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Abstract

In this paper, we present an Internet version of software for PID controller tuning,
which is the open Web-based alternative to our former toolbox for control design.
The software represents a user friendly tool for simple step-response-based
identification of a process model, fast PID controller tuning, and effective
investigation of control performance.

1 Introduction

The aim of this paper is to present an Internesivarof software for PID controller tuning
called MWS PIDDESIGN, which is the open Web-basdtérmative to our former toolbox
PIDDESIGN for control design [1].

PID controllers are commonly used in industry amelytstill represent the major portion of all
low-level controllers used in practice [2]. The dpigt advantage of PID controllers is their low
complexity, robustness and possibility to realibent also in digital way. MWS PIDDESIGN is
oriented mainly on PID controller tuning. The apption enables to tune PID controllers using
various analytical and experimental methods, sgpq2- 8].

Numerous commercial and free tools for PID tunireyaurrently available on the market and in
open source community (see e.g. [9 - 11]). An exanop an interesting on-line tool for interactive
design of PID controllers is the PID Control Laldorg [12]. It allows to optimize the controller's
parameters according to desired requirements. Baglhntage of this tool is that is requires theaJa
Runtime Environment to be run.

The MWS PIDDESIGN is intended to be used mostlythes supplementary tool for control
education. It can be useful also for those user® are looking for the tool that easily handles the
model identification from step responses, filterin§ noisy data and featureful design of PID
controllers. From the user point of view, the MWEDPESIGN does not require any specialized
software and it can be run in common Web browser.

2 PIDDESIGN toolbox

Internet version of software for PID controller ing is designed on the basis of the
PIDDESIGN toolbox. The toolbox PIDDESIGN has beavealoped at the Institute of Information
Engineering, Automation, and Mathematics at the F@TU in Bratislava [1]. The toolbox uses
MATLAB graphic user interface to determine the PIEE®IGN as visual and user friendly tool
(Fig. 1). PIDDESIGN represents useful tool for:

» asimple identification of a controlled process,
» the fast PID controller tuning using various method
» an effective evaluation of control performance gssimulation of control.

All of these tasks can be solved independentlg.thansfer function of the controlled process is
unknown, the software enables to identify the ailgd process from its step response. The idedtifie
process model can be described as the transferdonc
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for damped periodic step response wheigthe order of the systenq,is the gainT represents
the time constant is the damping coefficienD) represents the time delay.

It is possible to design P, PI, PID or PD contralléControl performance obtained using various
tuned controllers can be simply compared using lsitimn of control in different conditions of input
constraints, various values of set-point, distudeanntegral windup elimination parameter, and in
presence of the uncertainties in the controlledehod
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Figure 1: PIDDESIGN toolbox diagram
3 Web Server

Our approach is based on HTTP Socket Server thetsisd on independent open-source project
Web Server (WS), developed and published by Dirk-eoon [13]. This server executes native
MATLAB code over the Web. The server side serviseemulated in by Java package classes
java.net.* which are designed for 1/0O network communicatiofbe service in set up to process
common HTTP requests for GET and POST methodsfeamt client side Web pages. The source
code of the server consists of M-file executablepss and functions containing base methods for
handling HTTP request/response model and methadfod¢al execution of server side processing
scripts.

Standard application that uses WS consists of thaets:

1. Input template — input form is a simple HTML document. It contgialements (arrays)
used to get input data for a computational m-file.

2. m-file— MATLAB code for checking the form input data.thre next step, data are sent to a
Simulink scheme that is running. Finally, resultsigiulation data are sent back to HTML
output document in an output structure. Each midlgs all input parameters first, their
data types and dimensions if needed. To preveatsewhen processing m-file, JavaScript
form validation is applied before the data are $efw'S. This helps to avoid the situations
when user generates the data that produces erdodbe wrong format or unfeasibility of
numerical solution.

3. Output template — simple HTML output document that is displayedtesresult in the web
browser.



4 MWSPIDDESIGN application

MWS PIDDESIGN is an Internet application of the BIESIGN toolbox. Application is
divided into two independent parts: Identificateomd Controller tuning (Fig. 2).

MWS PIDDesign PIDDesign

Identification The PIDDESIGN represents useful tool for simple step-response-based identification of a
controlled process. fast PID controller tuning using various methods and effective evaluation of

« Step response data control performance using si.mulariou. of c.outrol. All of r.hese tasks can .be solved independently
il the s Ble These properties determine this tool especially for educational purposes in the courses onented on
o Pericess mbdel data the Process Control.

