_ st tuess L

Implementation of a Visualization Tool in
MatLab for Structural Analysis of Complex
Processes

Pablo Fernandez de Dios

Master of Science
Computer Science and Engineering

Luled University of Technology
Department of Computer Science, Electrical and Space Engineering

LLLLLL
UNIVERSITY
OF TECHNOLOGY



Implementation of a Visualization Tool in MatLab for
Structural Analysis of Complex Processes

Pablo Ferandez de Dioscfeivol.82@gmail.corn


mailto:feivol.82@gmail.com




Preface

This thesis has been developed at Lulea Tekniska Uniee(kiEU) Department of Computer Sci-
ence and Electrical Engineering with the supervision of idigCastaio and Assistant Professor
Wolfgang Birk.

| met them before my journey at the LTU started. | was told thaty were looking for some
students to develop some work related with their researgecifically, a tool related to visual
analysis of control structures.

This tool was intended to be a part of the MeSTA research gr¢Methods for structural con-

trol optimization in pulping), which is being conducted lwihe help of several pulp and paper
industries. One of them was SCA Obbola in Umea (Sweden) se/hiata was part of our re-
search. Besides, Mechanical Engineering student JesigsaGaonzalez helped me out with the
development of the tool, carrying out all the tasks relatéith ¥he theoretical and mathematical
implementation. All his work within this project is being Iplished in a different Master Thesis
report.

The MeSTA project needed an environment, in MatLab and Sitkulvhere their results could be
implemented (Castano and Birk, 2009). The scope of that waskthe research of new methods
to analyse and visualize complex processes, regarding ¢asume of interactions between vari-
ables. They had previously developed algorithms to caledhose interactions and some MatLab
data structures that were needed during the research.

| would like to thank Wolfgang and Miguel for their invalugbhssistance throughout each and
every stage of the project. Without their knowledge and gany sense of duty, this thrilling
experience would have been less significative and edueatidrnvould also like to express sin-
cere gratitude to Jests, who supported me anytime duringtayyin Sweden and performed an
incalculable labour during the project. | woould also likethank Dr. Fredrik Bengtsson for the
latter technical revision of this document. And last but leaist, | express my warmest thanks to
my family and their daily support and concern while | wasriyithis unforgettable experience far
away from them.

Thank you.

Wednesday 188 April 2011






Abstract

The present thesis describes all the work carried out in éveldpment of a graphical user in-
terface (GUI) and the data storage structure of a Visuahzalool over MatLab and Simulink
platforms. The tool was intended to solve some industriat@sses management issues, such
as the modelling of the physical structures according téuitstional analysis, the definition of
complex processes and so forth.

The motivation of this work was the lack in the current Stédtthe Art of a tool for the manage-
ment of complex industrial processes. Such processes oftesist in the management of a lot
of system variables: value references, control signdldss.then necessary to develop a software
tool that eases the work of the engineers and implementsgis of the principles extracted in the
previous work of the MeSTA (Methods for Structural Contrgdt{nisation in Pulping) project.

The background of the problem has been studied in order terstaihd the needs of the indus-
trial research community. For such purpose, a first requergsanalysis was done by performing
brainstorming meetings among the research group and thstiygoartners of the MeSTA project.
The work then was divided in two main tasks; First, the dgwelent of algorithms for the process
control structure calculation, when all the involved tf@ndgunctions are given. The outcome of
this assignment was a MatLab function library and a briet8ation for its use in the graphical
interface and connecting it to the application data. Sectiredimplementation of the user inter-
face using the Simulink objects library, which was latermected to the code before related. The
present thesis depicts the results of this last task.

As mentioned, the implementation of the tool was made in Matand Simulink, combining the
already existing Simulink functionalities with the desir@ata maintenance. A graphical analysis
interface, representing model’s structure, was develope®SG standard representation of some
objects had been as well developed, in order to create a mbdglant. Afterwards, some simple
processes were built and successfully tested and analyxea result, the graphical interface
provided visual information of the transfer functions thedre possible as well to be submitted by
the user.

In addition, another important feature was developed: thecwire layers. In order to bring

the tool the ability of separating graphical informationtié model from the control and signal
structure, an utility for the user, hiding and showing thedelacomponents, was written. Another
interesting feature was the possibility of importing ang@ing the models, in order to provide
an easy way to share the results among the technical profedsi
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Chapter 1

Introduction

1.1 Problem statement

In modern industry, complex processes are hard to study amdtam by the technical staff in
factories and processing plants. A lot of information mayeh# be taken into account, several
hundreds of variables (from sensors, actuators and refes¢are available and must be controlled
and, what is more important, the intrinsic work of the comgmis are often unknown for the
engineers.

For instance, paper plants are formed by many differentga®es which, together, transform the
raw material (wood) into paper. Considering all the proesdbat take place in an industrial plant
as a whole, one can visualize a very complex process (Elketdif., 1995).

However, there are not many tools that allow the engineeamétyse a plant as a whole, unique
entity. The main goal of the MeSTA project was to bring theieagrs in a production plant a
tool that helps understanding the consequences that shaalges performed in one part of the
process might produce over the rest of the variables andmypbwer the directly related ones.

The objective of the MeSTA project (MeSTa project consonti2009) is to develop robust and
reliable methods for structural analysis and optimisasiorthat these methods become reliable
and sufficiently robust to be automated and packaged ints.tddsing real time process data
combined with process knowledge from the pulp refining, tasions on how methods for struc-
tural analysis and optimisation need to be designed, sdtikae tools become available to ICT
companies and plant owners. This is achieved through ctoggeration with the industry partners
and their pulping plants in operation.

The problem that the tool created in this project tries toves@ome problems presents in the
plant. Several meetings with engineers of the SCA Obbolampalant were held. Their testimony
was that sometimes, for no particular reason, somethirgsst@rking. However, due to previ-
ous organizational problems, they did not have an easy wagrtomunicate between the process
engineer, the control engineer and the workers in the plaahsequently, they encountered dif-
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2 Introduction

ficulties fixing it and that is why it was decided to develop altwhere they could easily 'draw’
the plant, the variables in it and the interconnections betwthem.

The idea was to create a system based on MatLab and Simulimkigh engineers could get a
'simple’ view of the whole system and where the problems &edchanges to be made could be
identified. This first implementation requirement introdsi@ series of functional constraints that
will be later on discussed. The development of the VisutibraTool is also broken down into
two isolated but strongly related work lines:

e The implementation of the results of the previous theoattiesearch made within the
MeSTA project

e The analysis, design and development of the graphical nsenface and the data storage
structures in MatLab and Simulink

The contents of the present Thesis are related with the sisatievelopment and conclussions of
the second one.

1.2 Previous results

The basis of the Visualization Tool lies on the theoretiealts provided by the research on brain
connectivity applied on complex, multivariable indudtpeocesses (Castano and Birk, 2009) and
the concept of Dynamic Relative Gain Array (DRGA) (Castand Birk, 2008). These results
provides methods for finding out the best control structoreafgiven process and introduces a
series of equation systems. Some Interaction Measurehareirt defined, such as tlsruc-
tural Dynamic Power Transferthe Structural Energy Transfethe Functional Dynamic Power
Transfer theFunctional Energy Transfeaind theSquared Directed Transfer Function

On the other hand, the control structure selection is ctiyrdrased on the knowledge of the
process. However, some traditional interaction measueesften used, being the most common
ones the RGA (Relative Gain Array) and others based on thealtability and observability

Gramians ((Bristol, 1966) and (Skogestad and Postletkwdi®96)).

1.3 Obijectives to be met
The goals for this project were:

e Create a user interfacebased on MatLab and Simulink allowing the user represeittiag
model of a plant or a simple process. The tool should haveefirextl objects (such as
sensors or actuators) that can be used to get an SSG stamslarf the processes.



1.4 Layout 3

¢ Implement interaction measures In the tool, the user should be able to define variables
related to the process (pressure, flow, height, etc.) amdesigblish the relations between
them. These relations may be implemented as transfer ngc{time domain equations),
either discrete or continuous.

e Implement MODDE Data. MODDE is a package developed by the Uppsala University
and it is used in several heterogeneous industrial compaannification. The staff at
SCA Obbola proposed to include it for representing the dhtained in their plants.

e Simulation. The tool should also run the process in a Simulink model.

e Find the control structure. Given the inputs and outputs of a system, the tool shoutd als
be able to identify which kind of control structure is beirgged in the process, if any.

1.4 Layout

This thesis is divided into several sections, starting g/ahe, where the motivation of this project
is introduced. The reader will find in the next section a listemuirements extracted from prior
research and interviews with the interested partners di#®TA project, as well as from the per-
sonal experience of the supervisors of the project. Alsdditions of the development framework
(MatLab and Simulink) are addressed. Following next, the dtorage issue is analysed and a
classes design is depicted, as well as a series of intergamotidns that will be used in order to
access the data layer of the tool. Furthermore, a largeoseetiplains the most important design
lines followed to build the tool. This includes, among o#)¢he main ideas that came up during
the work to meet the initial requirements, a basic referéadbe Simulink objects and callbacks
and the design of the main parts of the tool. Later, the mamaeted conclusions and a discussion
of the results are given, including a survey of the initi@lugements that were finally met and a
discussion on why the other objectives could not be achiekathlly, future work to be done is
described and a discussion on how the results can be improgacen.
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Chapter 2

Analysis of requirements

It is important, when developing a computer tool, to setike wser requirements from the begin-
ning. The final result may meet all the needs of the user (@eamtla reasonable subset of them)
and has to be usable. In this chapter, a summary of the maiireatents of the tool, from the
point of view of the user, will be drawn up.

First, the methodology used for the user requirements gatheill be introduced. Afterwards, a
comprehensive set of requirements will be listed. Firstliplaa approach of the technical issues
related with the visualization programming, such as thenelgs that has to be drawn and the
parameters to be defined, will be given. Finally, a set of irequents related with the analysis and
visualization will be described.

