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Abstract
This document is a simple introduction to the computer modelling. It’s approached to initial users to this field. The math models are realized in EcosimPro. EcosimPro is a software specifically designed to the computer modelling, and it has several advantages. The parameter estimation is realized in Matlab 
with genetic algorithms. Two examples are described in this document. First example consists of a discontiuous reactor model. Genetic algorithms are used to calculate the constant of the kinetic equations, to diminish 
the error between experimental values and calculated values. Second example consist 
for a liquid tank with a level controller. 
Genetic algorithms are used to calculate PI parameters.
Keywords: EcosimPro, Matlab, simulation, optimization, genetic algorithms, examples, reactor, PI controller

I. ECOMSIMPRO
EcosimPro is a software specifically designed to the computer modelling. And it has several advantages that make it a powerful tool in this field.

1. The user can write the equations with simplicity. It’s not important the way that the equations are described. EcosimPro has a symbolic manipulator that works out the desired variable. Equations doesn’t need to be in a sequential or in a explicit way.

That means that the user can write the following equation in this way:

a = b*c

or in this way

1 = b*c/a

The way that the equation makes no difference to EcosimPro.

2. A math model with “nv” variables and “ne” equations, has “nv–ne” boundary variables. The user would fix the value of these variables. And EcosimPro would calculate the value of the rest of variables (ne).

The advantage of EcosimPro is described next. A math model is created in EcosimPro by the user. Then, each time that the user realizes a new experiment, a different group of variables can be chosen like boundary variables. Without no changes in the model. This is easier to understand with a example.

The mass flow through a valve can be calculated with the following equation:
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where W – mass flow; ρ – density; Pin – inlet pressure; Pout – outlet pressure; a – valve opening.
This expression is in EcosimPro next.
COMPONENT valve

DATA

 REAL K = 1

 REAL rho = 1000 “density (kg/m^3)”

DELCS

 REAL a

“valve opening (%1)”

 REAL W
“mass flow (kg/s)”

 REAL Pin 
“inlet pressure (bar)”

 REAL Pout
“outlet pressure (bar)” 

CONTINUOUS

 W = K*sqrt(rho*max(Pin-Pout,0))*a

END COMPONENT
EcosimPro components are divided by blocks. A block for data, a block for variables, and a block for equations.

The valve component has four variables: “W”, “Pin”, “Pout” and “a”. And it has only one equation. Then, three boundary variables have to be fixed by the user.

One posibility is to choose “Pin”, “Pout” and “a” like the boundary variables. Then, the value of these variables would be fixed by the user. And the value of “W” would be calculated by EcosimPro.

But there are more posibilities.

Second posibility is to choose “Pin”, “W” and “a” like the boundary variables. Then, the value of “Pout” would be calculated by EcosimPro.

Third posibility is to choose “Pout”, “W” and “a” like the boundary variables. Then, the value of “Pin” would be calculated by EcosimPro.

Last posibility is to choose “Pin”, “Pout” and “W” like the boundary variables. Then, the value of “a” would be calculated by EcosimPro.

II. PARAMETER ESTIMATION
Math models have a number of parameters. In many cases, the values of these parameters are unknown, and the parameters have to be estimated.

A simplified discontinuous reactor is modelled in the following example.

The reactions that take place are:

A ( B ( C

And the kinetic equation of this reactions are:

r1 = k1[A]

r2 = k2[B]
The development of the concentration of the three components can be calculated with the following expressions:

[A]’ = – r1
[B]’ = r1 – r2
[C]’ = r2
Initially, the reactor contents 10 kmol/L of component A. The reactions initiates and the concentration of the three components are experimentally measured. In the following table the measured values are representated.
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The discontinuous reactor model is writen in EcosimPro next.

COMPONENT reactor

DATA

 REAL k1 = 0.3

 REAL k2 = 0.3

DECLS

 REAL A

“kmol A /L”

 REAL B

“kmol B/L”

 REAL C
“kmol C/L”

INIT

 A = 10

 B = 0

 C = 0

CONTINUOUS

 A' = -k1*A

 B' = k1*A - k2*B

C' = k2*B

END COMPONENT
This component has the same blocks of the valve component (data, variables, and equations). But,  moreover, this component has the INIT block, used to inizialate the variables with derivates.

