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VALIDATION OF A MODEL OF THE NEGATIVE PRESSURE SET VALUE SIGNAL
FORMATION IN THE COW MACHINE MILKING

The validation of the suction absolute pressurevagie signal formation in an autonomous milkingstér was conducted
using the Mamdani linguistic model as a setter inaatomatic control system. The computer simulatas conducted in
the MATLAB-Simulink® programme. The calculatiorutesswere illustrated with graphs reflecting thetur of the phe-

nomena.

1. Introduction

The automatic control of a cow milking cluster shib
approximate the machine milking parameters to theto-
genic features. From the control process pointiefvwthe
optimum solution is a close relationship of thetgurcpres-
sure values with the flow rate of milk flowing oaf the
cow's teat. Therefore in the Department of Powegilkger-
ing and Automation of Agricultural Processes of thei-
versity of Agriculture in Krakow an engineering jct on
an autonomous milking cluster with separated soqpiees-

sure and milk conveying pressure has been undertake

This cluster milks cow's udder quarters individyal part
of the project is a concept of an automatic consyatem
using the linguistic model calculating the suctjnessure
set value. The control system validation was cotetliin
the project, by a simulation experiment on a listai
model. The course of the absolute suction presseirealue
signal obtained from the model for an autonomouking

cluster in individual milking phases was comparethex-
pectations based on the theoretical and empirinalwk

edge.

2. Objective and scope of the project

The objective of work was to perform validationtbé

process of forming the absolute suction pressure/aee
signal in an autonomous cow milking cluster witiMam-
dani linguistic model.
The scope of the project covers developing of gulistic
model performing the role of setter of the suctpyassure
set value in an autonomous milking cluster and ramger
simulation of its operation in the MATLAB-Simulingro-
gram.

3. Characteristics of the controlled system

The controlled system is an autonomous milkingtelu
with separated suction pressure and milk trangpedsure.
The controlled process involves the suction pressuhich
changes in relationship to the mass flow rate dk rfhow-
ing out of the cow's teat. Fig. 1 presents a segm&an
autonomous milking cluster for milking a cow's uddear-
ter.

4. Control system

The automatic control system requires two measentm
components to be placed in the controlled systeiordier
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to determine the value of the suction presqurand the
mass flow rate of milk flowing out of the cow's teg. The
suction pressure constitutes the controlled vagiablow-
ever, the mass flow rate of milk is the variablattls the
basis for shaping of the controlled variable séteaignal
on the basis of the Mamdani linguistic model. Thatool
system diagram is presented in Fig. 2.

2

s

Reference: Own research of the authors

Fig. 1. A simplified diagram of the controlled syst
1 - pulsation line, 2 - absolute suction pressudgetp,
3 - teat cup, 4 - short milk tube, 5 - milk masswfl rate
measurement sensor, 6 - absolute suction presensors
7 - autonomous milking cluster claw, 8 - long niilibe

The operation of the control system is as follotims
measurement component 2 generates a signal cowaini
information on the mass flow rate of milk flowingitoof
the cow's tead,,. This is the basis for calculation of the suc-
tion pressure set value in the milking clusggr with a
Mamdani-type linguistic modeF{C sette}. The set value
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signal goes to the summing node input, where itom-

course of the set value sigmalassigned to the first course

pared with the signal from the measurement compohen on the basis of authors' knowledge on the milkinacess.

(actual suction pressure in the autonomous milkiligter
Psr). The difference calculated in the summing nodthés

The following assumptions were made: the sucti@sgure
value ps should change depending on the value of mass

control errore. The signal that represents it, is entered intdlow rate of the fluid, representing in calculatsoothe milk
the input of thePID controller, which calculates feedback flowing out of the cow's tea, in the following manner: at

on the controlled system, executed by the execwtore-
ponent - the valve [5].
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the fluid outflow rateq,, < 0,0008 kds" the suction pres-
sure is 67 kPa, while af, > 0,0008 kés" it is equal to 58
kPa [3].

6. Process Modelling

Methods falling within artificial intelligence arsuc-
cessfully used in agricultural engineering. Prolistis-
Bayesian networks are used for description of adjtical
production and management of food production chgfhs
The Bayesian network technology enabled among sther
milk production process line reliability model te kron-
structed [1].

In this case a fuzzy Mamdani modeELC setterin fig.