2.1 Getting the requirements

One of the first steps to be followed in order to understandtwiha to be done in a complex
project is to gather the user requirements. Several kind ethadologies are available in the
literature, from the requirements analysis performed hyeexgroups to an informal interview
with the final user. It is important as well to establish a ggothmunication channel with the
users, since they provide the most important informatidarrimg to the usability of the tool.
Furthermore, requirements usually change through time,idwpart to the lack of clarity that
the final abstract objectives present in the beginning aedukzy understanding of user’s needs
(Sutton and Hargadon, 1996).

One of the best methods, the face-to-face sessions, watelusag the research and development
of the Visualization Tool. Several partners of the MeSTAjgcb were called for a meeting, in
which the point of view of each of them would be discussed. &iristorming session took then
place, using the well known Post-It notes and dashboard adefhiGiano et al., 2006). As a
result, a large set of requirements, from abstract to exphere gathered and put into analysis.
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6 Analysis of requirements

2.2 User requirements

Model definition requirements

Requirement title Description Code
System elements The tool must bring to the user the possibiljtyp0
of designing the system structure using Variables,
Components and control and signal Structures
Components User should be able to create, modify and remp{z®.1
components into/from the model at any time
Custom components User should be able to easily define customizéaD.1.1
components
Existing components User should be able to use components already @#.1.2
fined in the Simulink library and bring them to the
model
Components properties| The user will easily access to the properties of [tli20.1.3
components, being also able to modify them

Variables User should be able to create, modify and remp{a9.2
variables into/from the model at any time
Unique variables Variables will have a unique name within thd0.2.1

model and several kind of them must co-exist
Color and type of vari{ Each type of variable will be associated, by stai0.2.2
ables dard, with a color:

e Measured variables> Green

e Control variables— Red
e Disturbance variabless Yellow
e Reference variablesy Blue

e Estimated variables> Orange

Linking variables The user should have the possibility of linking 0.2.3
variable to a component or leave it independent
Linking components and The user should somehow know which componeb0.2.4
variables is linked to which variable

Continued on next page




2.2 User requirements

Table 2.1 — continued from previous page

Requirement title Description Code
Variable simulation in4 The user needs to save some simulation inforn20.2.5
formation tion on each variable (see Chaptér 6):

e Saturation: the minimum and maximum

values which can be taken by a certain vari-
able. Only defined for measured and control

variables.

Working point: the value where the vari-

able will normally fluctuate around. Onl

y

defined for measured and control variables.

Range: defines the interval in which the
variable normally fluctuates. Only defined

for measured, reference and control vari-

ables.

Transport delay: is the elapsed time duri

ng

which the value of the variable must persist

at an input stream in order for a change
appear at an output.

to

Rate limiter: is the relation between the

change ratio and the time. Only makes se
for measured and control variables.

nse

Variables signaling info

Just for control, disturbance and reference v
ables, the user must be able to choose which kind
of signal source the variable will take as input s
nal. The user can choose among one of:

Ramp: specifying its slope value.

AD0.2.6

g_

Step: specifying its values before and after,

as well as the time lapse between the uprz
and the downfall.

Sinus: needs frequency and amplitude
rameters to be defined.

Other: the user must be able to define
other input function, for instance, by spe
fying an existing Simulink block as an inp
source.

ise

Continue

d on next page




Analysis of requirements

Table 2.1 — continued from previous page

Requirement title Description Code
Variables description The user should also be able to store a brief |d80.2.7

scription for each variable

Component deletion

system

When a component is deleted, its linked varial
(if any) will not be lost, that is, will remain in the

|€30.2.8

Control and signal struc- The user should be able to define the control

tures

signal information of the model

AimD. 3

Control information

Each control block has a typical control structu

nal, which must be graphically defined

with its set point, measured value and control s

réy0.3.1
ig-

Signal information

It must be also possible to define other signal
ues like the values of the estimated variables,
ther expressing it with an equation or graphica
using function blocks or similar

dD0.3.2
ei-
ly,

Signal spare from con

- Control and signal structures are compliment

afy0.3.3

trol to the definition itself of the model, meaning that
they must not be merged

Modularization of the The work should be possible to be split, as in {H20.4

work factory blueprints

Definition of the model | The user needs to define the system model, eittizt
by the transfer function or the state space forms

MIMO systems The tool must be capable of managing MIMO sy€$31.1
tems

Simulation parameters | The tool must be capable of managing the simulB-1.2
tion parameters (see Chaptérs@mple timeand
bothinitial andfinal time of simulation

Input and output simula- The user should be able to choose the sigh&d.3

tion for the simulation scopes. That is, which input
and output variables simulation values should be
shown

Layering The user must be able to define layering grouds2

that is, different sets of elements of the syst
structure that could be independently hidden
shown in the graphical interface

em
or

Layers definition

The way the user can define a layer must be
simple as possible, being able to move a com
nent/variable from one layer to another

» B2.1
po-

Layers names

The user must be able to assign and change
name of the layers at any time

2.2

Layers deletion

Although the user should be able to delete a la
its deletion does not involve removing the comy
nents/variables that are assigned to the layer

y&2.3
DO-

Continue

d on next page




2.2 User requirements 9

Table 2.1 — continued from previous page
Requirement title Description Code
Control layer Appart from the layers defined by the usesér | D2.4
layers), a special kind of layer, theontrol layer,
one for each control block in the system, must also

exist

Layers coloring Both control and user layers must be drawn in ¢i2.5
ferent colours

Exporting/importing The tool must provide a module for exporting/imb3

porting the data. This way, the user will be able to
share the work among them colleagues and move
it to another computer

Table 2.1: Model definition requirements of the Visualiza-
tion Tool

Analysis and visualization requirements

Requirement title Description Code
Analysis The application must compile all the data suppljefvO
by the user and perform the structural analysis|us-
ing the methods developed in the MeSTA project
Analysis data storage | All the data related with the structural analysi8Vv0.1
must be stored in the tool and recovered each fime
the model is loaded

Control structure The tool should be able to identify which kind pAVO0.2
control structure is being used in the process (see
SectiorL.B)

Visualization The most important objective of the tool is to showv1

to the user, in the most suitable manner, all the
results from the structural analysis
Interactions significance The visualization module should include a grapiv1.1
ical interface with the representation of the signif-
icance of the interactions between variables
Frequency domain anal-The visualization module should include a grapiAv1.2
ysis ical interface with the results of a frequency do-
main analysis, at user’s request, of the relation |be-
tween variables
Method and data sele¢-The visualization module should bring to the uset®v1.3
tion the capability of selecting the method to be used
and the data that will be shown in the visualization
interface

Continued on next page




10 Analysis of requirements
Table 2.2 — continued from previous page
Requirement title Description Code
MODDE data The visualization module should include a graphAV1.4

ysis (see Sectidn 1.3)

cal interface with the results of the MODDE anal-

Simulation data

tion (see Section 11.3)

The visualization module should include a grap®Vv1.5
ical interface with the results of the model simulja-

Table 2.2:
sualization Tool

Analysis and visualization requirements of the V

2.3 Survey on limitations of the development framework

In this section, a brief overview of the difficulties that seoduring the development of the tool,
due to the implementation limitations of the MatLab and Sintuplatforms, are presented and
contrasted with the above defined user requirements. Algbads to address and solve these
limitations are discussed, although further implemeatatietails can be found on Chaptér 3 and

Chaptef 4.
Requirement | Limitations Resolution approach
code(s)
DO There is no suchomponenandvari- | Special kind of block libraries should
ablekind of elements in the Simulink be created
object libraries
DO0.1, D0.2 Information on a component/variabldnformation on a component/variable

cannot be stored in the object itselfshould be stored in an alternative data
since Simulink does not allow to cre-storage path

ate user-defined fields

When the name of a block is change&uch actions should be detected and
or the component is deleted/addeproperly treated through MatL atall-
from/to the model, information onback functiongsee Sectioh 413)

existing blocks remains in the data

structure

Continued on next page




2.3 Survey on limitations of the development framework

Table 2.3 — continued from

11

previous page

Requirement
code(s)

Limitations

Resolution approach

DO0.1.1

Blocks are not easy to define. ApparProvide the user of a graphical API

from custom parameters, the pictu
within the block must be also prg
grammed on MatLab plotting fung
tions

réor the icons of the blocks. Copy
-and paste an existing block from
-the library and modify it (see Sec-

tion[4.2.3)

D0.1.2

Simulink blocks does not have a definstead of letting the user drag and

inition of the needed parameters
interact with the Visualization Too

talrop a Simulink block into the model,
.identify which blocks are most used,

Besides, callback functions are 'voig’copy them into the Visualization Tool

library and adapt them to the interface
specification

DO0.1.3

When accessing to a block attribute$rap block’s opening callback and

(by double-click over it) Simulink

open a custom dialogue instead, with

only shows a typical set of tabs andhe parameters of the component

fields

D0.2.8

When storing variables as contentStore variables information indepen-

of their linked component (container

) dently from the components

removing a component leads to a cas-

cade deletion of the variables

DO.3

No such way in Simulinkto implef

ment these concepts

Create both control and signal inter-
faces definition, as follows

D0.3.1

Set point, measured reference and
control signal will be defined by vari-
ables or a combination of compo-
nents and variables flow diagram,
connected to a special control com-
ponent with three special input ports
(see AppendiX_A). This feature is
complimented with the layering sys-
tem (see Sectiofl?)