The user doesn’t know the value of the data, k1 and k2, yet. And so, by the moment, this values have been fixed randomly.

The reactor component has three variable (the concentration of A, B and C), and it has three equations too. So, there are no boundary variables, and a experiment can be realizated directly.

In the following figure the development of the three components, (calculated and experimentally measured), are representated. 
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Calculated values and measured values are very different. Logically, this was expected, because the value of k1 and k2 was fixed randomly.

Now, it’s necessary to look for the values of k1 and k2, that get the less error between measured values and calculated values.

EcosimPro is specific to simulation. And in this field, it has several advantages. But in another fields, like optimization, Ecosimpro doesn’t work successfully.

The parameter estimatition is going to be realizated with Matlab. Using genetic algorithm.

3. GENETIC ALGORITHMS
Most powerfull and faster methods of optimization use aditional information (like derivates, gradient..) of the funtion to minimize.

But in this case, the function to minimize is a math model created in Ecosim. And it can consist of thousands of code lines. And then, the gradient (or another type of information) can’t be known. The Ecosim model have to be considered like a black box, with inlets and outlets. And only inlets and outlets can be used in the optimization method. Some optimization methods that use only this information are, for example, the Symplex method or the Genetic algorithms. 

Genetic algorithms are used in this document.

Genetic algorithms try to simulate the process of the natural evolution.

Natural evolution works in the following way. Each individual of an animal specie have a especific characteristic. For a start, it’s not posible to known  which individuals are the best. But in the moment that two individuals have to compete against themselves for get feed, or have to get away from a predator, only the most qualified individual would survive. Moreover, these surviving individuals are the individuals that would have descendants. The characteristic of the new individuals are similar (but not identical)  to the characteristic of their parents. At the end, the population of the animal specie would consist of the most qualified individual.

Genetic algorithms works in the same way.

Each individual is a vector, which dimension is the number of variables to estimate. And which elements are the value of each variable to estimate. So, the objective function get a different value for each individual.

Initially, the value of the elements of the individuals is a randomly value between the limits of the variables to estimate.

Next, individuals compete themselves in groups of 2, 3... The most qualificated individuals, that means, the individuals with the less objective function value, would survive.

Surviving individuals forms groups of 2, 3... individuals and have descendants. For example, a descendant can be in the intermediate point of its parents. 

The individuals that would pass to the next life cycle, would consist for the surviving individuals, the descendants of the surviving individuals, and a small number of randomly generated new individuals. These random generation could help to find new optimum points. 

A few life cycles later, all the population would be close to the minimum of the objective function.

Genetic algorithms can be improved with many new effects. But the programming (in Matlab) of this basic and simplified genetic algorithm is very easy.

In this moment, it’s already posible to estimate the value of the parameters k1 and k2 of the discontinouos reactor model. 

In this case, the objective function would be:
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where nd is the number of data (nd = 5).
The estimated value of the variables k1 and k2 are:

k1 = 0.21,
k2 = 0.10.
In the following figure the development of the concentration of the three components (calculated and experimentally measured) are representated.
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Now, the simulated value and experimental value of the concentration of the three components coincide.

IV. PI CONTROLLER
The example of this section is the simulation of a liquid tank with a level controller. The contoller modificates the opening of a valve in the tank outlet. This system is represented in the following figure:
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This system consists for three EcosimPro components. A valve, a PI controller, and a liquid tank.

The valve component was described in the first section of this document.

To realize a PI controller in EcosimPro is very easy, but moreover, this component is already incorporated in the default libraries of EcosimPro.

So, the only new component is the liquid tank. Tank component is write in EcosimPro next.

COMPONENT tank

DATA

 REAL rho = 1000
“density (kg/m^3)”

 REAL D = 2

“tank diameter (m)”

 REAL P_atm = 1     “upper pressure (bar)”

DECLS

 REAL A

“area (m^2)”

 REAL W_in
“inlet flow (kg/s)”

 REAL W_out
“outlet flow (kg/s)”

 REAL m
“liquid mass (kg)”

 REAL V

“liquid volume (m^3)”

 REAL h

“liquid level (m)”

 REAL P

“outlet pressure (bar)”

CONTINUOUS

 A = 3.1416/4*D**2

 m' = W_in - W_out

 V = m/rho

 h = V_liq/A

 P = rho*9.8*h*1E-5 + P_atm

END COMPONENT

Each component have a number of boundary variables, that a fixed by the user. But, when two components are connected, the number of boundary variables diminishs. This is because some boundary variable of a component are calculated by another component.

