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Abstract

We describe in this paper a computer program for AutomistiEitiematical
Modelling and SimulatiofAMMS) for Bacteria growth control in the food
industry using Artificial Intelligencé€Al) techniquesThis computer program is

an implementation of a new methddr AMMS using Expert Systems
technology and Fractal Theory developed by the authors. We show in this paper
mathematical models expressed as differeatjalations, for thesimulation of
bacteria growth foseveral types dibod. The goal of constructingis models

is to capture the dynamics of bacteria population in food, so as to have a way of
controlling thisdynamicsfor Industrial purposes. Controlling theowth of
bacteria is very important in industrial microbiology in obtainthg food
productswith the desiredthemicaland microbiologicaproperties. The goal of
controlling thegrowth of bacteria populationan be achieved, by computer
simulations and application tfe theory oflynamicalsystems. We also use the
fractal dimension as a tofdr theidentification of bacteria by measuring the
geometrical complexity ahe coloniesThis method of identification is based

on the experimental facthat different types of bacteria have colonies of
different geometrical form and complexity.
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1 Introduction

Many products ofconsiderable economic valte us hunansare the result of
the metabolic functions of microorganisms. Frdine industrial point ofview,
the substrate can be considered as themmaterial andhe microorganisms as
the demical "micro-industry”Hat transforms this material into negroducts.
The general reaction is shown in Figure 1.

SUBSTRATE
(raw material)
+

MICROORGANISMS

NEW PRODUCTS

Figure 1 General Reaction for Food Production using Bacteria

Some of the requirements for this industrial microbiological process are:
1.- The microorganism to be used has to be capable of producing large

guantities of th@roduct. Thamicroorganism has a higirowth rateand is

not harmful to the consumers.

2.- The substrathas to be available large quantities and has to tmatively
cheap. In some cases the substrate is a subproduct of aimoitnsrial
process.

The productresulting from industrial microbiology can btassified in the
following groups: 1) Alcoholic Beverages, 2) Chemical Pharmaceutical
Products, 3) FoodSupplements and 4) OtheZhemical Products. The
microorganisms used for developing tpi®ductscan be Fungi, Viruses or
Bacteria.

We describe in this paper a new method to perform AMM$hfoproblem
of Bacteria Growth Control in Foo&ngineering (BGCFE) usindexpert
Systems technology and Fractal Theory. The idea of &sipgrtSystemgES)
technology and Fractal Theory (FT) fthis problem can be justified if we
considerthattraditional methods for BGCFE require a lothoimanexpert and
computertime for numerical simulations. Traditionahethods for BGCFE
involve aprocess ofmodel selection fogiven specific problem anthen a
process ohumerical exploration dahe dynamicalbehaviors othe modelThis
traditional methods require a team htiman experts to decidewhich
mathematical model is considertbe@ "best" for th@roblem and then a process
of extensivecomputersimulations ofthe "best" model, to obtain tleptimum
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control for the food manufacturing process. Also, we uselon-linear
(dynamical) models instead of traditional statistical models, becausevitelt a
known fact fromDynamical Systems Theory, seBevaney, that non-linear
models can exhibit a rich diversity dynamicalbehaviors, ranging fronaery
simple periodic solutions to very complicated "chaotic" behavior.