D0.3.2

Appart from the graphical expression
commented before, estimated vari-
ables should provide a special param-
eter for the mathematical expression
of its value

Continued on next page
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Table 2.3 — continued from

Analysis of requirements

previous page

Requirement
code(s)

Limitations

Resolution approach

D0.4

Simulink does not allow to break
model down into several

aDevelop a hierarchy of models, using
the embedded block definition func-
tionality of Simulink (that is, the inte-
rior of a block can be defined as an-
other independent, embedded model)

D1

Although a model can be defined intdMaintain internally the model defini-

MatLab expressions and function
this cannot be linked with a specif
Simulink model

stion data and link the algebraic vari-
cables with each component/variable
of the model

D1.2

Simulation should be independent
managed (that is, it iS not poss

ble to directly simulate the model in
Simulink) and thus simulation param-

eters cannot be defined by the regu

Simulink simulation engine interface

WCreate a dialog for simulation data
iimanagement

lar

D1.3

Given the limitations orD1.2, there
IS no existing way to define the set
input and output simulation variable

Add to the dialog these parameters
of
S

D2

It is not possible in Simulink tg

Remove and add the object at request

show/hide an object in/from thefrom/to the model

model

When deleting an object, the relatedetect and interpret bothser dele-
callback functionsare executed andtion and hidding deletioncases and
thus the object is actually removedreat the situation accordingly, i.e. in

from the system

Itis not possible to reference to a co
necting line (i.e. a connection bg
tween blocks) in a Simulink model

the second case change the value of a
hidden/showrilag in the component

nuse the information of theobject
2portsinstead and store it as well when
hidding it. When showing it, recover
the information back and draw the ex-
isting lines

D2.1

Since layers will be developed for thidmplement a dialog for the creation of

project, Simulink does not provide
way to define a layer and show i
properties

aa layer, including its parameters
(s

D2.2

Since layers will be developed for th
project, Simulink does not provid
a way to automatically detect lays

dmplement this feature, showing a
ewarning to the user in case that the
emame of the new layer already exists

names duplicity

Continued on next page
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Table 2.3 — continued from previous page

Requirement
code(s)

Limitations

Resolution approach

D3

Neither MatLab nor Simulink prot

Implement a dialog where several

vides functionallity for exporting pant models can be selected and a function

of a model

which creates a Simulink model file
(.mdl) with the blocks and data struc-
tures filtered from the previous dialog
(see Section 314)

AVO, AV0.1

As commented before, Simulink dogesmplement a dialog where trans-
not provide a specific dialog withfer functions could be defined and
which dynamic data of the model carstore them into the model (see Sec-

be defined

tion[4.2.2)

AV1.1

Structural analysis is graphicaly detmplement an independent dialog (vi-
fined as a graph of variables andualization figure), where structural
edges among them, with differepinteraction analysis is shown, us-
width and colors. These kind of aring the drawing fucntionalities of

rows cannot be directly drawn into
Simulink model

aSimulink and MatLab (see Sec-
tion[4.8)

Table 2.3: Model definition requirements of the Visualiza-

tion Tool
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Chapter 3

Data storage design

3.1 Classesin MatLab

This chapter describes how the storage system of the tootlesigned. In order to interact with
MatLab commands, the easiest way is to define MatLab clagsesise its instantiations (this
way, MatLab can be viewed as an object-oriented language).

A class is an abstraction of an object’s structure; that defaition of attributesand methods
An object encapsulates the data of an storage unit, such@sponent or a variable in this case.
Once defined a class, the developer can then declare andaesvéit, calling itsconstructor
with the proper parameters. The constructor set the irntiales for the object’s attributes and
return an object of the above-mentioned class. A class cataicoanother instances of classes
(compositionor can inherit its methods and attributes from the so-dalieer-classriheritancg.
Besides, the methods of a class carpbieate (only accessible from inside the class’ methods) or
public (accessible from everywhere).

MatLab provides a development environment in order to eraaimple classes definition. Each
public method of the class, constructor included, shall loétem as a m-function (MatLals-
functiong with the same name, inside a folder named @class name. Tsrgotor must have
the same name as the class and must implement at least at @efastiuctor version (that is, a
way to calling it without any argument). Besides, the me#hwduld be written under a subfolder
of the class namegbrivate

3.2 Classes definition

First, a diagram of the main classes will be drawn in orderdscdbe how the tool stores and
processes all the information needed to build and analysedeinThat section presents a class
diagram with all the classes and all the relations among tfiertwithout the fields and methods

15



16 Data storage design

declaration, for a better resolution). Later on, an aunilidass,hashtableused as a fast storage
and access container, is explained. At the end, on AppéndikeBmain fields and methods are
depicted in a tabular way.

3.2.1 Main classes definition

From the requirements extracted in Chapler 2, some reselts analysed, like which entities
could be the best candidates for defining a class. Normatligss must gather a set of properties
strongly self-related, as a class must be self-contaired i&, all the necessary information for its
definition must be stored into the class itself). As for itdmoels, they have been mainly designed
in order to access the object’s information (attributesgtal and write data. The identified classes
are shown in Figure 3.1.

0..1

3 1
scenario

0.4*0 0..% 0..*‘ 0..*‘
0.1 0..1 - 2
layer [0.1 __ _ > component ___ 0.*| variable < ___0.x| edge

0.*

layer_block O< o[ layer_line }'*-

Figure 3.1: Main classes relations

One of the requirements in Chaptér 2 was the modularity ofldsgned systems. Therefore, the
work will be split into different Simulink models, each onered into different Simulink blocks.
This information will be maintained within acenarioobject. That is, it will be responsible of
storing its components, variables, layers and so on. Thieigsoot class for the rest of the classes
(compositiorof classes), that can be obtained by usingstenariomethods.

Everything is stored via containers, some classes contamn being contained into others. Fig-
ure[3.1 also shows the dependency between elements witmtention relation. In that case, the
dependency relation also stands for a strong life cycle midgecy between the elements. That is,
in this case, if &componentnstance is removed, then any relatediable instance should be as
well removed.
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3.2.2 Thehashtable class

The hashtableclass is a general purpose one, used for storing multiplectdbjn a list of(key,
value)pairs. This class was not included in Figlire] 3.1 since it &sent in almost every other
classes. The main advantage of this kind of data structuhaighe access to its fields is speeded
up by its internal mechanism: a uniqley identifying each element of thbashtable The
hashtablecontains itself a certain number btickets each containing a list of elements. The

relationkey < bucket is bijective, thanks to the so-calléésh-functiona function with a string
as input and an integer as output.

The default method used by thash-functiorof the class for the calculation of the corresponding
bucket number for a key is to transform this last into an iated hen, it calculates the module
resulting from the division between this last integer arglttital number of buckets in the table.
At this moment, the object knows where to store the value.hHist of a hashtable buckeis

implemented into another clasgshlist each of them using another o@shcell In Figure[3.2
one can graphically see how it works.

—

/ hashtable
. ) 0 ||aaaa|| .
insert("aBBa", obj) hashlist

1 Ilbbbbll P
hash("aBBa") = 3

2 7 hashcell

3 ["bbAA"[ [5"aBBa"; obj =

Figure 3.2: Graphic example of howhashtablevorks

3.3 Data storage and accessibility

3.3.1 Simulink storage system

First, the reader might be interested in how the graphicab8nk models (note here the difference
between aSimulink modebnd aprocess modelstrongly related in this project) are stored. A
model, consisting in several blocks (including as well $inext labels. . .), is self-contained into a
file with the extension .mdl. These models information caadmessed through a Simulink object
and, subsequently, all of the blocks previously mentionedcansidered as well as Simulink
objects. When the user double-clicks over the block in tineuBnk user interface, a new window

is opened (from now on, this will be referred asubsystem There, the content of the block can
be defined, as if it was another Simulink model.

All objects in Simulink can be accessed through the MatLalkebgment framework by its unique
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name, consisting by the absolute path string from the maitet(e.g.:/mainmodel /block1/ sub_block2).
The programmer can read and/or write the data into the oppaeimeters using the overloaded
methodgyetandset(e.g.:name = get(’/mainmodel /block1/sub_block2'| name")).

3.3.2 Accessing thacenario class instances

All instances of the above explained classes are createdgndated on real-time, but they have
to be stored somewhere in order to keep the database petsitee aim is to have everything
arranged together on the same unit and the easiest way gt $ato the model file (main.mdl).
Each model designed, as explained later on in SeLtidn 4idkéxd with one and only ongcenario
object, which contains all necessary data. UserDatamodel object parameter can be used in
order to store any kind of object. Aashtableobject, calledscenarios containing allscenario
objects of the main model, will be stored into that parameter

There have also been programmed a set of interface functiool aset scenaricandget scenariq
in order to access thisashtableobject to save and load, respectively, a cersaenarioobject.
This way, the data is accessible from any point in the code.

3.4 Importing models

From the user requirements and personal advice of the ms@arehers, an important detail was
also specified. Since the models developed during the gn@eearch and tool design stages were
going to be shown to the partners in show case meetings (8t tocperform assessments of the
tasks), it is important that the models could be moved fromlonation into another. That is, the
designs made by a developer should be transferrable inféegedit workstation, in order to share
the results, the analysis and the conclussions. This eagualso strongly recommended for a
working version of the tool, since control management orehu@cesses are often performed by
more than one person. During the development of this Thisigs stated that exportation and
importation of individual submodels should be sufficiestJ@ang as the data in both original and
copied versions will be not compromissed. Therefore, thesrd a new graphical dialogue and a
function for importing one or more submodels from a Simulimidl| file into another arose. This
new dialogue can be seen on Figurd 3.3. The needed infomiatio

e The path for the original .mdl file. Although sharing all thedels in a .mdl file is not
the most practical approach and confidentiality could bepromissed, this solution was
considered to be sufficient and avoids the creation of theptiomentaryexportationtool,
which would have made everything much more complicated.

e The names of the original .mdl file submodels which will be ortpd. This is done by
providing the user of a list with all the submodels in the oréd .mdl file. The user would
choose among the desired importation source and the tramstdd take place only with
the objects resulting from this filtering.
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fhome/fel/Documents/Thesis /VisTe

Quadruple_tank |«
mine_process

pepe
stock_model

Figure 3.3: Importation dialogue interface

3.5 Structures updating

In order to simplify the needs of the tool to be executed (ibathe user may need to acquire
new software) and the impossibility of building a structuteol (such as a layeredterface-
business-dataystem), a proper database environment is not being usktheahformation is
stored directly into classes instances. That means thatteamge made on the definition of a class
will result in a partial lose of information from the old imstces. That is, the objects originally
created over old classes definition will be no longer consididy MatLab as instances of such
a class (it will be considered as genestcuct objects instead), becoming inaccessible by its old
methods and being discarded.

In order to deal with this issue, a functionality callsluctures updatings also included. This
function transforms all the instances of old classes stiotech Simulink model into the new ones.
This way, while the tool is being developed and is likely fbanges to be made, the user can keep
on working with older versions. When the classes are modifieduser just need to rgtructures
updatingto cast its old instances into new ones, without any lossfofimnation in the way.