The variables of this system are: P1 –  outlet pressure of the tank, inlet pressure of the valve; P2 – outlet pressure of the valve; a = vm – valve opening, manipulated variable of the controller; sp – setpoint of the controller; h = vc – liquid level of the tank, controlled variable of the controller; W1 – inlet mass flow of the tank; W2 – outlet mass flow of the tank, mass flow of the valve.
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When the three components are connected, the number of boundary variables is 3.

Many groups of three variables can be chosen like boundary variable. But the most logical group of boundary variables would be tank inlet flow “W1”, controller setpoint “sp” and valve outlet pressure “P2”.

Then, tank outlet pressure “P1” and liquid level “h” = controlled variable “vc” are calculated by the tank component.

Valve opening “a” = manipulated variable “vm” are calculated by the controller component.

Tank outlet flow “W2” is calculated by the valve component.
	
	calculated variables
	boundary variables

	valve
	W2
	P1, P2, a

	LC
	vm
	vc, sp

	tank
	h,P1
	W1,W2


It’s important to read EcosimPro manuals to learn how to do components connections.

W1, P2 y sp are the chosen boundary variables. Now, the user fixes the value of this variables.

W1 = 25 kg/s,
P2 = 1 bar,
setpoint = (if time < 1000 s) 3,
setpoint = (if time ≥ 1000 s) 4.
Moreover, there are several data that can be fixed by the user. For example, the value of the controller parameter, the gain and the integral time.
Initially, the value of the controller parameter are:
k = -5,
Ti = 5.
In this moment, an experiment can be realizated.

The development of the setpoint and the controlled variable (the liquid level), is shown in the following figure.
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The next step is to look for a values of k and Ti that would improve the signal control.

There are many PI tuning methods. One posibility is to use the genetic algorithm in Matlab to estimate the value of k and Ti.

In this case, the objective function to minimize can be the integrate of the error (setpoint – controlled variable).

Fobjective = 
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error

= accumulated error.
PI controller component in EcosimPro calculates the error on time, “e”, not the accumulated error. But it’s very easy to modify this component to be able to calculate the accumulated error. The PI controller component can be modified adding the following expression.
...

DECLS

 REAL accumulated_error

CONTINUOUS

 accumulated_error' = abs(e)

...

Using the genetic algorithm, the estimated value of the controller parameters are:

k = -80,
Ti = 125.
The development, with the new parameters, of the setpoint and the controlled variable (the liquid level), are shown in the following figure.
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Controlled variable gets quickly the setpoint. And this is the required effect. But this can cause another negative effect. If controlled variable gets the setpoint too much quick, this can mean that the manipulated variable bears very sharp changes.

In this case, the manipulated variable is the valve opening. A sharp development of the valve reduces considerably the valve life. This is no problem in a computer simulation, but this is a important problem in the reality.

In the following figure the development of the valve opening is shown. The valve opening sharply developments.
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Objective function have to be modify to penalize the sharp changes of the manipulated variable. 

Fobjective = accumulated error + b·valve effort

where b is a weight that fixes the valve opening penalization grade. 

Valve effort can be calculated like a function of the valve opening velocity, that is the derivate of the valve opening.

In order to calculate the derivate of the valve opening, EcosimPro valve component can be modified adding the following expression.
...

DATA

 REAL k_da = 0.01

DECLS

 REAL da     “derivate of the valve opening”

 REAL ya
“internal variable”

CONTINUOUS

 k_a*ya’ = a – ya

da = ya’

...

With the new objective function, the estimated parameters of the PI controller are:

k = -5,
Ti = 105.
The development of the setpoint, controlled variable, and manipulated variable are shown in the following figure.
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Now, the controlled variable gets slowly the setpoint, but the manipulated variable bears a shoft develpoment.

CONCLUSIONS
A simple introduction to computer modelling have been shown in this document. 

Next, two math model examples have been presented, and a simple method to estimate their parameters.
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