We describe grototypeimplementation obur new method for AMMS as
a computer program written in the PROLQiBgramming languade This
computer program can be consideredirdaelligent systenfor thedomain of
BGCFE because it uses Al techniques to obtain the "best" mathemuetazll
for a given food engineering problem, and then uses Al techniques to
automatically perforntomputersimulations ofthe "best'model to obtain the
optimum control othe foodmanufacturingprocess. The use of A¢chniques
is to achievehe goal of AMMS of foodngineering problems by simulating (in
the computer) howaumanexperts in thislomain obtairthe "best'model for a
given problem andhen how the experts proceed abtaining the "best"
simulationsfor this modelGiven afood engineering time serieje computer
program develops mathematical models baseth@meometry of the data. For
this, the computer program uses the concept of the frdotaension, see
Mandelbrot®, to classifythe components of thime seriesover a set of
gualitative values, then the program uses this information to decide (using a rule
base)which dynamical modelsre the most appropriate for the daiad finally
the program decidewhich model isthe "best" one for thproblem using
heuristics and statistical calculations. The authors have developed before several
prototype intelligent systemgor mathematicamodelling of economical and
financial problems, see Castillo &elin*6 and several intelligent systems for
the simulation of dynamicabystems, see Castillo &lelin3:7, howeverthis
computer programs didn't considesingthe fractadimension as a measure of
classification and also thewere only developed with the goal dhaving
intelligent decisiorsupport tools. Irthis paper, we are nowescribinghow to
automate the process wiodellingand simulatiorfor BGCFE and also we are
considering fothe firsttime the integration of the methods fmodelling and
simulation.

2 The problem of food production using bacteria

In this section we consider briefly the problem of food production using bacteria
for industrialpurposesMany differentfood products are the result lb&cteria
population and the beskample of this ishe set oflairy (milk) products. We
show in Table 1 somedairy food products and the correspondibgcteria
usually used in the manufacturing process, see Pelczar &Reid

We will consider theoroblem offood production for the case of yogurt. In
this casdhe use of Streptococctisermophilus and Lactobacillus bulgaricus is
to produce LactiAcid which isthe critical chemical compound necessary for
obtaining thigoroductwith the exact properties. The right usetfo$ two types
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of bacteria in this case, i.e., right temperature and time, results in more quantity
of yogurt and of better quality.

Another case is the one of cheese productitifierent kinds of cheese
require different types of Bacteria and different production processes. However,
we can saythat in general the goal is tproduce themaximum quantity of
cheese possible and this requires controtlwggrowth of Bacteria present and
also controlling in the bestvay possibléhe conditions of production
(temperature and time, for example). We say almosthe same thingor the
butter and other food products.

We can sayhen, that from théndustrial point of viewthe goal is to obtain
the maximum quantity of the foodproduct with the desired checal and
biological properties. However, this goal from the engineering point of view can
be translated to obtainintpe "best" contropossiblefor the food generation
process, anthis involves modellind3acteria population in the substraléis
problemwill be discussed igreaterdetail inthe next section, wherefamily of
mathematical models (dhe Lotka-Volterra type) is presented for BGCFE
modelling.

Table 1.- Sample food product and the bacteria used in their production

FOOD | BACTERIA
BUTTER | Streptococcus lacticus
| Leuconostoc citrovorum
CHEESE | Streptococcus lactis
| Streptococcus cremoris
YOGURT | Streptococcus thermophilus
| Lactobacillus bulgaricus

3 Mathematical modelling of the problem

The mathematical problem is thennabdellingthe population of bacteria in the
substrate as thgyoduce the admical compoundeeded for the corresponding
food product. For apecificcase thisnayrequire testing several models before
obtainingthe "best" mathematl modelfor the food process. lihis paper we
consider the beshodelthe thaffits morecloselythe data for @iven problem.
After deriving this "best" model, thetle problem is of obtaining computer
simulations to decide othe "best" contropossiblefor the food generation
process. Irthis paper we considéne best control the one thatximizesfood
production for a specific case.