The function works as follows:

e Read thescenarios hashtablieom main.mdl.
e For each scenario object contained on it:

— Transform it into a structure.
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— Create a new structure with the same attributes of the lassalersion as fields of the
structure.

— Copy each value from the old structure to the new one. For tilbes, just set the
default value.

— If an attribute of the old structure is a class instance, eiorm thestructures up-
datingagain into it. This way all the class instances will be updaezursively.

— Transform back the new structure into a class instance. i$hmsade by calling the
constructor of the class and passing it the structure asaanaer (each class must
have then this kind of constructor interface implemented).

e Update the value in thecenarios hashtable



Chapter 4

Programming the interface

In this chapter, the main ideas that came up during the woslolee the initial requirements are
explained. A basic reference to the Simulink objects willfiogt presented. Afterwards, some
GUI behavioural issues are addressed and the found sdudi@ndiscussed. Later on, a listing
with the Simulink callbacks that were used for the inte@tivith the user is shown and, finally,
the design of the main parts of the tool is explained.

4.1 Accessing to the Simulink objects

In Simulink, the developer can easily gain access to almmsbhject: a block, a line, a figure. . ..
Each of these objects has a certain numbgrashmeterslike its Nameor its Position These
and other properties can be tuned by the developer (colowleh appearance, font and so on).
In order to access to the properties of an object, the progemmeeds ithandler, which can be
either a character string with the absolute path of the oljjeche case of the Simulink model
objects) or a real number (in the case of the objects in a figure

The majority of the objects here designed have attributeseddandleror h, i.e. a handler to a
component, a variable, a block. . . This is how one can gaiesstio the objects, in order to delete,
create and modify them.

4.2 Some design issues and solutions

Programming with MatLab is a tricky task. The provided depehent environment is not in-
tended to create versatile applications and many objectaa never be achieved. Furthermore,
the MatLab m-files structuration is difficult to maintain. rRbis reason, is impossible to build a
typicalinterface-business-data accesggplication. In these terms, it can be said that the interfac
layer are covered by both the Simulink object callbacks aeddrms developed using the GUIDE

21
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development environment. The business layer is identifiddtve different m-functions created,
in order to modularize in some way the implementation of tdw.tFinally, the data access layer
can be identified with the classes design, stored into thellBimUserDatamodel parameter, as
explained in Section 3.3.

This design method has many disadvantages for the futusdajament, since the future program-
mer needs to understand where is the code that needs to bedaaorder to change or add any
feature. The first thing that one should understand is thettyélving is after a Simulink callback.
From this point, a function is ran, several classes instamare accessed and, as a result of this,
some actions are performed. It is strongly recommendedk® ddook to the classes attributes
and methods annexed in Appenfix B. Finally, all the code isroented in order to explain what
it does, so the developer can use it as a self-helping guide.

4.2.1 Positioning the variables in the model

When a variable is created, its representation in the Sirkutiodel is positioned above the asso-
ciated component’s block, if any. In order to avoid the oapihg with an existing variable block,
itis needed to keep track of the current position of the ret@variables in the model. Actually,
what is really needed is all tiep andleft position parameters of the variables in the model, since
all of them have the same dimensions. That is, two sets stot@thetop andleft attributes of the
scenarioclass. Each of them is an instance of tashtableclass, with the name of the variable
as the key index and the value of the positioning paramettreagalue.

Each time a variable is created, the corresponding fundores a new pair (top, left) into the
scenarioinstantiation. When a variable is moved in the model, thedaes are updated by a
function, initiated within a callback. This way, the nextg a variable is created, all the existing
variables positions are quickly accessible.

Based on this information, thgosition nextvar(componentjunction calculates the most suitable
position above the component associated with a variabkeighaeing created. The method is
simple: looking into a certain range right above the compoffeom the left-most side and never
below its up-most edge or above this last position plus thghteof a variable, as shown in

Figure[4.2.11), the function calculates the most suitabktjpm to place the new variable block.
For more information, it is recommended to take a look at thecfion implementation in the

code.

o

oL

Figure 4.1: Range where a new variable block can be located




4.2 Some design issues and solutions 23

4.2.2 Models and interactions

In Sectior 4.5, the basic functionalities of the interacfiigure are explained. One of its features
is to show the interaction between variables and the systedehto the user. Is for this purpose
for which theedgeclass was designed. An edge can be viewed as a relation oflsncheetween
two variables. There is two kind of edges in the interactigorie:

e Interaction edges those described by the results referenced in Secfion 1.2.

e Model edges those given by the transfer function or state space forniseatk between
variables.

It is needed to define where and how all this data will be sto&dce a model can be defined
as a MIMO system (that is, with several inputs and/or sevaugduts), edges cannot establish a
bijective relation among variables. Thus, both the inteoacinformation and the model edges
should be separately stored. The solution is to usestigeclass to store the data of an inter-
action relation (outgoing and incoming variables, width. and add aeferencefor the model
(an instantiation of thenysystentlass) with which it is related, if any. On the other hand, the
function models are stored infeshtablgimodelsattribute in thescenarioclass), where the key
is the above mentione@ference(tag attribute in theedgeclass). This way, if two variables are
related in anysystenobject, anedgeobject should be instantiated in teeenarioclass with aag
referring to an object in thenodels hashtabldf there is no interaction between the variables, the
width (sign attribute in theedgeclass) will be 0. If there is no model relating the variabkbs
tag will store a void value. If the model is MIMO, severatigespointing to the samenysystem
instance should be created.

4.2.3 Drawing block icons

The requirement of providing freedom to create a model tautes raised the need of creating a
custom blocks library. The tool should have one door opeffuiire development, including the
creation of new blocks. Furthermore, blocks’ icons havedaaitawn in two different interfaces:
in the Simulink model and in the interaction figure. For thisgose, an interface for the icon
drawing system has been created, as shown in Ligfing C.1.

In order to create a custom block in Simulink, one has to et#leeady existing blockSubsystem
This kind of block has a group of special characteristictha be accessed by thask editor In
Figurel4.2.8, the icon mask for the Purgpneral component is shown. There are three important
sections:

e Icon: here, the code needed for printing the component icon ikemti The programmer
can use previously calculated component parameters, buadaw drawing functions are
supported.
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e Parameters here, the developer defines the block parameters. Two of #re defined in
each block:OldNameandDrawFcn

The first is a copy of the current block’s name. When the usangés it, the previous name
of the block is needed, in order to access to its data. Thiied in this parameter and
when the real block’s name is modified, the change affectpan@meter, after being used.

TheDrawFcnparameter is the name of the function that calculates theevafl the param-
eters used in thecon section.

e Initialization : in this section, three actions are performed each time ppearance of the
block is changed:

— Set the value for thBrawFcnparameter with the name of the drawing function. Each
drawing function, as shown in Listiig .1, accepts at leasgbiments:

x X1, yl, x2 and y2 the x and y axes drawing limits.

x P: boolean value specifying whether the function shouldgrenfthe block-specific
drawing function after calculating the needed parameté&rega or just return
these values.

x r: orientation of the block (depending on how many degreesrivtiated).

« color: the colour with which the lines should be drawn (can be eiki&ck for a
normal block or other for a layer block).

Other arguments can be supplied, when more informationadextby the icon draw-
ing function.

— Get the needed arguments for the drawing function. This ideray calling the
draw_paramsfunction, which calculates the x and y axes position whegedbn while
be drawn.

Within a block, the icon is drawn in an area where the left apttid edges are 0. The
right and upper edges are equal to the width and height, cteely, of the block (in
pixels).

On the other hand, when an icon should be drawn in the interefigure, its absolute
position within the model should be supplied. This way, thedute reference changes
and thedraw_paramsfunction is responsible of the proper calculations.

This function accepts, as well as the handle to the block,adelao argumentp). If
the value igrue, the function calculates the drawing limits for the inteiaa figure.
Otherwise, the values for the icon block area are calculated

draw_paramsalso retrieves the rest of the previously explained parametues.

— Execute the drawing function with the previously calculigtarameter values and store
them into the mask workspace, in order to be used when thasdwoging drawn.

4.3 Programming thecallbacks

Working with MatLab means programming a lot of functions @jiin this case, are used by the
Simulink callbacks A callbackis a function related with an event, like copying a block etielg



4.3 Programming theallbacks 25

Mask Editor : Pump_general - |I:I|£|

Ican | Parametersl Initializatiu:unl Du:ucumentatiu:un'

~Icon options ~Drawing commands

Frame color (get parsam(gel, 'ForegroundColor')):
| visible || |[plotixe, vei:
plot(pxl, pyl):
Transparency
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~Examples of drawing commands

Command Ipu:urt_la.bel [label specific ports) "l
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Figure 4.2: Block mask editor

it, double-clicking on it and so on. By programmingcallback any action performed by the
user can be trapped and controlled. On Tablé 4.3 a list watptbgrammed callbacks, with an
explanation of the actions performed when executed, is sh&ach of them is programmed into
a m-file with the same name (foldeallbacks.

Callback Executed when Description
FcnBlockConnectivityChangesUser deletes or add a lineRedraw all the lines
or a port from a layer in the interaction

block figure.
FcnClickEdge User clicks on a model Show a window

edge in the interactionwith the data of the

figure transfer function/s-

tate space form
(either like the one
shown at Figuré 413
or at Figurd 4.B).

FcnConnectivityChanges User deletes or add a lineRedraw all the lines
or a port from a compot in the interaction
nent figure.

Continued on next page
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Table 4.1 — continued from previous page

Callback Executed when Description
FcnCopyComponent User copies a componenhCreate al_block or
into the model componentinstance

(depending if the
user is defining a
layer or not, re-
spectively) and ini-
tialize its data, like
the handler to the
model block, the
handler to the orig-
inal block in the li-
brary, etc.). Also
set all of its proper

callbacks.
FcnDeleteComponent User deletes a compg-Remove the compo-
nent from the model nent class instances,

as well as all of its
related variable ob-
jects from the cur-
rentscenario Also

delete them from
the interaction fig-
ure, if being drawn.