It 15 worth to point out that PIDDESIGN is not the platform for the executing the closed-loop

coutrol m the real mdustrial conditions. Moreover. the current release of PIDDESIGN 15 entiely

focused on the controller design i the contmnuous-time domain

Controller tuning

s PID controller tuning

* Quality evaluation The PIDDESIGN tends to be the smart tool that guwide the user through all the stages on the path
to required control performance (Not necessanly an excellent just as good. as one wishes).
PIDDESIGN would like to manage all of that time-consuming operations so that the user can
focus his attention into the control performance analysis and the final quality tunning. The
PIDDESIGN will be further developed and its abilities will be gradually extended to fulfill these
demands

If vou use PIDDESIGN. we would be happy to hear about it. Please let us know at {lubos.cirka
martin kaluz: juraj.oravec) @stuba.sk

Figure 2: MWS PIDDESIGN home page

First part offers three identification possibilgtie

1. Step response data — enables to identify the controlled process diyeicom data obtained
from the measured step response (Fig. 3);

® Aperiodic step response
Dumped periodic step response
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Figure 3: Identification: Step response data ofiape system

2. Load the data file — user cannot directly upload the data file canitaj recorded step-
response data. However, it can insert data fronata €lle into text area (Fig. 4). The
considered structure of the data is as follows fitisé column vector represents a time, the
second column vector of measured values of outpiidble, and the third column vector of
values of manipulated variable. If loaded data oy, the user can use the filtration
before identification;

3. Process moddl data — enables to identify process model with requpeaperties of transfer
function. The parameters of the model describedthgy (1) or (2) or general transfer
function (3) can be simply set (Fig. 5).
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Measured values from data file Sample data

©.2000000e+000 3.6365134e+002 4.0000000=-0032
5.2000000-001 3.6356436e+202 4.0000000=-003
1.0080280e+000 3.6362937£+082 4.00020008=-003
1.56802002+000 3.6353727:+202 4.0000000=-003
2.00000002+000 3.6363633e2+002 4.00000002-003
2.5000000e+000 3.6365299e+202 4.0000000s-003
3.00000002+00@ 3.6357708e+202 4.0000000=-003
3.50000002+000 3.6358092e+202 4.0000000z-003
4.2000000+000 3.5356048:+202 4.0000000s-003
= 4.5000000e+000 3.6363516e+202 4.0000000s-003
5.2000000e+000 3.6356410e+202 4.0000000s-003
5.5 3.63655 2 4. 083
5.20022002+000 3.6352334e+202 4.00000002-003
6.50000002+000 3.6358225e+202 4.00000002-003
7.20000002+000 3.6358259e+002 4.00000002-003
7.5000000e+000 3.6359816e+202 4.0000000s-003
8.00000002+00@ 3.6365005e+202 4.0000000=-003
8.50000002+000 3.6352745e+202 4.0000000=-003
9.20000002+000 3.6358133=+002 4.00000002-003
9.50000002+000 3.6362214e+002 4.00000002-003
y 1.2020000e+001 3.6362453e+202 1.00000002-002 y

Identification

Figure 4: Identification: Data loaded from file
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Figure 5: Identification: Process model data

The second functional part of MWS PIDDESIGN deaiwhe PID controller tuning (Fig. 6).
PID controllers can be designed for controlled pssc models with either dumped periodic or
aperiodic step responses described by the trafusfetions (1) or (2). It is possible to choose &R,
PD or PID controller and a type of a tuning methieol: simpler handling, the methods for controller
tuning are divided into two main groups: analytieald experimental methods. Various types of
analytical and experimental methods can be usecbfatroller tuning.

Calculated parameters of the tuned controller hogva in a new page (Fig. 7). Some additional
parameters are displayed as well. These are: pteesrad the transfer function; simulation settiog f
set-point and disturbance signals; and valuestefyial criteria of quality. These parameters can be
modified and the tuned controller can be so testéde presence of model uncertainty. The propertie
of the closed loop with the tuned controller canabalysed by simulation of control. The result of
quality evaluation of control is shown in Fig. 8.

More details on the identification and controllening can be found in [1].
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Figure 6: Controller tuning (with sample validatifmmm)

Controller parameters Process model

Setpoint w(t) Disturbance r(t)

Simulation paramters  Integral criteria

Figure 7: Controller, process model, and simulagiarameters



Quality Criteria

Closed-loop step response Control input

MV u(t) without constraint
—— MV u(t) before constraint
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Figure 8: Quality evaluation of control

5 Conclusions

Compared to the original PIDDESIGN toolbox [1], the#ernet version MWS PIDDESIGN
make can be used from any place with Internet aitidowt any software dependences. The MWS
PIDDESIGN application is an open system. In theirfeit we plan to extend our application by new
features (identification of stochastic systemscads control, etc.).

Both versions (toolbox and Internet version) aeelfy available for academic research. The
MWS PIDDESIGN homepage can be foundhtp://www.kirp.chtf.stuba.sk/~cirka/mwspiddesign/
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