For the case of yogurt we need to have a mathematiodel for the
population of S. thermophilus and L. bulgaricus gredquantity of Lactié\cid
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produced by both bacteria. tinis case we requirelaotka-Volterra typemodel
consisting of a system dhree simultaneoudifferential equations, modelling
the situation oftwo bacteria populations and one chemical compound
concentration.
For other food products threumber of bacteria needé&at production may
be different than foour example. In this section we show mathematiwadlels
for one, two or three bacteria to explain how we can try in model this problem.
We will consider first the case aifsing only one bacteria for food
production. The mathematical model in this case can be of the following form:

dN/dt = r(1 - N/K)N -BN
dP/dt =pN

where: N = population of bacteria, P = quantity afraltalproduct, r = rate of
growth of bacteria, K4imiting capacity of theenvironmeni(substrate quantity)

andp = biochemical conversion factor.
We will consider now the case of two bacteria used for food production:

dP/dt =BNq + YN,
where:N; = population of bacteriah, = population of bacteria2, P = quantity
of chemical product,qr= rate of growth of bacterialy = rate of growth of
bacteria2, K = capacity of thenvironment for bacterial, &= capacity of the
environment for bacteriaB, = biochemical conversidiactor from bacterial to

product,y = biochemical conversidiactor from bacteria2 tproduct,a, and

a5q are coefficients.
Another interesting case will be if one consideve "good" bacteria for
food production and one "bad" bacteria that is "attacking” the other bacteria:

stldt = [r3 - (r3/K3)N3] + 01N1N3 + O'2N2N3
dP/dt =BN; + YN,
where: Ny = population of bacteria3 (bad bacterig),= rate of growth of
bacteria3, i§ = capacity of thenvironment for bacteria3 amd, o, = rate of
attack of bacteria3 to the other bacteria.
This lasttwo cases are more interesting from the mathematical point of
view, because it imell known fact fromDynamicalSystem theoryhat amodel

of three or more coupledon-linear differentialequations carexhibit the
behavior Known as "chaos". This chaotic behavior has to be avimddis
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kind of problems, because we need to have a shabde production process.
Then, part of theproblem in this case will be to contritie food production
process avoiding the chaotic regime of this type of mathematical models.

The problem is then dinding the maximum ofthe following objective
function (for the case of two types of bacteria):

Profit = aP - liNl - b2N2 -C

where: P= camicalproductquantity ,N;= bacterial populationN,= bacteria2
population, C = fixed costs and g, b, are constants.
With the following constraints:

P< Po, Nl < NlO’ Kl < KlO’ N2 < N20 and @ < Kzo

where R Nig Nog Kig Koo are fixed limiting values given by the
processing plant. The problem Maximizing the profit bysolving the
differential equations for P, N, (Numerically).

The method that we propose this paper is tofind first the "best"
mathematical model possibier aspecificcase by using a new algorithm for
automatednodellingand then to use a new algorithm &tomatedsimulation
to obtain thenformation needed tfind the "best" contropossiblefor the food
production process.

4 Method for automated modelling and simulation

We describe in this section a new method to perimutomatedmathematical
modellingfor BGCFEusing Al techniques. This method discovédrs "best"
mathematical model for given food engineering time series usirigxpert
Systems technolody and Fractal Theory. We also describe in this section a
new method for automatedimulation of dynamical systems using Al
methodology.

4.1 Method for automated modelling

The problem of automated mathematical modelling can be defined as follows:
Given : A data se{time series) with mlata points, D = {g, dy,...,dm} where
dioRMi=1,..m n=1,2...

Goal : From the data set D, discovautomaticallythe "best'mathematical
model for the time series.

This problem isot a simple oneéhecause in theory there can berdimite
number of mathematical modelsat can bebuild for agivendata set, see Rao
& Lul3, So theproblemlies in knowing which models ttry for a data set and
then to select the "best” one. We cate theproblem moreformally in the
following way:

Let M be the space of mathematioabdels definedor agivendata set D.
Let MA = {M 4, ..., Mq} be the set oddmissible modelthat are considered to be



@% Transactions on Information and Communications Technologies vol 16, © 1996 WIT Press, www.witpress.com, ISSN 1743-3517

appropriate for the geometry of the data set D. phablem is tofind
automatically the "best" model Mb for time series prediction.

