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METHODICAL ASPECTS OF MODELING TECHNOLOGICAL PROCES SES
IN SELECTED AGRICULTURAL FACILITIES

Summary

The purpose of the work was to present the metbggadf modeling technological processes taking @liacspecialized
agricultural facilities (greenhouses, mushroom farmtorage rooms) for the purpose of controlling thicroclimate in
these buildings. In the work, the author wanteghare her experience of many years in the fieldrofess modeling and
microclimate control, pointing out the difficultie®d problems that must be overcome while forrmgathodels and pre-
senting recommendations to overcome these difsulin addition, the work discusses the possilibf using the devel-
oped models during the design of microclimate airdystems and during the control of thermal anchidity parameters.
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METODYCZNE ASPEKTY MODELOWANIA PROCESOW TECHNOLOGIC ZNYCH
W WYBRANYCH OBIEKTACH ROLNICZYCH

Streszczenie

Celem pracy bylo przedstawienie metodyki modelcavanoceséw technologicznych zachgmzh w specjalistycznych
obiektach rolniczych (szklarniach, pieczarkarniaptzechowalniach) dla potrzeb sterowania mikrokliema w tych budyn-
kach. W pracy autorka chciala podzielsie swoimi wieloletnimi déwiadczeniami z zakresu modelowania proceséw
i sterowania mikroklimatem, wskazajna trudndci i problemy, ktére naly pokon& podczas formutowania modeli oraz
przedstawiajc zalecenia odnmie sposobéw pokonania tych trudoo Ponadto w pracy oméwiono gtisvosci wykorzy-
stania opracowanych modeli podczas projektowansiesyow sterowania mikroklimatem i podczas stercavg@airame-
trami termiczno-wilgotnéciowymi.

Stowa kluczowe specjalistyczne budynki rolnicze, modelowaniecpsdw technologicznych, energoosdoe sterowanie
mikroklimatem

1. Symbols A characteristic feature of the two-position cohalgo-
rithms, which are the most commonly used in theajoot
and vegetable storage systems, is that the coafsegju-
lated technological parameters (i.e. temperatuneotdtoes
or vegetables and relative humidity of air insie storage
room) have a saw tooth shape. This entails sigmific
higher than acceptable, deviations of the valugsgilated
parameters from the values required by technolegishis
is also due to the fact that the potato and vetgettbrages
are equipped only with ventilation devices whiclteaf
cannot be switched on due to the meteorologicatlitions
unfavourable for ventilation. This is especiallye tbase in
winter or late spring. The effect of such a disadageous
operation of the control system implementing theo-tw
position algorithm is the increase in technologitases
and the deterioration of the quality of stored paga or
vegetables.

Continuous control systems are used in: greenlspuse
mushroom-growing cellars or fruit storages. Durican-
tinuous control using the PID algorithm (proporabrP,
integral I, derivative D), the regulator's settingesarantee-
ing the exact regulation of technological paransteare
selected at the stage of design of the controlesaystt is
assumed then that the dynamic properties of tHentdogi-
cal process are unchanged during system operatiow-
ever, during cultivation mushrooms or vegetablaswall
as during the storage of agricultural produce,rtiaight

a - surface area, tm°,

c,; — specific heat of potato, JIRE,

e —control error?C,

Ores— respiration heat of potatoes, kJ/kg,
r —heat of vaporization of water, J/kg,
t —time, h,

t,, — potato average temperatui€,

t,w — the air average temperature, C,

u —control signal,

u, — average water content of the potatqg,ktkg,
a - heat transfer coefficient, Jiia°C,

B —mass transfer coefficient, m/h,

p. — density of potato, kg/in

2. Introduction

As is known, the fulfilment of technological recgh
ments strictly defined by technologists, relatimgnbicro-
climatic conditions and the composition of the aspitere,
is a guarantee of obtaining:

» high and good quality harvest of fungi grown in asi-
room farm or vegetable crops grown in a greenhouse,

» low losses and good quality potatoes, vegetabldsiibr
after storage in storage rooms.

Currently two-position or continuous (PID) contsystems
are used to control the microclimate and the coitipo®f the
atmosphere. Control algorithms of these systems baxious
disadvantages. The disadvantages will be discussledv.

