out based on the concept of fuzzy
logic: a set of diagnostic parameters for assessing the de-
gree of acidosis pathology was justified; the structure of the
hierarchical-type intelligent system was developed; the
problem was formalized using the fuzzy set theory meth-
ods. The objective of the second part of the study is to com-
plete computer implementation of the earlier formalized
fuzzy-logic-based intelligent system for assessing the ru-
men acidosis pathology in cows.

To achieve this objective, the following tasks were defined:

1) development of the rule bases to solve a problem of
hierarchical-type intelligent system;

1 Strategy for the Development of Agro-Industrial and Fishery Complexes of the Russian Federation for the Period up to 2030. Approved by the
Resolution of the Government of the RF No. 2567-r of September 8, 2022.
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2) synthesis of fuzzy systems using SciFLT tool of
Scilab software;

3) development of a generalized model of an intelligent
system for diagnosing rumen acidosis using Xcos tool of
Scilab software;

4) computer implementation of the intelligent diagnostic
system in Scilab software with embedded Scinotes text editor.

Materials and Methods. The study was conducted at
Ural State Agrarian University (Ekaterinburg) and North-
ern Trans-Ural State Agricultural University (Tyumen)
from 2022 to 2025. Methods of veterinary medicine, the
intelligent system techniques, fuzzy set theory and fuzzy
logic methods, along with Mamdani fuzzy inference sys-
tem were used to conduct the study. Synthesis of fuzzy sys-
tems was performed using SciFLT for Scilab software
(Scilab Consortium, France). A computer model for rumen
pathology assessment was created based on the generalized
smart system by means of Xcos tool of Scilab software.
Computer implementation of the intelligent system was
completed in the Scilab+Scinotes environment.

Research Results

1. Development of the production rule bases. Vari-
ous combinations of diagnostic parameters and corre-
sponding to them degrees of acidosis pathology were taken
to develop the rule bases. The degree of pathology will
vary from ‘“Permanent” to “Acute”, and the linguistic vari-
able will take values from “Min” (the animal is healthy) to
“Max” (acute phase).

Significant dependencies of the disease degree from the
pH of rumen contents (pH ) and Fat content in milk (F)
should be determined according to the rules of fuzzy set
theory (“If A=B and C =D and ... then m; = nj and ...”)
and be based on the known data [5-22].

The developed fuzzy production rule bases for infer-
encing the function Y, = f(pH, F), the function Yss =
f(Pulse Rate, Respiratory Rate), and the resulting function
for the Degree of Acidosis Pathology DAP = (Y12, Y34) are
presented in Tables 1-3.

Table 1
Rule base for inferencing the function Y12 = f(pH, F)
I Values of the output fuzzy subsets “pH — Fat content, Y12
Values .Of the‘!lngglstlc upon changing the fuzzy function “Fat content, F”
variable “pH _ _ _
Minimum, Min Low, L Average, Av High, H Maximum, Max
Highest Acidity, HighestAc Max Max H Av L
Moderate Acidity, ModAc Max H Av L L
Neutral H Av L Min Min
Moderate Alkalinity, ModAlk Av L L Min Min
Highest Alkalinity, . . . .
HighestAlk L Min Min Min Min
Table 2

Rule base for inferencing the function Yz4 = f(PR, RR)

Values of the linguistic variable
“Pulse Rate, PR”

Values of the output fuzzy subsets “Respiration — Pulse, Y34” upon changing the fuzzy function
“Respiratory Rate, RR”

Rule base for inferencing the function DAP = f(Y12, Y1) = f(pH, F, PR, RR)

Minimum, Min Low, L Average, Av High, H Maximum, Max
Minimum, Min Min Min Min L Av
Low, L L L L Av H
Average, Av L Av Av H Max
High, H Av Av H Max Max
Maximum, Max Av H Max Max Max
Table 3

Values of the linguistic varia- Values of the output fuzzy subsets “DAP” upo¢ c}}anging the fuzzy function “Respiration—Pulse,
ble “pH — Fat content,Y12” — _ i . -
Minimum, Min Low, L Average, Av High, H Maximum, Max
Minimum, Min Min Min Min L L
Low, L Min Min L Av Av
Average, AV Min L Av H H
High, H L Av H H Max
Maximum, Max Av H Max Max Max
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2. Synthesis of fuzzy models of the problem. Fuzzy
inference operations and synthesis of fuzzy models of the
problem were performed using the rule bases. The SciFLT
Editor toolbox for Scilab software was used to implement
the developed formal formulation of the fuzzy inference
problem, which is part of the intelligent system structure®.
Fuzzy inference for obtaining the resulting membership
functions is shown in Fig. 1a—c. In accordance with the
fuzzy inference methodology®, on the example of the