We consider mathematical models"dgnamical systems" ahe following
form: dY/dt = F(Y)
where Y is a vector of variables of the form: Y 5 (¥, ..., Yp) and F(Y) is a
non-linear function of YOtherkind of mathematical modekre the discrete
"dynamical systems" of the following form: { ¥ F(X)
where X = (\Q_l, Yi0r oo Yt-p) and F(X) is a non-linear function of Xlote
that in this case we have deterministic models expressediffasential or
difference equations.

The mathematical models for continucdgamical systemsan be one-
dimensional, two-dimensional or three-dimensional. $tilew below some
sample model2 that the intelligent system explores:

a) Logistic differential equation:
dy,/dt=aYy(1-Yy)

b) Lotka Volterra two dimensional:
dy,/dt =aYy - bY{Y5
dYo/dt =bY;Y5 - cYs

c)Lorenz three dimensional:
dY/dt = aYy-aYy
dYo/dt = -Y1Y3+bY4-Y5
dYg/dt=Y;YoCY3

The mathematical models for discrelgnamical systemsan also be one,
two or three dimensional. Weshow below somesample models that the
intelligent system explores:

a) Logistic difference equation:

Yipq = aYy(1-Yy)
b) Lotka Volterra two dimensional:
Yis1 = @Y - bYpX;
X 41 = BY{X; - €X;
¢) Henon map two dimensional:
Y1 = %
_ 2
Xtr1 = - %"+ DYy

In all of the above mathematicalodels a, b and are parameters thaéed
to be estimated using the corresponding numerical methods.
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The algorithm forautomated mathematicahodelling for prediction is
shown in Figure 2, see Castillo & Médiin

STEP I Read the data set D ={ddy, ..., dm}.
STEP 2 Time Series Analysis of the set D to find the components.
STEP 3 Find the set of Admissible models MA = {MMo, ..., Mq},
using the qualitative values of the time series components.
STEP 4 Find the "Best" mathematicahodel Mb fromthe set MA
using the measures of "goodness” of each ofntbeels
from the set MA.

Figure 2 Algorithm for Automated Mathematical Modelling.

The implementation ahe method for Automatddodelling as acomputer
program was done usirtpe PROLOGrogramming language. The choice of
PROLOG is because of isgmbolic manipulatiofeatures and also because it is
an excellent languager developingPrototypes, see BratkoThe computer
program was developed using an architectueey similar to that of an
intelligent system (knowledge base, inference engineuaed interfacewith
the addition of a numerical module for parameter estimation.

In this computer progranthe knowledge base is tpart thatsimulates the
process ofinding the "best" mathematicatodel described bgteps 2 to 4 in
the algorithm of Figure 2. Accordinglythe knowledge base consists of three
Modules: Time Series Analysis, Expert Modelling and Best Model Selection.

The Module forTime SeriesAnalysis contains the knowledge to extract
from the data the components of the time series. We use a classification scheme,
see Castillo & Melifi, based on the use of the fract@hension as a measure of
the geometrical complexity of a time series. This scheme is a set of rules relating
thevalue ofthe fractaldimension of a Time Series tosat ofqualitative values
for the components.

The Module for ExperModelling containghe knowledge to obtain the set
of AdmissibleModels considered to be more appropriate fgivan problem.
This Module consists of aet ofrules relating the qualitativealuesfor the
Time Serie€Components tepecific Mathematical Modetsonsidered the most
appropriate.

The Module for "Best Model Selection" contains the knowledge to select
the "best" mathematicahodel for agiven problem,i.e., given the set of
selected models generated by the step 3 dlfweithm, decide which model is
the "best" one tdit the data. Irthis paper, we areonsidering ashe "best"
mathematical mode¢he one thaminimizesthe sum ofSquares of Errors (SSE)
for all the Admissiblemodels ofthe problemThis criteria hashe advantage of
been validfor all the types ofnodelsthat weconsider in thentelligent system
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(statistical models and non-linear dynamical systems models). To give an idea of
this method, we show in Table 2 a sample case where the set of seledésl
is Ms = {M;, My, M3, M, Mg, Mg} and the model with lowest SSE is,M

Table 2.- Method for best model selection using the SEE.