Ewa WACHOWICZ

234

changes. Thus, the dynamic properties of processas-
ring in the aforementioned agricultural objectsrd@ This
entails little adjustment, and thus: increased rietdyical
losses and deterioration in the quality of stonedt tause
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lower harvests and lower quality of mushrooms mush-  Stage 2. Determination of the purpose and scope thfe

room farm or crop of vegetables in a greenhouse. analysis. Process models can be formulated for various
The results of simulation tests have shown thigtfitos- purposes. A model created during a modern micratim

sible to eliminate these shortcomings through aptibn of  control system design, can be used:

modern control algorithms. These algorithms enghke « in the applied control algorithm (e.g. predictiveanlap-

implementation of energy-saving microclimate cohwo tive),

precise control of thermal and moisture paramet€h® « during the selection of the variant of the designed-

condition for using these algorithms is knowing thedels  trol system due to the used control algorithm, Wwhiciar-

of technological processes taking place in spestialiricul-  antees compliance with the assumptions adoptedgltie

tural facilities. design,

The purpose of this work was: « during optimization or polyoptimization of microeli
» presenting the modelling methodology of technolabic mate control.
processes taking place in specialized agricultfasilities, At this stage, the scope of the process analgsaso

such as: greenhouses, mushroom-growing cellarsoce-s determined. For example, decisions are made whetieer
houses of crops in which the microclimate is cdfecb In entire storage process will be modelled or only selected
the description of the modelling methodology, thepe of  stage, whether the model covers all phases of plavel-
necessary work was presented and the problems\éieat opment in the greenhouse or only the selected pledse
to be solved were given. There are also recomm@&mdat You need to get acquainted with the environment #fia
for solving these problems; fects the technological process. Find answers gogiles-
+ discussion of the possibility of using formulatedhno- tions: in what climate zone is the specialized adtiral
logical processes models during design of micrcalém building we are interested in, what are the avemdajéy,
control systems, deprived of the above-mentionesiddi monthly and annual temperatures and relative huyniafi
vantages, or during the control of thermal-moispaseame- the atmospheric air.
ters.

Stage 3. Creating a physical modelWhen formulating a
3. Modelling methodology of technological processes Physical model, the components of the technologicat-
taking place in selected agricultural facilities ess model should be separated. For example, thelméd

the plant growing process in a greenhouse is coetpo§

Technological processes occurring in specialisicay S0l model, plant model, internal air model andegigouse
tural facilities during microclimate control inclacheat and  Puilding mode‘l. o _
mass exchange processes. These processes differirfro Then, a ‘stocktaking’ of the constituent processes

dustrial processes. This specificity consists anfect that: ~ Mechanisms of heat transfer, mass, energy, ei(?gtalace
- we are dealing with living organisms (mushrooms," each of the above-mentioned ‘submodels’ showd b

plants, agricultural crops); made. For each of them should be specified: fixaimpe-
. the course of life processes taking place in thegan- ters, input and output variables of the test obgaet distur-

; bances.

isms may depend on random factors, such as, fongbea .

meteorological conditions prevailing during the e&gion In orderh_to organize the knowleddgde of the modeled
of potatoes in the field or fruit in the orchard.duch cases, Process atthis stage, it is recommended to ceedrawing

there is no repeatability of the qualitative andugfitative  ©n Which a block diagram of the technological pesce
process of life, e.g. breathing, in subsequent seEa®f model will be presented, taking into account a8 #bove
storage: mentioned elements of the physical model.

* processes occurring inside buildings are quick-gen  giage 4. Adoption of assumptions and simplification
processes, while processes occurring in living WEIBS  of the model. Assumptions are conditions that determine
are slow-changing processes; the scope of the model's validity, reducing thepscof its
« living organisms can change their chemical compmsit generality. Simplifications are conditions that dete the
(their dynamic properties) during the implementatid the  accuracy of the model by omitting specific phenoaném
technological process. . the physical model, which we think are not sigrifity
This specificity should be taken into account witee+  influencing the accuracy of the original model ghiction
ating a model of technological processes takingelan  py jts model. Simplifications result from the adegtas-

greenhouses, mushroom farms or storage rooms. sumptions, and their admissibility is determinedthg de-
During the formulation of the technological proges sjred accuracy of the model [2].

model, | propose to distinguish eight stages. Tages will

be discussed below. Stage 5. Formulating the technological process molde
During this modeling stage, it is necessary to qrenf a

Stage 1. Getting to know the modelled objectf possi- number of works, such as:

ble, it would be recommended: » Description of the components, phenomena or mecha-