FcnDeleteLayerBlock User deletes a layarRemove the block
block object, as well as
its related lline
instances, from the
current  scenario
Also delete them
from the interaction
figure, if visible.

FcnDeleteModel User deletes a model | Set the
IS QUITTING
global flag totrue,
in order to not
execute all of its
containing  blocks
Deletecallbacks.

Continued on next page
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Table 4.1 — continued from previous page

Callback

Executed when

Description

FcnDeleteVariable

FcninitLinkedComponent

FcnModelClose

FcnMoveComponent

FcnMovelLayerBlock

User deletes a variabl
from the model

Initialization  function
for the linked compo-
nents (those based ¢
already existing blocks
in Simulink)

User closes the Simulin
model window

User moves a compone
from the model

User moves a layer bloc
from the model

eRemove the object
instance, as well
as the reference on
the related compo-
nent, from the cur-
rentscenario Also
delete it from the in-
teraction figure, if
being drawn.

Set its UserData

values, that replaces
rnthose parameters
5 not existing on the
block.

kSet

IS QUITTING
global flag totrue,
in order to not exe-
cute all theDelete
callbacks of its
containing blocks.

the

nRedraw the compo-
nent in the interac-
tion figure, if being

drawn.

kRedraw the layer
block in the interac-
tion figure, if being
drawn.

Continued on next page
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Table 4.1 — continued from previous page
Callback Executed when Description
FcnMoveVar User clicks over a varit Ask the user for

FcnMoveVariable

FcnNameChangeComponent

able from the interactior
figure

User moves a variable i
the model

User changes the nam
of a component in the¢
model

na new position to
move it (using the
ginput() function),
redraw its incoming
and outgoing edges
(if existing) and
redraw the variable
into the new posi-
tion. If the Moving
variables option is
set to Model <+
Interaction figure
or Model —
Interaction figure,
also moves the vari-
able in the model.

nif  the Moving
variables option is
set to Model <+
Interaction figure
or Model —
Interaction figure,
also moves the vari-
able in the interface
figure.

1e€Change the han-
> dler reference
attribute value in
the component
object and in its
related variable and
|_block objects (if
existing) from the
current  scenario
Also changes the
name text in the
interaction figure, if

being drawn.

Continued on next page
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Table 4.1 — continued from previous page

Callback

Executed when

Description

FcnNameChangelLayerBlock

FcnNameChangeModel

FcnNameChangeVariable

FcnOpenBlock

User changes the nam
of a layer block in the
model

User changes the nam
of the model, via the
form shown in Fig-

ure[D.2

1€Change the handler
reference and name
attributes values in
the Lblock object
from the current
scenario Also
changes the name
text in the interac-
tion figure, if being
drawn.

1€Change the key
string of the model
in the global
hashtable that
contains all the
scenarioobjects.

User changes the nameChange the handler
of a variable in the model reference attribute

User double-clicks ove
a layer block in the
model

value in the variable
object and in its
related component
object from the
current  scenario
Also changes the
name text in the
interaction figure, if
being drawn.

r Open the interface
shown in Fig-

ure[D.5. Depending
on the kind of

block, that is, for
instance, a block
that user is able to
select some of its
visual parameters
(e.g.: aSumblock

which input signs
can be changed),
other fields could
be shown.

Continued on next page
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Table 4.1 — continued from previous page

Callback Executed when Description
FcnOpenComponent User double-clicks over Open the inter-
a component in theface shown in
model Figurel4.7.
FcnOpenModel User opens a model Force Simulink to
open it into the
same window of the
main model. Also
opens the block
library.
FcnOpenSubLibrary User opens a sublibranyForce Simulink to

FcnOpenVariable

FcnPostDeleteModel

FcnPostLoadMain

FcnPreDeleteComponent

FcnRemoveAnnotation

in the library

User double-clicks ove
a variable in the model

User deletes a model

The main model is

opened

User deletes a compc
nent from the model

User removes an annot
tion from the model

open it into the
same window of the
library.

rOpen the inter-
face shown in
Figurel4.8.

Remove the sce-
nario object
from the global
hashtable

Arrange its model
blocks and sort
them alphabetically.

)-Remove its related

layer, Lblock,
[_line objects (if
the component

being removed is a
control component)
from the current
scenario Also
delete them from
the interaction
figure, if visible.

aDelete it from the
interaction figure, if
being shown.

Continued on next page
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Table 4.1 — continued from previous page

Callback Executed when Description
FcnZoom User resizes the intera¢-Set the size of the
tion figure window font of all text

items being drawn,
according to the
zoomed area of the
interaction figure.

Table 4.1: MatLalzallbacksprogrammed on the tool
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Figure 4.3: Transfer function form interface

Normally, when a callback is executed, the first thing it deeto get thescenarioobject of

the current model (with thgetscenario()function) and access to its objects using any method
described in Table Bl8.

4.4 The Simulink model

One of the reasons of choosing Simulink as the Visualizafaot's base framework is that, using
its modelling functionalities, a way of defining the physigeocess is already available. This way,
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Figure 4.4: State space form interface
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| mine_process

Rename | Cancel |

Figure 4.5: Importing models window

itis only needed to work with the specification interfacesated for the programmer (such as the
callbacks, as explained in Sectionl4.3.

As discussed in Sectidn 4.2.3, both custom and modified blatkhe library should interact
with a Simulink model. First, it is needed to retrieve whene models will be stored. A file
named main.mdl (a Simulink model file) was created for thigopge. In order to achieve the
requirements commented in Chagtér 2, the user will be abdectate different process schemas,
thus allowing modularization of the work. Furthermore,outd be useful to have the ability of
creating different models when, for instance, they are elated.

For each model, a Simulirfkubsysternlock will be created and all of its contents will be designed
in within. As commented in Sectidn 3.3, each model will beoagted with ascenarioobject,
which will be accessed in order to create, modify or deleteragonent, a variable... The main
window will look like the one shown in Figuie 4.9.
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Figure 4.6: Layer block properties interface

4.4.1 Creating a submodel

When the user wants to create a new model, a 8alsysterblock is created. When the user
double-clicks on it, a new window is opened, with the cordaithe model: a Simulink diagram.
Here, the user can drag and drop any element above mentindedeate the physical structure of
the process. For instance, a component can be copied frolibthey. This is done by dropping
a block into the Simulink model. Then, tlenCopycallback of the component is called and a
new componenbbject instance is created into the currenoénarioobject. The code shown in
Listing[C.2 shows the actions performed when the callbaekécuted. To access to the current
scenario object, one can use the auxiliary functiorent model An example of a process created
with the tool is shown in Figurie 4.10.

4.4.2 Accessing the process’s elements

From this moment, the user can access to the component'eniesy by double clicking on it
(event caught by th&cnOpenComponerdallback). A graphical dialogue like the one shown
in Figure[4.8 is displayed and the user can thereby modifthallparameters of the component.
All the dialogues programmed on the tool have two importantfions:validate dataandsave
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Figure 4.7: Properties of tHEankcomponent

validate datachecks out the validity of the typed data, showing an erroidew if something was
wrong (e.g.: the user introduced alphanumeric characthile wumbers where expectedjave
callsvalidate datafirst and, if everything is correct, reads the data and saves i

In order to do that and allow the developer to do modificatieasily, several general purpose
functions where created. The idea is to use the relation deriva data entity and its object
container. For instance, to know the name of the GUI contdisre the needed data where
written, we can name them as it is inside the object (thasiagthe name of the related attribute).
This way, for each object we have a list of attribute namesitnespective text field in a GUI.
Then, we use thehecktext read textand settext functions and passes them the handler to the
dialogue, the list of attribute names and some extra pass@s the name of the field’s parameter
where to read/write the data and the handlers to the furstesponsible of checking the data) as
arguments. Listing Cl3 shows how tbieecktextworks.

As for theget text andsettext functions, the difference is that we need to access to thectb]
attributes and write or read the GUI's data, respectivelystihg[C.4 shows how thgettext
works. This way, the actions performed, as well as the fietdes are easy to modify by chang-
ing the value of some global variables (liIk®ARIABLEFIELDS, VARIABLEFIELDS TEXT,
TRFCFIELDSand so on, all defined in thigdobal_structsm-function).
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Figure 4.8: Properties d¢fl

4.5 The layering system

No features to manage the visibility of a model block are mtedt by Simulink. One of the initial
requirements was to create a functionality that, somehdaws the user to create additional
structure information of the model that is not directly defgithe model, such as the control and
the signal structures. For instance, a control componkat {$, a block with at least one control
variable) may be linked with a control structure that defihew the controller works (like the
structure of the controller or how it reads the data from tessrs and the working point from
the user). The user may desire this information to be hiddeinshown separately from the rest
of the process structure.

To do that, we need to copy and delete the blocks directly timoSimulink model. We have
defined an objectlayer, that contains all the information needed to manage thatay&r is
defined by the blocks contained on it and the name of the dtertitdock (or the name of the
layer, if linked to none), as well as the connections drawrth®yuser. One of the features of
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Figure 4.9: Main model window

the component’s GUI is to define the structure layer of a @miwmponent. By clicking on the
Define control layerutton, an scenario attributedfinelayer) is set to the name of thiayer
object. While this value is not set to void, every block calito the Simulink model will belong
to the mentioned layer, instead of theenarioobject. That is, the tool will no createcamponent
object from the new block, but creaté_alockobject instead.

The difference between component analdck objects is that we need to store information such
as the handle to the original block (the one in the library$ position, the orientation. . . of the
block. This is made in order to rebuild the content of the fagech time it is drawn. We need
as well to store the information of the connections betwdeols. When a line is drawn by the
user on the Simulink model, a callbadkchBlockConnectivityChanges executed and a new
object Lline is created. In addition to this, the control structagdr is displayed in blue while the
signal structure layer is drawn in red. A good example of a&gss with both control and signal
structures, taken from (Salehpour, 2009), is detailed iapB#A.

4.6 The interaction figure

This is one of the most important parts of the tool. In thisadaw, one can visualize the interac-
tions, the model data and so on. On Fidure ¥.11 one can seé¢urecapthe interaction figure.