Model Type Squares Sum Best Model
My Y=g + Dbt Statistical SSE no
My Y =a + byt +cit Statistical SSE no
Ms: InY =Inag + bsLnt Statistical SSE no
M,: logistic_differential_eq Dynamical SGE yes
Mg: lotka_volterra_difference_eq Dynamical SSE no
Mg: lorenz_differential_eq Dynamical S§E no

In Table 2 the best model isyMecause SSE,, = SSE where:
SSE, i, = min{SSE, SSE, SSK, SSE, SSE, SSk}

The implementation of thisinimizationprocedure iseasyonce thenumerical
values of the Sum of the Squares (SSE) are calculated by the numerical module.

4.2 Method for automated simulation

The task of computesimulation ofthe non-linear mathematical model of a
particulardynamicalsystem, is dependent on the appropriate selection of the
parameter values to perforthe best exploratiopossible ofthe dynamical
behaviors otthe system. Thproblem of selectinghe "best" set of parameter
valuesfor the exploration isot a simple onesince it requires using heuristics
to develop a set aidmissibleparameters AP, considered to be appropriate for
the given mathematical model, anthen using heuristics and statistical
calculations to make the final decision of which parameter vaheesonsidered
to be the "best" set BP. Tlea in this paper ithat, using Al methodologs;
the process of parametealue selection described above can be simulated by a
computer program, in thisvay obtaining a usefsoftware tool for the
simulation of non-linear dynamicalystems. The computer program can be
considered an intelligent system, becaushatwvs somentelligent features in
simulatingthe reahumanexperts in the process of parametalue selection
described above.

The algorithm for selectinthe "best" set of parametealues is shown in
Figure 3, see Castillo & Melin
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STEP I Read the mathematical model M.

STEP 2 Analyze the model M to "understand” its complexity.

STEP 3 Generate a set @fdmissibleparameters AP usinte initial
"understanding” of the moderThis set is generateasing
heuristics (expressed as rules in the knowledge basg) and
solving some mathematical relatiotisat will be defined
later.

STEP 4 Perform a selection of the "bestét of parameteralues
BP. This set is generated using heuristics (expressed as rules
in the knowledge base).

STEP 5 Perform the simulations by solving numerically the
equations of the mathematical model. #is time th¢
different types of dynamical behaviors are identified.

1317

Figure 3 Algorithm for Automated Simulation of Dynamical Systems.

We areconsidering in this algorithitihe "best" set of parameteralues for
simulation,the ones thagnablethe correcidentification ofall the dynamical
behaviors for a particular mathematical modéiis identification ofall the
dynamicalbehaviors is very important because it Wwelp us inthe selection
process of the "best" contrpbssiblefor a particular food productigoroblem.
The "best" control in this case is found by explorfbyg simulation) several
possible solutions to the mathematical model and then selecting the dblation
Maximizes the Profit as explained in section 3.

The implementation dhe method for AutomateSimulation as @omputer
program was done usirtpe PROLOGrogramming language. The choice of
PROLOG is because of isgmbolic manipulatiofeatures and also because it is
an excellent languader developingprototypes, see BratkoThe knowledge
base (KB) of the Intelligent System consist of a set of rules containing heuristics
and mathematical knowledge about pineblem of computesimulation of non-
linear dynamicalmodels. This rulesvere generated bynachine learning
techniques, using aet oftraining examples (models). Aachine learning
program was developed to generate the KB donulation of dynamical
systems. To give an idea lodw this knowledge is contained the KB wewill
show below some sample rules for several types of dynamical systems.