+ conducting preliminary research on the technoldgicanisms of heat transfer, mass or energy of the reddsys-

process taking place in the specialized agricultouédlding ~ tem with laws and claims of scientific knowledge;

that interests us. These tests would consist iexperimen- ¢ Creation of model equations, which are most often

tal determination of thermal-to-humidity parametefdhe equations of heat and mass balances. Such a modes i

technological process; methodology of empirical sciences is called thetralbos

* registration of temperature and relative humidifyaw ~ model structurally similar [1]. An example of anuagjon

outside the building during the microclimate teststhe  describing the heat exchange in potatoes duringgtois

building. shown below.
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pZi |—_Q"‘zi dﬁl = pzi E!& - r.lozi

B‘% - a0/(tZi —tpw) 1)

dt dt
enthalpy tuber  evaporation penetrations
change breathing  of water of heat
in potatoes from tubers

e Formulating auxiliary information models. Duringobi
logical processes modeling, we may have to deah wit
situation where a biological or biochemical proctssng
place in a specialized farm building is not desaditby the
law of scientific knowledge but only as a chemiezadction.
For example, such a process is the process ofgtatpi-
ration during storage in a storage room (see foan)l In
this case, it is necessary to conduct experimeéastd of the
breathing process. During the tests, the relatipngie-
tween the respiration intensit§d.s and the temperature of
dt

the potatoes and the storage time should be detedmi
Based on the results of these tests, mathematioabfism
should be created (called information model in rodtt
ogy [1]), which then will replace the chemical farta de-
scribing the respiration of agricultural produatsthe heat
balance equation.

The professional experience of the author shoafsttie
mathematical formalism describing the process dhtoo
respiration based on the results of experimentds tef the
breathing process carried out in one storage sesaemot
precise enough for the needs of control. It reduitem the
fact that there is no quantitative and qualitatimgeatability
of this process in subsequent years of storagerddugred
accuracy of the potato storage process model wigsobr
tained after formulating the breathing model onlbsis of
the averaged results of breathing tests of 28 tesief tu-
bers during 12 storage seasons.

It should be remembered that the scope of thentech
logical process model is the same as the scopepstrie
mental research necessary to create an informatamiel.

» Linearization of non-linear expressions in equation
The equations describing the heat and mass excliarige
buildings we are interested in are non-linear aqoat If
we wanted to solve them analytically, the non-lmea-
pressions found in the equations should be linedriz

e Searching for the value of equation coefficientsot-
der to be able to solve the heat and mass excheoae
tions being a model of the technological process hec-
essary to know the value of the equation coeffisieRind-
ing them is not always easy. It is recommendedstodur-
ing modeling the values determined experimentaligu
can try to look for interesting values of coeffitig in
Ginzburg's work [3].

The author's experience shows that the considermtkls
of technological processes are very sensitive ¢ovidlues

of heat transfer coefficienis and penetration of the mass

coefficientsp.
e Supplementing the equations with initial and boupda
conditions.
Step 6.  Solution of model equationdBefore solving the
equations that constitute the process model, thitaadeof
solving the equations should be selected. It iessary to
decide whether it will be an analytical method aruneri-
cal method and what software will be used then.

If the analytical method is chosen, should be riakéo
account facts that:
* model equations are non-linear partial differentiqlia-
tions,
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* non-linear expressions occurring in model equatiens
quire linearization,

« these equations do not have exact, but only apmbei
solutions.

The author's experience shows that the methodathat
lows you to get an approximate solution of equatios)
known in the chemical engineering, method of fregye
characteristics.

It is more beneficial to use the numerical methtms
solving model’'s equations, e.g. the MATLAB programg
environment. It is then necessary to build a coepotodel
of the process in the Matlab Simulink toolbox. Fi.
shows, for example, a computer model of the pdtater,
built in Simulink [4].

I
B ;
—Pr L B
Lr - ecuilibrium H20xin air hE'
moisture H20 intubers " =
Zl

Fig. 1. Computer model of the potato layer, builMatlab
Simulink toolbox [4]

Rys. 1. Komputerowy model warstwy ziemniakéw, zbudo
wany w przyborniku Simulink programu Matlab [4]

The next step is to determine the simulation ne$ea

plan and the way of presenting the results of thests.
Stage 7. Model validation.The aim of validation is to
confirm in a documented manner that the formulatedel,
according to the assumptions, allows to obtairpthaned re-
sults. During validation, a logical and empiricatification of
the results of technological parameters calculaonarried
out, using the model. Empirical verification cotsis com-
paring the results of calculations with the resoltsxperimen-
tal research of technological parameters. Hererehalts of
preliminary research of the technological proces®ived in
the first modeling stage are useful. Then, detezmntine
model's errors and determine its accuracy. Theodsitbxperi-
ence shows that the accuracy of the model, sabsjafor the
needs of the control, is + 5%.
Stage 8. Implementation of the modeling analysis jpu
pose specified in the second stage of modelirithe pos-
sibilities of using formulated technological prosesodel
for the needs of microclimate control will be dissad in
more detail below.