One can notice the different parts on the window:

e Linking the position of the variables: is the pop-up menu labelledloving variables
There is four possible combinations: no linking, bijectirgking, when moving in the
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Figure 4.10: Quadruple tank example finished

model, moving in the interaction figure and vice-versa. Téeran tell the tool to link the
position of the variables in any direction, as well as rexage the variables in the interac-
tion figure, according with the position that they curremitive in the Simulink model. This
is made by using the proper callbackxfMoveVariableFcnMoveVarand FcnMoveEsti-
matedVa) described at Table 4.3.

e Showing/hiding elements s the check-box set labelledew. The user can show hide the
following elements:

Control variables.

Measured variables.

Disturbance variables.

Reference variables.
Estimated variables.

Model edges.

Components, lines and annotatioRe6].
— Component names.

This is reached by accessing to the graphic handler of thextsband deleting or redrawing
them.
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Figure 4.11: Interaction figure window

e Moving variables: the user can click on any variable in the interaction figurd move
it, in order to arrange the variables for a proper visualiwat This is made by detecting
the execution of thé&-cnMoveVarand FcnMoveEstimatedVatallbacks and changing the
position of the variables graphic handler.

e Visualizing and editing the models the user can click on a model edge and access to
its data (shown on the interface of either Figurd 4.3 or BguB). In the case of MIMO
processes, is first shown the data of the model between thedrables linked by the edge
(that is, the SISO equivalent of the MIMO system for these tdables). This is not
editable for the user, but one can access to the MIMO dataitkirad) on theShow MIMO
button, that can be modified or even removed by the user.
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4.6.1 Drawing the items

Several elements are displayed in the interaction figuen fcomponent and layer blocks to
variables and edges. Each one of the graphical items stands fobject stored in thecenario
class. Since all of them are drawn in a different way and weliegher access to the graphic
objects (in order to move, modify or delete them), we needpatific method that work it all
out. That is the idea of the overloaded method draw, thateset in thescenario, variable,
component, edgand|_blockclasses (as referenced in Apperidix B).

Thescenario dranmethod is responsible of calling to the restdodw methods of the contained
instances, so all the model is drawn, element by elementrseely. The actions performed after
a call todraware:

e scenaria draw all the content of a model. This function call all théaetdraw function
of each instance contained and listed below. Also drawsiiles bf the model, that is, the
connection between components, variables, ....

e componentand|_block: call thedraw_block function, which callsdraw_paramsfunction
in turn. Thedraw_blockfunction is responsible of drawing the outer frame of theck)of
it exists, and the name as a text object. In further stepaskés the name of the component
drawing function (from thérawFcnblock parameter) and the corresponding call param-
eters for it (using th@raw_paramsfunction). At the end, it executes the drawing function
with the suitable arguments (so the component is drawn) mnessits graphical handlers in
the class instance.

e variable: draw a circle, filled with the appropriate color, and the eamhthe variable as a
text object. Also set thButtonDwncallback of these graphical objects, so BeMoveVar
andFcnMoveEstimatedVarallbacks defined in Table 4.3 are available when the usekcli
over the variables in the interaction figure.

e edge draw an arrow, with the relative width expressed in sign attribute. If the edge is
related with a model (that is, the model attribute is not yoadso draw another arrow and
set accordingly th8uttonDwncallback, so thé&cnClickEdgecallback defined in Table 4.3
is available when the user clicks over the model edge in ttezantion figure.

¢ | _block: draw the block lay, performing the same action as withdbmponenbbject.

4.6.2 Interacting with the model

The interaction figure is a reflection of the Simulink model,every change made in the cor-
responding scenario object must be submitted into the figliteat is, when programming the
callbacks related with any modification of the model (CopyRdoveFcn, DeleteFcn and so on),
updating the interaction figure was always considered. esns that the items into the figure
has to be redrawn so often.
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For those reasons, tldeaw function of the scenario class is slightly different frone tthers: the

programmer can specify a certain kind of object to be drawreproved. This is made with the
help of an extra argumenghat As for the deleting process (e.g.: the user unchecks areelgm
another functiondrasg is executed.

Is also interesting that the final user could arrange thealbes in the most suitable way. In the
interaction figure, the user is able to move the variablesaee way as in the Simulink model he
does. Thisis done by programming thenMoveVarcallback function and reading the destination
coordinates that thginputfunction supplies. The position of a variable in the intéi@acfigure is
stored in the variable object attribytéot pos

Here we may discuss as well about the figure coordinates imteeactions graphic. A figure
in MatLab is intended to draw graphical objects on it: lingslygons, images, text and so on.
These objects have points defined by (X,y) coordinates;aeteng to the figure’s axes Cartesian
coordinates (that is, from left to right and from bottom tq ugspectively). In the other hand, a
Simulink model block is positioned (being this informatiaccessible by the parametewsition)
with respect to the leftmost and topmost edges of the modedow ([left top right bottom], that
is, from left to right and from top to bottom, as shown in Figldt12). The natural translation into
both different reference system is to reverse the verti@tios, that is: a Simulink model-based
position (left,top) is translated into (left, -top) canascoordinates. This way, the whole figure is
drawn into the fourth cartesian quadrant. In Fidure 4.13aamesee an example of the translation
form the Simulink model reference system into the (x1, x2, y&) tuple used in the drawing
system explained in Section 4.2.3.

right

ui
|

Figure 4.12: Simulink model coordinates example

bottom

For this reason, the drawn function of teeenarioclass is slightly different from the others: the
programmer can specify a specific kind of object to be drawreimoved.
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Figure 4.13: Cartesian coordinates equivalent in the actesn figure
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Chapter 5

Results and Discussion

A visualization tool for MatLab has been developed. It aboive user to define a model of a
whole system and it gives him tools to analyse it. The modelbmarepresented using ISO repre-
sentations of a factory components such as valves, bonthsTle¢ control and signal structures
that appear in the model can be defined as well.

5.1 Accomplished objectives

The implementation was completely made in MatLab and SmkuliThis was a requirement for
the whole project. A first analysis of requirement conclugethe data structure design and the
work consisted in combining the already existing Simulinkdtionalities with the desired data
maintenance.

For the first task, the tool had to be able to define a procesehaod allow the user to set the
data needed for further analysis. Furthermore, a graphitalysis interface that represents the
structure of the defined model was developed. With this featihe calculations made by the
algorithms (out of the scope of this Thesis) could graphycaiow their results.

Meanwhile, an SSG standard representation of some devadéen developed, in order to
create a real model. At that moment, only the devices neeadieipaper and pulp industry were
designed, since they are the first users of the tool.

In time, some simple processes were ready to be tested alyd@mhan the tool, moment in which
a new task was assigned: the structure layers. The tool Haeldble to separate model graphical
information, including the physical model itself, and amhiand signal structure, being the user
able to show or hide groups of elements at them choice. Th&sweeay important since some
complex process models might be defined by many variableblacks.

Furthermore, the graphical analysis interface was extémderder to provide visual information
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on the transfer functions that the user was then able to imgrhé. That included an improvement
of the graphical interface that allowed the user to show de l@iny element, such as variables,
blocks, text and arrows (those expressing transfer funstamd relations, as explained in time).

After all this work, a powerful tool for structural analyss$ complex processes was developed.
Some issues were found, such as the limitations of the Ma#ARIbfor the graphical user in-
terface, making it not easy, or even impossible, to matcheswrtial requirements. However,
some good ideas came up to solve all the problems and the nteststing feature of the tool,
the visualization of the process, happened to work very wmadl fitted the average needs of the
common user. The author learnt a lot about the engineerimigiyaue to the constants visits and
the information shared with real engineers and possiblédisers of the application. This thesis
went also deep into the topic of the structural analysis badtthor earned experience in the real
development and research world.

5.2 Conclusions on analysis of requirements

In this section a list with the initial user requirementsatédsed in Sectiof 2]2 will be shown. For

each identified requirement, an evaluation of the level ofgpmance reached at the end of the
project development will be discussed. This will providédewnce of the level of success reached
at the end of the work and will be later on used as a guide foréimprovements (see Chaliér 6).

Requirement Requirement perfort Causes for non achieve-References

code(s) mance ment

DO The user is able to sug- Figure [4.9,
cessfully model a real Figure [Al,
show casestock mode Figure [D.J,
scenario, including con- Figure [D.2,
trol and signal structures, Section [4.4,
chosen for the demor)- Sectiof4.411

strations. This was
considered sufficient b
the steering committe
of the MeSTA project

D <O

Continued on next page




5.2 Conclusions on analysis of requirements

Table 5.1 — contin

ued from previous page

Requiremen

code(s)

t Requirement perfor
mance

ment

- Causes for non achieve-References

DO.1

Components can b
easily created into th
model. The user drag

component data entity
is successfully create
Also changing block
Finally, removing &
component causes del

structure

and drops a component
from the library and the

in the data system.
name and component

parameters works fine.

tion of component data

e
&
S

[®N

Sectior4.2.1

DO.1.1

There is no tool with
which the user could cre
ate a customized block

-plotting commands fo
both Simulink model
and Interactions Graphi

Although for the sec:
ond one there is n
limitation, for the first
one, only a short set g
instructions should bé
written into the Mask
Editor of the block and
no external
can be used. Therefor
different approache
are followed for both
cases and it

non-expert user
drawing interface

should be the same.

functions

is nat
possible to provide a
of a

The problem is that the Section [4.2.3,

r Sectior 4.6]1

Cc

—h

D

(D

[

D0.1.2

The user cannot dra
and drop a Simulink na
tive component or othe
block outside the Visual
ization Tool library into
the model

rleast, the mask drawin
- commands and the cal
back functions

gSome block parametersSectior[4.B
-need to be modified, at

¢

Continued on next page
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Table 5.1 — contin