1) Bidimensional ModelsThis type of mathematical models canviréten in
the following manner:

X' = a f(X,Y)
Y'=Bg(X)Y)

In this modelthe Equilibria (X*,Y*) is stableif: o f, + (g, - B) < 0,where {
and g are partial derivatives. In Al language we have the rule:
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RULE 1:
IF [af, + (gy -B) <0] THEN Equilibria = stable

Also we have the following rule for a Hopf Bifurcation:
RULE 2:
IF ag=(- gy)/fX THEN Hopf_Bifurcation

We have to note here that the computer progtam obtain theymbolic
derivatives for the functions in the conditions of the ruléss is criticalfor the
problem of simulation, since we require this derivatives to obti@ralues of
the parameters andp.

2) Three-Dimensional Model$his type of mathematical models can be written
in the following form:

X' =a f(X,Y,2)
Y' =B g(X,Y,2)
Z'=yh(X,Y,2)

In this model, the Equilibria (X*, Y*, Z*) is stable ifa, b, c > 0 and (ab - ¢) > 0,
where a, b and ¢ adefined bythe characteristic equatior® +a\2 + b\ + c = Q
In Al language we have the following rule:

RULE 3:
IF a,b,c>AND (ab - ¢)>0 THEN Equilibria = stable

Other rulesfollow in the same mannefor thedifferent types ofdynamical
behaviors possible for the mathematical models.

5 Method of identification using the fractal dimension

In this section we describe a method tloe identification of microorganisms
that enables qualitycontrol for the food production processhis Quality
Control is done by monitoring the types of Bacteria presesdarmples ofood
extractedfrom productionlines. Weuse a method for thdentification of
microorganisms developed bye authors, se@astillo & Melin®, based on the
use of the fractalimension, to eliminatthe need o&pplying a long sequence
of microbiological techniques to the samples of food.

This method usethe fractadimension to make a unique classification of
the different types of microorganisms, because it is a known experimental fact
that thecolonies of different types of bacteria have different geometrical forms.
The problem is then tfinding aone to onenap betweethe different types of
bacteria and their corresponding fraatiinension, in this way obtaining a
unique method of identification of microorganisfos the food industry. The
first step inobtaining this map is tbnd experimentally (irthe lab) the different
geometrical forms forthe bacteria. The second step iscaiculate the
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corresponding fractalimensiondor thedifferent types of bacteria. This fractal
dimension can be calculated for a selected type of bacteria with several samples,
to obtain as a result a statistical estimation of dimension and the
corresponding error of thestimation. Inorder tomake an efficientise ofthis
map betweerhe different types of bacteria and their corresponding estimated
dimensions, we need to implement it as a module in the computer program.
The method for thedentification of microorganisms usinthe fractal
dimension can bstatedmathematically ithe following form: let M,, be a one
to onemap betweethe sets |, and O, where the set | can be calledet of
identifications of microorganisms artle set P can calledset offractal
dimensions. The set of identifications can be as follows:

| y={staphylococcug ;e Streptococcyg ajis pseudomo%reuginos,asalmonellﬁ/phi,...}

and the set of fractal dimensions can be as follows:

D = 1{Dga Dsf Dpg Dsp -}

where Q4 is the fractal dimension of the Staphylococcus aureus bactgyia, D
the fractaldimension ofthe Streptococcugcalis bacteria, [, is thefractal
dimension othe Peseudomona aureuginosg, iBthe fractatlimension of the
Salmonella typhi and so on.

In all of the above the fractdimension is given bihe following definition:

D = [log(N)/log(1/r)], for an object of N parts easbaled down by a ratio, r.
For an estimation of this dimension we can use the following equation:

N(r) = B 1/°, where N(r) =number of boxes contained in a piece of object and
r = size ofthe box. Counting theumber of boxedor differentsizes and
performing a regression we can obtain the box dimension of an object.

The authors have implemented this method as a computer program to obtain
an automated method ifentification of bacteria, see CastilloMelin®. In this
case this method is used verify the types of bacteria that we have at any
moment in our industrial microbiologyocess, irthis way controllinghe types
of bacteria in the processhis is importantor quality control because isome
cases harmful bacteria can appear during the production.