4. Possibilities of using the technological process mel
while designing a modern microclimate control systa

In the second stage of modeling of the technoldgic
process, three possibilities of using the formuatedel of
the technological process in a selected, specthbrgicul-
tural building were indicated. These applicatiomsiaern
the control of ventilation and air-conditioning gguent as
well as the design of a modern microclimate cordgystem
and include:

« development of an energy-saving microclimate cdntro
algorithm, whose part is technological process mode
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» selection of the variant of the designed contratem
with different control algorithms, guaranteeing@se con-
trol or the lowest energy consumption,

» optimization or poly-optimization of microclimatermtrol.

ADAPTIVE CONTROL LAYER

REFERENCE
MODEL

SELECTION = ,l

PROCEDURE [* Ol
. u u T
— CONTROLLER E—- OBJECT .
r
¥

MS. |
CONVENTIONAL CONTROL LAYER

Fig. 2. Construction of an adaptive control sysfemtech-

nological parameters of greenhouse. Signs: E.keeldive

elements, M.S. - measuring sensors, e - regulatiar, u ',

u - control signals, y - regulated variablg, y measured
regulated variable - error [6]

Rys. 2. Budowa adaptacyjnego systemu sterowanardrami

technologicznymi szklarni. Oznaczenia: E.E.- elemsgikonaw-
czy, M.S. - czujnik pomiarowy, e - uchyb regulatjisygnat ste-
rujacy, y - wielkéé¢ regulowana, y- wielkai¢ regulowana, zmie-
rzona przez czujnik pomiarows; blqd [6]

¥

As confirmed by simulation studies, modern, enexaying
control algorithms that can be successfully usecbtarol the
microclimate in specialized farm buildings are a&dictive
control algorithm or an adaptive control algorittjié}. The
block diagram of the control system implementing #uaap-
tive algorithm is shown, for example, in Fig. 2. & be seen

in the figure, the component of the algorithm imedel of a
technological process, called here a reference Imode

The construction and functioning of microclimatne
trol systems with predictive algorithm and adaptalgo-
rithm are discussed in detail in [6].

The developed model of the technological process
also be used during the design of the microclincatatrol
system. We can choose the best, due to the addptegn
assumptions, variant of the system with differeantool
algorithms. For example, we can compare the operaif
conventional, currently used, microclimate contedo-
rithms with the proposed predictive control algamit In
order for the technical implementation of this taekbe
possible, the developed model of the technologicatess
should be additionally expanded with the modelhef ap-
plied control system for ventilation and air corating de-
vices along with the adopted control algorithm.

Fig. 3 shows, for example, computer models:

« technological process (marked with icons of cuttiva
hall and ground),

« outside air,

e control system for ventilation and air-conditioning
equipment in the mushroom-growing cellar.

The model was implemented in the MATLAB pro-
gramming environment.

With the model shown in Fig. 3, simulation testshe
functioning microclimate control system can be ieafout.
Fig. 4 and 5 show examples of simulation resulthia
form of:

« the course of the internal air temperature in theshm
room-growing cellar (Fig. 4),

» sample waveforms of the control signal for the tair
midifier in the mushroom-growing cellar (Fig. 5).

R
! T S A A In - COZ contert in inside air -t
Climate center In - throttle opening in MC PPRG  |g
ot - Tn e . In - ©O2 content in outside air .
- 3 ) Out - temp. in MC In - H20 cortert in inside ir %
— Ot - ¥n In - H2O content in outside air g
In-Th o
Out - gph In-Thm o L o W20 in M -
[ B
d
Measurement data Mixing chamber
2007 02 07 J
o PRpe Outsicle air
ot Out - COZ content
Outs PPpc - throttle
Outd opening Out - HZO corntent —
Outs
Ot Out - Temp. outside air
Out?
Humidity of outside air
Outd
Temp. of outside air
Out11
Throttle control
Control of the heater Time base
Control of the fan inverter generator [h]
Control of the radiator
Control of the air humidifier
] i ! In - throttle opening in CH FPpe
COZ cortent in outside air P & i Ot - COZ content in inside air —-
P In - COZ2 content in CH in supply air from MC
- In - H2 0 content in supphy air from CC Ot - pres=s. of inside air
S mp Out! - H20 content in the ground xp In - press. of saturated steam on Tp [Pa)
Out - xh —
Out2 - Temp. of the ground Tp J P In - Tp
InZ - Ti . of th d Th, [ |
" Smp. oT the groun Out? - press. of saturadet steam on Tp [Pa]H | e Ir - Tn out - mp |—|
Ground = In - Tpz
|in - ooh ot - Th |+
Cuttivation hall