Results and Discussion

ued from previous page

Requiremen
code(s)

t Requirement perfor
mance

- Causes for non achieve
ment

b-References

D0.1.3

A dialog box is shown
when the user access tl

Parameters are shown
editable fields and th
user can change them

properties of the block

ne

n

D

FigurelD.3

D0.2

ated, either by 'drag an
drop’ from the library
or the specification o
a variable name in th
variable list of the re-
lated component. Dele
tion of a variable directly
from the model or by re

nent’s list also works

Variables can be cre-

moving from the compot

=N

f

1%

Sectior 4.21

D0.2.1

This requirement is als
met without any problen

D0.2.2

Variable types can b
identified by their color

=0

D0.2.3

When the properties di
alog of the variable ig
open, the user can sg
lect with which compo-

lated

nent of the model it is rer

]

Figure[D.4

D0.2.4

An arrow linking the
variable block with the
component block can b
drawn/hidden at user’
request

D

D0.2.5

All of the simulation nu-
meric parameters of
variable are stored int
a unique variable dat
structure and are use
in the dialog interface
The user can succes

o T oW

fully modify these data

Figure[D.4

Continued on next page
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Table 5.1 — continued from previous page

Requiremen
code(s)

t Requirement perfort Causes for non achieve-References
mance ment

D0.2.6

All of the signal source
parameters of a variable
are stored into a uniquLe
variable data structurg
and are used in the dia
log interface. The use
can successfully modify
these data

<= :

FigurelD.4

D0.2.7

A description field is
added into the variabl
properties dialogue

1%

FigurelD.4

D0.2.8

4

When a component i
deleted, the related var
ables remain (now un
linked) in the model

DO.3

User can define bot
control and signal struc
tures, as follows

-

Chaptef A

D0.3.1

Two special con
trol components
(Controllerblock and
Controller_block ff, this
last for feedback forward
control configurations
were added to the li
brary, with a special set
of input and output ports

Figure[5.2

D0.3.2

Estimated variables can
be graphically expressed
by connecting their inpu
to a flow diagram in the
model. Additionally, a
field for its algebraic ex;
pression can be used |n
the properties dialogue

Figure[D.4

D0.3.3

The information of con-
trol and signal structure
are independent (it is en
couraged to use layers)

[72)

Section [4.5,
ChaptefA

Continued on next page
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Table 5.1 — contin

Results and Discussion

ued from previous page

Requiremen
code(s)

t Requirement perfor
mance

- Causes for non achieve
ment

b-References

D0.4

Models are spared int
different  submodules
which are in turn con
tained into de Model
Explorer

0

Figurel4.9

D1

Transfer functions ang
state space models cg
be defined through th
Transfer functioninter-
face

AN

]

Section [4.2.P2,
Figure [D.11,
Figure[D.12

D1.2,D1.3

Created a simulatiof
data dialog, which store|
the parameters value
into the model

0 -~

*S

Figure[D.10

D2,D2.4

User can define bot
signal and  contro
structure layers eithe

model (through the use
menu) or assocciate]
with a specific contro
component (i.e. a com

a control variable)

independently from the

ponent assocciated with

—

174

=

Figure [D.5,
FigurelAB

D2.1

To define a layer, use
clicks on theDefine con-
trol or structure layer
button of any of its comj
ponents. During this op
eration, components cg

not change the layer t
which a component be
longs

be deleted/added from/to
the layer. The user can-

rLack of time for the de-
velopment of this las
functionallity

n

O

t

Figure[D.5

D2.2

The user cannot use 3
already existing name fo
a new, custom layer. A
warning is shown whe

1N

> =

this happens

Figure[D.18

Continued on next page
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Table 5.1 — contin

ued from previous page

Requiremen
code(s)

t Requirement perfor
mance

- Causes for non achieve
ment

b-References

D2.3

When the user delete
a layer, the containe
blocks remain intact in
the model

S
d

D2.5

Signal structure layer
contents are colored i
red, while control struc
ture layers contents af
drawn in blue. Besides
when defining a layer
the rest of the compo
nents and variables ai
shown in grey

= U

e

Figure [A.2,
Figure[A.2

D3

An importation dialogue
has been implemente
and the user can tran
fer a personalized subs
of the models from ong
computer to another

Section [3.H4,
Figure[D.6

AVO

Structural, interaction
and frequency domai
analysis can be pe
formed through the
different implementeg
interfaces

Figure [D.J,
Figure[D.9

AV0.1

All this data (trans-
fer functions, relation
among variables...) i
stored in the scenario
data structure. Likewiseg
trfc and stsp classes
(previously  developec
as part of the MeSTA
project results specifi
cation) are used for th
representation of transfeg
functions

)

e
er

Chaptei B

AV0.2

This feature could not b

e Lack of time for its de-

implemented

velopment

Contin

ued on next page
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Table 5.1 — contin

Results and Discussion

ued from previous page

Requiremen
code(s)

t Requirement perfor
mance

- Causes for non achieve
ment

b-References

AV1

An Interactions Graphig
is implemented, wher¢
structural analysis
model interactions
and MODDE data
calculation results ar
graphically shown. In
this figure, the physica
Simulink model is alsg
reproduced. The use
can filter which kind
of information will be
shown

D

D

h

—

FigureD.7

AV1.1

In the Interactions
Graphic a series of
colored, arrowed edge
are shown, representin
the interaction betwee
variables. Relative width
of these arrows can b
also set by the user. Th
value of the transfe
functions can also b
accessed by clicking
over these edges.

effect of the change of
variable’s value is als(
represented with blac
arrows

a:
nally, propagation of the

Section [4.2.2,
Figure[D.T

AV1.2

A plot matrix for either
SDPT, FDPTI/SDTFI
and FDPTc/SDTF(

at user’s request

analysis results is shown

Figure [D.14,
Figure[D. 15

AV1.3

An interface dialogue
where the user can sele
the interaction parame
ters is shown through th
main menu

ct

0]

FigurelD.9

Continued on next page
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Table 5.1 — continued from previous page
Requirement Requirement perfort Causes for non achieve-References
code(s) mance ment
AV1.4 MODDE analysis car Figure [D.8,
be performed at user Figure[D.16
request and its results
are shown in the imple
mented dialogue
AV1.5 This feature could not beLack of time for its de-
implemented velopment

[72)

Table 5.1: Analysis of user requirements compliance

b ooy
FF_|ouTf ety
NSF dF

Cortroller_block ff Contraller _flock

Figure 5.1: Control blocks in the Visualization Tool libyar

5.3 Conclusions

After all this work, the author can extract some conclusiaierred to the research and experi-
ences occurred during the investigations. These conclssice presented below:

¢ It was found hard to maintain and organize a huge tool progradover the MatLab and
Simulink environment. The author admits that, althoughMta¢lLab kernel is a convenient
tool for all the calculations needed for this work, the Simklenvironment is not the best
choice for a user interface with the initially demanded dieas.

e The author noticed as well that the final designed data st@wastem is not the most suitable
for the development of a tool. The reasons for this opini@neaplained in Subsectidon 3.5.

e Another common problem was found during all the programmasiks, since it was not
clear from the beginning which was the needs and requiresienthe tool. This checklist
was in continuous change during the whole developing, wtiehted several problems due
to the characteristics of the MatLab programming.
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e Thanks to this thesis and the several visits arranged to SGi#ola (one of the final tool
customers), the author realized how different the realrezgging work is compared to the
one that is learnt during the early studies.



Chapter 6

Future work

Some of the initial aims of this project were not achievednhat ¢énd of the research and some
others were added to the requirement list as the tool evanethe expectations from the users
experienced rather interest. Itis in this section sumredr&list of unresolved needs and probable
improvements for the tool, to be considerer by further devets:

e Simulation: the user might be able to simulate the whole process dyr&écin the Visu-
alization Tool. However, although Simulink is used to deypethe whole tool, it should
not be possible to simulate in thaditional Simulink waybecause the blocks that have to
be implemented may not have amgernal function implemented. It is necessary, then, to
define functions that create another Simulink model withtal transfer functions, inputs
and outputs automatically described in it. To do so we have to

— Subsystem for the Inputs and Outputs. We will need to imptegraesubsystem with
the input parameters such as delay, saturation, workingf,jpetc.

— Subsystem for every MIMO or SISO system. If the user definedM®system, all
the transfer functions of that MIMO system should be in theesaubsystem.

— Show the variables. It is necessary to implement a GUI thawstihe values of all the
variables and allows to compare them to each other.

e Controller Structure : One of the main features that are needed to be implementéeé in
tool is the definition and calculation of the controller sture of a given model. The tool
must be able to find out what controller is being used in thegse between several vari-
ables and show the user its structure. In order to do thdtetransfer functions are needed,
then, the tool must check between which variables thereranafier function and compare.
Also those transfer functions should be compared and aglgsfind out what controller
is being used in that part of the process.

e Interface: Another loose end of the tool is the graphical interface¢siit is constrained
to the Simulink framework capabilities. It is needed to teem custom GUI by means of
an alternative design tool with more flexible resources thamone supplied with MatLab.
The tool suffers as well of a lack of functionality since Simk is not intended for the
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Future work

development of a complete user interface tool. Given a#i tbsues the research group
decided to continue the work creating a Java-based usefaicgefor the user, integrating

the future graphical elements with the MatLab engine anthaltode generated during this
research.



Appendix A

Defining the control and signal structures

In this appendix it will explained how to model the controdagignal structures of a model. For
that purpose, a more complex example is needed. The mineggegample shown in Figure A.1,
taken from(Salehpour, 2009), will be used for that purpose.

E!main,.-"minegrncess I ]
File Edit Wiew Simulation Format Tools  Wisualization Options  Help
D|@u§|.¥:ﬁ|<}==§{fl9f_’|) II1EI.D IanmaI jl@m|ﬁ@®
(oversize
O s
¥ ¥ ¥
@JE
‘ I Elending tank
(FF_jpuT . L_’.
CR
Ready [10d% [ [ [odeas 4

Figure A.1: Mine process example

This is a bentonite blending process, where a Pl-contrkéeps the level of a tank (the Blending
tank component) by steering the blender’s outflow-valves fitws are measured in the incoming
conveyor belts and their sum is used as feedforward in thieater block, in order to compensate
the change of mass-inflow and deviate it to the tank. The s#t(fP) of the controller is decided

externally and the measured value (MV) is set by the leveheftank, measured with a load cell
(Mass variable).
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56 Defining the control and signal structures

E!main,.n"mine _process * I [=] S
File Edit WYew Simulation Format Toaols  Visualization Options  Help
(oversize
O Pee
¥ ¥ ¥
Mass
‘I Elending tank
P L > qout
Feafonward Contrallar CR O.‘i
> 10
Function
Ready [100% | | |odeds v

Figure A.2: Mine process example, with a signal structuffendn for goutestimated variable

The tool supports the user defining the control and signatsire of the model. For each control
component (that is, a component related with one or mora@ovdriables) there is some extra
options, likeDefine control structure layeti_ayers were implemented in order to help the user to
define complementary information of the model, that themdatiany moment show or hide, in
both the model and the interaction figure (this last explhiager). A control structure layer, once
defined, may be hidden or shown by unchecking or checkindgstimv control structure layer
controlin the block properties window (see Figlire A.3).