6 Validation of the intelligent system

We performed an extensive validation tbe algorithms formodelling and
simulationfor Bacteria Growth Control in Fodéingineering using a number of
different realfood engineering problemg:or this test cases,human expert's
solutions were known in advance and they were compared to the solutions
given bythe intelligent systemThe results of the computer program were
correct for 95% of theases considered in thalidation process.Given this

fact, we cansay that our methods for AMMS are "sound" antthat our
implementation of this methods performs wigood" accuracy. However, we
have to say that the validation wasgy limited tothe type ofmodels mentioned
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in the paper. A moreextensive validatiorprocess is needed tefine the
implementation othe algorithms. Also, we need to increasesibe ofthe set
of mathematical models that the intelligent system can explore.

We now show some results of thalidation process for thentelligent
system. In Table 3 we shalwe comparison between thtathematical models
(of the Lotka-Volterra type) selected by timelligent system anthe Models
given by the human experts in Food Engineering, for a set of specific examples.

Table 3.- Results of the Validation for lotka-Volterra Models.

Food Engineering Model by Model by Comparison
Problem (time series) the System the Experts
Yogurt GG Lotka-Volterra Lotka-Volterra Equal
3-dimensional 3-dimensional
Yogurt GGG Lotka-Volterra Lotka-Volterra Equal
4-dimensional 4-dimensional
Cheddar Cheese GG Lotka-Volterra Lotka-Volterra  Equal
3-dimensional 3-dimensional
Yogurt GGB Lotka-Volterra Lotka-Volterra Different
3-dimensional 4-dimensional

In Table 3, G is used tdenote a "Good" Bacteria, i.e. a Bacteria that is
important for the food generation proceBsit, B is used to denote "8ad"
Bacteria, i.e. a bacteria thimhibits the growth of the other Bacteria present.
From the results ofhis validation, we can see théie computer program
predicts verywell the exactnodel for differentfood engineering problems.
However, there are cases where the prodedisito findthe "best" model, i.e.
for the problem ofthe Yogurt GGB theystem should predict4&dimensional
Lotka-Volterramodel instead of a three-dimensiopak. Inthis instance, the
system isnot able recognizehe difference between &ood" bacteria and a
"bad" bacteria. Westill have to dosomework for theknowledge base of the
system to refine the process of "best" model selection.

The results in table 3 amnly a part of thevalidation ofthe modelling
algorithm used inthe computer program. gimilar validationprocess was
performed for thesimulation algorithmThe results of both parts wélidation
arevery good ingeneral. However, wtill have to make several improvements
to theintelligent systemThe most important improvement to do floe system
is to extend the set ohodelsthat the computer progracan explore at any
moment. This will extendhe domain of problemgor theintelligent system
making it more flexible and more usable.
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7 Conclusions

We described in this paper a new method to perfmtomatedmathematical
modellingfor bacteria growth control in the food irsdty using Al techniques.
Given afood engineering time series, this method obtéies "best'model for
the problem. We also describedthis paper a new method for automated
simulation ofthe "best'model obtained befor&iventhe mathematicahodel,
this method automatically perfornrmumerical simulations to exploml the
possible behaviors of the dynamical systems.

We have developed a computer program for AMBg Al techniques
for the problem of food productionusing certain types of bacteridhis
computer program (Intelligent System) is the implementation of the methods for
automated modelling and simulation described before. The mathematical models
capture thedynamicsfor bacteria population and at te@me time of chemical
production. Themodels represerihe process dfio-chemical transformation
between thamicrobial life and their generation of the chemipabduct. The
ultimate problem ifood engineering is to maximizée production of the food
(using thechemical) while satisfyingertain constraints. In this paper hwave
shown how tanake moreefficientthe task of food production in the Industry
by using Al techniques. We can conclude theat the use of Atechniques
increases productivity in the Food Industry #émd also reducethe cost of the
food production.
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