Member functions for input number 1 named pH

1 —_—

ModAc

Neutral

mu(pH)

3 35 4 45 5 55 6 65 7 75 8 85 © 05
pH
Member functions for input number 2 named F

/ Y
AN N

—— Min

—"

Av

Max

a)
7412 Ascila — RULE EDITION
des Desc 1.
Elil"lnpu R2: IF {pH IS Ku} AND {SZ

R3: IF {pH IS Ku} AND {SZ

MRRule |Rs: IF {pH IS K} AND {SZ

4

——HighestAc

ModAlk,

05 / / HighestAlk

function Y1, = f(pH, F), the operations were performed in
the following order:

1) fuzzification of problem variables (Fig. 1a-b);

2) development of a rule base (Fig. 1c).

After completing fuzzy inference and defuzzification,
the resulting functions Y12 = f(pH, F); Y34 = f(PR, RR) and
DAP = f(Y12,Y34) were obtained. They are shown graph-
ically in Fig. 2.

Membeér functions for INput numbeér 1 named Y12

1 e 3 3 ! 4 1 + | Min
N\ /T\ Z1\ y T
t)_ 054 A i \_.. ", H
E 7 I\ / \ - Max
° o . o
T 1 v T T T T T T
0 05 t 15 2 286 3 35 4 45 6
Y12
Mémber functions for Input numbér 2 named Y34
- + e g . MDY
A —_ 1
/ - Av
- - - - “’ H
/ Max
— T
0 05 1 15 2 286 3 35 4 45 &
Y34
b)

IF {pH IS Ku} AND {SZ IS Min} THEN {Y12 IS Max} weigth=1.0 4

IS M} THEN {Y12 IS Max} weigth=1.0

IS Cp} THEN {Y12 IS B} weigth=1.0

[e®0uty pg: 1F (pH IS Ru} AND {Sz IS B} THEN {Y12 IS Cp} weigth=1.0

IS Max} THEN {Y12 IS M} weigth=1.0

R6: IF {pH IS Kcp} AND {SZ IS Min} THEN {Y12 IS Max} weigth=1.0

R7: IF {pH IS Kcp} AND {Sz IS M} THEN {Y12 IS B} weigth=1.0

R8: IF {pH IS Kcp} AND {SZ IS Cp} THEN {Y12 IS Cp} weigth=1.0

Ro: IF {pH IS Kcp} AND {SZ IS B} THEN {Y12 IS M} weigth=1.0

R10: IF {pH IS Kcp} AND {SZ IS Max} THEN {Y12 IS M} weigth=1.0

R11: IF {pH IS Heitrp} AND {SZ IS Min} THEN {Y12 IS B} weigth=1.C

R12+« TF I(nH TS Hatrmnl ANN {S7 TS MY THFN (V12 TS M) weinrh=1 :I’LI
»

IF

pH is: _ SZis:
(1) Kn 3 [()Min
[~ not I~ not

THEN
Y12is:

3 (1) Min E

" not

Fig. 1. Fuzzy inference operations by means of SciFLT toolbox: a) pH and F variables;
b) Y12 and Ys3s; ) fuzzy inference rule base for the function Y12 = f(pH, F)
Note: Russian and Latin symbols in Fig. 1 c) correspond to the English equivalents as follows:

Ku — HighestAc
Kcp — ModAc
Heiitpans — Neutral
cp — ModAlk,
L= — HighestAlk
SZ-F

Mun — Min

M-L

Cp—Av

B-H

4Scilab. URL: https://www.scilab.org (accessed: 19.06.2024).

SPiegat A. Fuzzy Modeling and Control: with 96 Tables. Heidelber, New York: Physica Publ.; 2001.760 p.
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Fig. 2. Resulting functions: a — Y12 = f(pH, F); b — Yas = f(PR, RR); ¢ — DAP = f(Y12,Y34)

3. Development of a generalized model of an intelli-
gent diagnostic system. Figure 3 demonstrates a model of
an intelligent system created by means of Xcos toolbox,
which uses Constant visual blocks for inputting initial data
and Mux multiplexers for generating a data sequence

B0

Controller Y34
MUX ot PR and RR

65

F FLS
=
Controller Y12
PH MUX ot F and pH
130 Text
PR FLS
RR

vector and transmitting data to Controller blocks. These
blocks address the corresponding fuzzy systems to obtain
fuzzy inference results. The calculation results are dis-

played on a virtual electronic display.