Fig. 3. Computer model of the technological prodesarked with the icons: cultivation hall and grdumith the external air
model and the model of the control system for \egitin and air conditioning devices in the mushregnowing cellar [5]

Rys. 3. Komputerowy model: procesu technologiczriegnaczonego ikonami: hala uprawy i pa@h powietrza ze-
wretrznego oraz systemu sterowaniaqgizeniami wentylacji i klimatyzacji w pieczarkarsi [
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Control algorithm:

two-position

PID

predictive

1 i ] | | { | i
1 E F] 4 5 [} 1 &
Time ¥ o

Fig. 4. Sample patterns of indoor air temperatara mushroom farm, obtained by using various coafgorithms. Signs:
the course of the set value - blue, the coursketontrolled variable - red [8]

Rys. 4. Przyktadowe przebiegi temperatury powietveavmtrz pieczarkarni uzyskane w wyniku badsymulacyjnych
z wykorzystaniem téych algorytméw sterowania. Oznaczenia: kolor réeki - wielkd¢ zadana, kolor czerwony - wiel-
kas¢ regulowana [8]

Bir humadifier cantral

¥ ! ! ! ! Control algorithm:
T 04l
i
¥ ; i
. e e two-position
f ! i i i i
[ 1 -4 1 4
Tome fa
! T I T \
" 4
W s , PID
ozl ...._.; .'l‘.'l.__ :I..._.._...‘;ugu.,_ﬂ.w‘._.:...-.... e T e e L e v i e B i
1! i VT e —
3 1 i 4
!
i
g o6 i
ol : predictive
3 o3 l i
* Dt 2 1 1
Tira N

Fig. 5. Exemplary sequences of the signal contrglthe air humidifier obtained as a results of $ation tests by using
three control algorithms [8]

Rys. 5. Przykladowe przebiegi sygnatu stgrego wilgotnécig wzgkdng powietrza wewgtrznego otrzymane w wyniku
symulacji z wykorzystaniem trzech algorytméw staroav[8]

These trends were obtained using three differéatom  growing cellar or vegetable yield in a greenhousethe
climate control algorithms: two previously usedalthms lowest technological losses in storage rooms. Asdita-
(two-position and PID) and a modern, energy-sayingt tor of the quality of regulation it was assumedeharmini-
diction algorithm. mum of the integral from the square of the contnwbr e

The results of simulation tests can be used dwijtg  (formula 2):
mization of microclimate control in specialist agtural
facilities. The application of control optimizatioalows ty
for: minl = [€(7)dr . 2)
» ensuring the best quality of control, and thus high- &
est, good quality harvest of mushrooms in a mushroo
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The control error e is the difference betweendibsired,
set value of the tested technological parameteritantbn-
trolled value, obtained during the microclimate ttohwith
the use of given algorithm. During the implememtatdf
this optimization, we use the results of simulattests in
the form of runs of technological parameters wiiliero-
climate control (example - Fig. 4);
ensuring minimal energy consumption. As an indicato
of energy consumption, a minimum square of the robnt
signal u for individual ventilation and air conditing de-
vices was adopted:

t
min | ¢ =J'u2(r)dr ®3)
to
When designing energy-saving microclimate conitnol
a mushroom farm, simulation tests should be caroiet
during which signals controlling ventilation andr-ai
conditioning equipment are determined (Fig. 5);
to carry out poly-optimization, consisting in fimdj dur-
ing control a compromise between two mutually esitle
postulates of agricultural products producers,mmimiza-
tion of regulatory error and minimization of energgn-
sumption.
The use of optimization during microclimate cohtim
specialist farm buildings is described in more ilet47, 8].

5. Summary

The methodology of formulating technological prese
models presented in the work is addressed primaoily
young researchers dealing with agricultural enginge
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processes. The author of the work hopes that thik and
the recommendations contained therein will helpwer-
coming the difficulties associated with modelinghpo-
logical processes and designing modern, energywgavi
control systems for agriculture.
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