2) was used to determine the set value of the atesslic-
tion pressure on the basis of the flow rate of riitkving
out of the cow"s teat. Its operation is based azyunfer-
ence, or drawing conclusions on outputs on theshafsin-
putsvy=f(we) based of relationships between these vari-
ables created according to fuzzy inference priesiplThe

Reference: Own research of the authorsmodel consists of three basic modules: fuzzificatiofer-

Fig. 2. Block diagram of the suction pressure aurggys-
tem

5. Assumptions for modelling of the set value sigha

To calculate the signal of the absolute sucticespure
ps set value in an autonomous milking cluster, onlhsis

ence, defuzzification. The first of the said module re-
sponsible for fuzzification of inputs. This procassexe-
cuted by relating input variables to the linguistialues
along with the assigned fuzzy sets. The sets magebe
scribed by a number of available membership funstio
The second module - "inference" processes inputiinin
guistic variable categories into the relevant outpignal

of the milk mass flow ratg,, it was necessary to determine value. The inference process takes place on ths bas

the relationship between these variables. It wasrdened
on the basis of theoretical and empirical knowleffige 3).
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rule base describing the relationships occurrirtgvéen the
inputs and the outputs. The output is determined [B, 9,
www.mathworks.com] in the last "defuzzification" thde.

To illustrate the operation of the mathematicajoal
rithm of a Mamdani-type linguistic model, used famerat-
ing of the set value signal, a calculation example for one
input value ¢,) is presented below. This variable was
fuzzified. During the linguistic inference stageethorre-
sponding output fuzzy values were determined, axd the
outputs were defuzzified. The described calculatipera-
tions were presented in the three modules below.

6.1.The Fuzzification Module

In the fuzzification module the fuzzification opépn
was performed, that is calculation of membershighefin-
put variableq, to individual fuzzy sets. Based on the
knowledge on the milking process, the ingptvalue set
was divided into 4 subsets: small values S, middiees

Reference: Own research of the authorsy; high values H and very high values VH. Membepshi

Fig. 3. The mass flow rate of milk flowing out dfet cow's
teat with the line of suction pressure set value

The graph above illustrates two courses concertiiag
setter. The first one designated with number 1 (he
line) is the mass flow rate of milk flowing out tife cow's
teat - the signal from the measurement compone(fig2
2). It was calculated according to reference daia The
second course designated with number 2 (green ikrie
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function values were assigned to subset members. Th
course of the membership function of the set megtpeto
the subsets S, M, H and VH is presented on fig. 4.

Next the input valueg,, were fuzzyfied for its randomly
indicated point — 0,005. It required an auxilianyel to be
drawn from the value of 0,005 perpendicularly te -
axis (fig. 4). Auxiliary lines to the Y-axis wergan from
the points of intersection of the auxiliary linethvthe lines
of value subsets, the small ones S and the miduts M,
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and the values of the membership function for tisedesets
were read.
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To determine the fuzzy values of output signalsthmn
basis of fuzzy input signals, a rule base, consiiua repre-
sentation of the knowledge on the milking process ae-
veloped. The rule base is a governing table cantgia set
of fuzzy rules describing the relationships ocaetween
inputs and outputs. The governing table descriltfregrela-
tionships between the mass flow rate of milk flogviout of
the cow's teat}, and the absolute suction presspgén an
autonomous milking cluster has the following form:

1. If the milk mass flow rate, is small .,S), the absolute
pressure valups is very high pVH).
2. If the milk mass flow ratey,, is medium ¢,M), the ab-
solute pressure valyg is high pH).

Reference: Own research of the authors3. If the milk mass flow rate, is high ¢.H), the absolute

Fig. 4. The course of the membership function ofminers
of the input set gqto the subsets

They were 0,57 for the subset S and 0,43 for tiset
M respectively. By analysing the presented graptthia
way we can find that a member of the inputgebf 0,005
belongs or does not belong:
1. It belongs to the S small value subset with the bem
ship function equal to 0,57
Hqmm(0,005) = 0,57
2. It belongs to the M small value subset with the e
ship function equal to 0,43
Haqms(0,005) = 0,43
3. It does not belong to the H high value subset etioee
the membership function is equal to 0
Homw(0,005) = 0
4. It does not belong to the VH very high value subsbe
membership function is equal to 0
Hamnw(0,005) =0

After the linguistic coding of a crisp inpufj,{ = 0,005)
carried out in this manner, the sum of the obtawveddes of
the membership function of the set members to tifvsets
is: 1 (1):

Hant (0,005) +£lyms(0,005) +Llyrmw(0,005) +£gmui(0,005)
=057+043+0+0=1 (1)

6.2.The Inference Module

Within the operations performed in the linguistiéer-
ence module, the outppt set was divided into 4 subsets:
small values S, middle values M, high values H sady
high values VH. Each member of the gpetwas assigned
values of membership function of this member ofgbeto
the subsets (fig. 5).
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Reference: Own research of the authors

Fig. 5. The course of the membership function ofminers
of the output setgto the subsets
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pressure valupsis small(psS).
4. If the milk mass flow ratgm s very high mvH), the
absolute pressure valpsis small(psS).