To workspace
SVZ [128]

FLS
LN

Controller DAP
MUX 5ty12 and Y34

Fig. 3. Model of an intelligent system created by means of Xcos toolbox

4. Computer implementation of the intelligent diag-
nostic system. To be used in practice, the model requires a
user interface. Scilab+Scinotes were used for its develop-
ment. The main visual interface forms are shown in Fig-
ure 4. They provide the information about the program,

documentation, input/output data, and recommendations
for treating rumen acidosis depending on its pathology de-
gree.
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auunao3a pybua y Kopos

MpoponkuTs

VHTenneKTyanbHas cucteMa AMarHoCTpoBaHUs
aunposa pybua y kopos co3gaHa 16.02.2024 r.
Bepcus nporpammb 1.1.

PaspaboTumkm:

1. Mpod., 4.7.H. MobeanHckuit Bhagumup BukToposuy
2. [loueHT, K.T.H. MobeaunHckuit AHapei AHaTonbesuy

a)

BeTeqimapna

3Hauenue pH pybua =

YacToTa Nynbea, yA/MHH =

YacToTa AbiXaHui, AB/MUH =

B Berepunapnn - o

Daiin Mncrpymente Mpaese  Cnpaeks

5, 0,50 VY P @

MHTEJ'U'IEKTYBJ’IbHaﬂ CUCTEMa JUarHoCTUpoBaHWA aluuaosa pYSL(E Y KopoB
BBOA MCXOAHBLIX AAHHBIX PesyneTaTsl

PaccuMTaTh CTenexb NaTonoruu aunnosa (CNA)

JKupHoCTe Monoka, % = CNA =

PexomeHaaumn
MNosTOpHTH

MeToauka

b)

Fig. 4. The main user interface forms of the program: a — home form; b — data input/output and program operation form

Note: Russian texts in Fig. 4 a) correspond to the English
equivalents as follows:

Mertoaunka — Methodology

O mporpamme — About the program

TIponomxuts — Continue

MHTennekTyanbHast cHCTeMa ANarHOCTUPOBAHMS aIu03a
py6ua y kopoB co3nana 16.02.2024r. Bepcus nporpammsr 1.1.
Pazpaborunku:

1.IIpod., n.1.H. [obemunackuit Bnagumup BukropoBua

2. Jlouenr, k.T.H. [lobeauHckmii AHIpelt AHATOIEEBIY

An intelligent system for diagnosing rumen acidosis in cows
was developed on February 16, 2024. Program version 1.1.
Developers:

1. Vladimir V. Pobedinskiy, Dr.Sci.(Eng.), Prof.

2. Andrey A. Pobedinskiy Cand.Sci.(Eng.), Associate Prof.

Discussion and Conclusion. The Artificial Intelli-
gence undoubtedly has great potential for development in
the agro-industrial complex. The intelligent system for di-
agnosing rumen acidosis pathology in cows proposed by
the authors is innovative and can be implemented into the
expert advisory systems, be used for automation of work-
places of the veterinarians and in modern veterinary tele-
medicine technologies or for other purposes.

The adequate work of the system is an issue of particular
importance, due to impossibility to apply the traditional,
standard approaches to it. Unlike other models, intelligent
rule-based systems, i.e., fuzzy systems and neural networks,
get trained throughout their entire existence cycle [23]. This
means that upon changing external conditions (e.g., methods
of treatment, pharmacological agents, or the occurrence of
side effects), new sets of rules will be incorporated into the

References

Note: Russian texts in Fig. 4 b) correspond to the English
equivalents as follows:

WHuremnekTyanbHas CHCTeMa AUArHOCTUPOBAHMS all03a
py61a y kopoB — An intelligent system for diagnosing rumen
acidosis in cows

BBox ucxoanbix nanHeix — Input of initial data
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Kupnocts Monoka, % = Fat content in milk, %
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the proposed intelligent system is capable of quite accurate
diagnostics of acidosis pathology and is versatile due to its
ability to improve the diagnostic process (by adding new
rules to the rule bases or adding other diagnostic parame-
ters) without requiring any changes to the program code.
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