Then on the basis of conditional statements ofréhe
sulting rule base the conclusions were formulated.
1. In accordance with the first conditional statemefthe
rule base you can conclude that for the inpuat a level of
0,005, which belongs to the S small value subséi thie
membership function of 0,57, the output paramegeellpg
will be the highest of the declared VH with the Ipability
equal to the membership function value — 0,57. @ ba-
sis you can state that the value of the membefsinigtion
of the output variables to the VH subset is 0,57.

,UpsVH( ps) =0,57

2. Based on the second conditional statement of thve go
erning table you can draw a conclusion that foritipeit gy,

at a level of 0,005, also belonging to the M mediatue
subset with the membership function equal to 48 out-
put valueps will be the high, with the probability equal to
the membership function value at a level of 0,48us'you
can state that the value of the membership funatiothe
outputps to the H subset is 0,43.

Host( ps) =0,43

3. It follows from the third conditional statement tife
rule base that the values of the inggtfrom the H subset
corresponds to the output valugsin the S subset. How-
ever the mass flow rate of milk flowing out of tbew's teat
Om Of 0,005 does not belong to the H high value siylsse
you can conclude that the searched value of th&osuc
pressurgs does not belong to the S small value set.

Hoss( ps) =0
4. The valueg, at a level of 0,005 does not belong to the
VH very high value subset as well, so you can amhelon
the basis of the fourth conditional statement, the
searched value of the suction pressayén this case also
does not belong to the S small value subset.

:upsM( ps )=0
Thanks to the performed linguistic inference a fufarm
of the searched absolute suction pressure vplua an
autonomous milking clustex; has been obtained.

6.3.The Defuzzyfication Module

In the defuzzification module singleton method was
used for calculation of the crisp output valueattordance
with this method the values of the membership fioncof
the set members to a specific subset of the outpuigere
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replaced with single-member sets - singletons. Wene in
a place for which the membership function of a #mec
subset is equal to 1. In fig. 5 singletons aregtesied with
arrows perpendicular to the X-axis. The axis fog WH
subset indicates point 66.96, while for the H sybtee
second arrows points out 64,76. The activation elegfor
the singletons discussed are 0,57 for the firstam 0,43
for the other. After replacing the fuzzy sets witle rele-
vant single-member sets the crisp output vahiegere cal-
culated with the dependency (2) [9]:

A
p, = @)
Z'upsi*
i=1
where:
p. - the air absolute suction pressure in an automsmo

milking cluster,
My - the degree of activation of the i-th singleton @

given rule,
p,; - the value of the output variable in the placdooh-

tion of the i-th singleton,

M - the number of rules.

The calculated value of the absolute suction pregsuin
an autonomous milking cluster for the mass flove rat
milk flowing out of the cow's tea,, of 0.005 is:

. _ 6696[0D57+ 64,76[0D43 _

: = 6602
057+ 043

7. Simulation tests

The computer simulation of the operation of theete
oped linguistic model, which is to perform the rofea set-
ter in the automatic control system, was carrietliothe
MATLAB-Simulink environment according to the diagna
shown in fig. 6.

]
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1 teat uzzy Logic

Controller
Reference: Own research of the authors
Fig. 6. The diagram for module operation simulation

The developed Mamdani-type fuzzy model is repteskn
by a Simulink block called "Fuzzy Logic Controllesh the
presented block diagram. The calculated courseastrfiow
rate of milk flowing out of the cow's tegt, read in from the
Matlab environment workspace with the "gm 1 tedtick
was entered to its input. The entered course i&edan fig.

3 with number 1. The values from the "Fuzzy Logan€ol-

ler" block output were visualised with an "Osciltope" type
block. The calculated signal of the set value afodilite suc-
tion pressureis presented in fig. 7.

Analysing this graph you can observe that in tegir
ning of the milking simulation the signal of thesalute suc-
tion pressure set valyg stays at a level assumed for the ini-
tial phase of milking and is equal to 67 kPa. Thegently
declines to the level appropriate for the actudking i.e. 58

kPa, and in the end of the simulation it reacheddkel cor-
responding to the final phase of milking, whichagain 67
kPa. It stays at this level to the end of the satioih.
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Fig. 7. The signal of the absolute suction pressaetealue

psversus time
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8. Conclusions

1. The Mamdani model simulation tests indicate itga-r
sonable to use the model for calculations of thevakelie of

suction pressure in the cow milking process.

2. The presented automatic control system will en#inte
absolute suction pressure to be shaped in theifunot the

flow rate of milk flowing out of a quarter of thew's ud-

der.

3. The developed linguistic model will be used foresel

tion of technical parameters of an autonomous nmjki
cluster.
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