The user can figure easily out which components belong to@mai@tructure layer, since they are
drawn in blue. When selectirigefine control structure layeeverything in the model gets faded
at grey, excepting the components and lines defined in ttez [@ayd the controller block), like it
is shown in Figur@ AJ. In this moment, any component copiethk user into the model will be
attached to the layer them had just begun to define. Tha&sigér will add the component to the
layer. When the user is done adding components, them justtbgaush th&top defining control
structure layerbutton in the properties of the control block. These optiaresalso reachable to
the user by double-clicking on any component of the conagét, when visible.

There is also another way of accessing to the control streitayers, through th€ontrol structure
layerssubmenu of th&€ontrol and signal structuresienu. There, the user can hide or show all
the control structure layers at once, as well as remove thredefone/show/hide them one by one
(Figure[A.3). One can refer to a control structure layermafg to the name of its control block
(in this case, th&lending tankcomponent).

As for the signal structures, there are some differencesrdaty to the control structures: the
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Figure A.3: Properties of Blending tank

control block attachment constraint does not exist. Thahes user can define a signal structure
layer randomly, as long as its name is defined. For this perpgbe user has to combine the very
context menus of the components of the signal structure laye the options in the menu bar
(through theSignal structure layersubmenu of th€ontrol and signal structuresienu). There,
the user can find the same options that in @mntrol structure layersnenu, but with one more
option: C'reate. Its purpose is to create a new signal layer by typing its nauoehe user can
access to its options afterwards through the menu, onciabiai Moreover, the signal structure
components are drawn in red.
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Appendix B

Attributes and methods of the classes

Name Description
tag Unique name for the edge.
ftag Name of the outgoing variable.
ttag Name of the incoming variable.
model Unique identifier of the transfer function.
sign Significance of the interaction edge in the range
[0, 1].

handler Handles to the graphic objects of the interaction
edge in the interaction figure.

modelhandler| Handles to the graphic objects of the transfer func-
tion edge on the interaction figure.

Table B.1:edgeclass attributes definition

Name Description
edge(params) Constructor of the clasdag, ftag, ttag, sigrand
modelcan be set from the call to this constructor

get(param: string) | Method for accessing to the fields of the class.

Continued on next page
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Table B.

Attributes and methods of the classes

2 — continued from previous page

Name

Description

set(param: string, value

)Method for setting the value of the class fields.

Table B

.2:edgeclass methods definition

Name

Description

hashfcn| Hash-f
mod

table

unction of thdnashtable

Size of the table.
Array of hashlistobjects.

Table B.3:

hashtableclass attributes definition

Name

Description

hashtable(params)
clear()
elements()
get(key: string)

set(param: string, value

isempty()
iskey(key: string)

keys()
values()
put(key: string, value)

remove(key: string)

Constructor of the class.
Method for clearing the contest of the table.
Gets a cell array with the pairs key, value as rows.

Returns the value associated with the given key, if
it exists.

)Method for setting the value of the class fields.
Returns true if the table is empty, false otherwise.

Returns true if any element on the table has the
given key, false otherwise.

Returns the list of keys inside the table.
Returns the list of values inside the table.

Inserts the given value in the proper place, given
by its key.

delete the given element from the table.

Table B.4:hashtableclass methods definition
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Name Description

h_v Handle to the variable block in the Simulink
model.

h_c Handle to the component block in the Simulink
model, which related component object contains
the variable.

h_p Handles to the graphic objects of the variable in
the interaction figure.

plot_pos Position of the graphic objects of the variable in
the interaction figure.

type Type of the variable, can be Measured, Control,
Reference, Estimated or Disturbance).

showlink Whether to show an arrow between variable and
its component in the model or not.

derorder Derivative order for the variable in the differential
equations system.

equation Equation defining the value of the variable in the
interaction measurement.

range Range for the value of the variable when simulat-

ing the model.

saturation Saturation of the variable when simulating the

workingpoint

delay

slew

simulation

slope, before, after, time, freq, an

model.

Working point of the variable when simulating the
model.

Delay of the variable when simulating the model.

Slew rate of the variable when simulating the
model.

Type of output for the variable when simulating
the model (1— Ramp, 2— Step, 3— Sine and 2
— Other).

1@Parameters for the value of the variable when sim-
ulating the model.

Continued on next page
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Attributes and methods of the classes

Table B.5 — continued from previous page

Name Description

initial _values Initial values for the variable when simulating the

model.
discrete Whether the output of the variable is discrete time

or not.

sampletime Sample time of the output of the variable, if is dis-
crete time.

description Description of the variable.

Table B.5:variableclass attributes definition

Name Description

variable(params) Constructor of the class.
get(key: string) Method for accessing to the fields of the class.

set(param: string, value) Method for setting the value of the class fields.

draw([resizefont =true]) | Draws the variable in the interaction figure. If
resizefont = true, resize the font of the name text,
according to the size of the zoomed figure.

Table B.6:variableclass methods definition

Name Description
v_components | hashtableobject with all the component objects of
the model.
v_var Array of hashtableobjects (one por type of vari-

able) with all the variable objects of the model.

lefts hashtableobject with all theleft position parame-
ter of all the variables (see Section 4]2.1).

Continued on next page




Table B.7 — continued from previous page

Name

Description

tops

modelLname

layers

definelayer

view

figures

propagation

effects

positionlinking

lines

edges

models

hashtableobject with all thetop position parame-
ter of all the variables (see Section 4]2.1).

Name of the model that the object represents.

hashtableobject with all the control and signal
structurdayer objects in the model.

String which value id] if the user is defining a
layer. If hes not, its value is the name of the control
block or the signal structure layer.

Array of booleans, one per each element that can
be shown or hidden in the interaction figure: Con-

trol variables, Measured variables, Disturbance
variables, Reference variables, Estimated vari-
ables, Interactions, Models, Component names
and the Rest (components, lines, layer blocks, an-
notations, .. .).

Array of booleans, one per each option in Be-
lect interaction parametersiterface (Figuré D19):
SDPT, FDTPr and SDTFr, FDTPc and SDTFc,
SET, Propagation and Effects.

Integer number with the number of the chosen
fromVariable in the Propagation dialogue of In-

teraction Measures Selection (see interface in Fig-
ure??).

Integer number with the number of the chosen
fromvariable in the Effects dialogue of Interaction
Measures Selection (see interface in FigePe

Integer number with the select&sition linking
option by the user in the interaction figure.

Array of graphic handles to the model lines drawn
in the interaction figure.

hashtableobject with the interaction and model
edges drawn in the interaction figure.

hashtableobject with all themysystenobjects de-
fined as models.

Continued on next page
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Attributes and methods of the classes

Table B.7 — continued from previous page

Name Description

annotations Array of graphic handles to the model annotations

drawn in the interaction figure.

sampletime Sample time for all variables in the simulation

process.

samesampletime | Booleanwhich

attribute.

discrete Booleanwhich
lation process

value is eithetrue if all the vari-

ables must use trecenarié sampldime attribute
as the sample time in the simulation process or
false if each variable must use its sampime

value is eithettrue if the simu-
must be executed in discrete time

mode ortrue otherwise.

ini_simulationtime | Initial time for the simulation process.

endsimulationtime | Final time for the simulation process.

inputsimulation | Array with the

name of the input variables for the

simulation process, -1 if all.

outputsimulation | Array with the name of the output variables for the

simulation process, -1 if all.

Table B.7:scenarioclass attributes definition

Name

Description

addblock line(line: ILline, component: string)

add.component(c: component)
addvariable(v: variable)
addedge(e: edge) or

addedge(type, name, tag, desc, fromtag, tot
sign, model)

Method for adding a new line into a layer, given
its name.

Adds a new component to the scenario.
Adds a new variable to the scenario.
ag,

Adds a new edge to the scenario, given an edge
object or its parameters.

Continued on next page
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Table B.8 — continued from previous page

Name

Description

block exists(name: string)

changenamelayer_block(old.h: handler,
new h: handler)

del.component(name: string)
delvariable(name: string)

draw([what], [resiz€font: boolean])

draw.edge(tag: string, [highlighted: boolean]

edgebynodes(ftag: string, ftag: string)

edgesbymodel(tag: string)

edgesbynode(name: string)

edgesbytype(type: string)

erase([what])

eraselines
get(param: string)

getcomponent(name: string)

getder.ordervector

getedge(tag: string)

getedgehandler(tag: string)

Checks if a component, variable or layer block
with the givennameexists in thescenarioobject.

Refresh the lines incoming on and outgoing from
a layer block that changed the name.

Delete acomponenbbject from thescenario
Delete avariableobject from thescenario

Draws all the scenario (or just the objects specified
in wha) into the interaction figure.

Refresh an edge, drawing it if it§ still not visible
and the user ordered to plot it, or deleting it if the
user ordered to hide the edges.

Return an edge, given its variable nodes.
Return the edges that contains a process model.

Gets all the edges incoming on and outgoing from
a variable node.

Gets all the edges of a givéype

Delete an scenario (or just the objects specified in
what) from the interaction figure.

Erase the lines from the interaction figure.
Method for accessing to the fields of the class.

Returns thecomponentbbject stored in the sce-
nario with the givemame

Return a vector with the derivative order of the
state variables.

Returns theedgeobject with the giverag.

Returns the graphic handler to the interaction edge
in the interaction figure.

Continued on next page
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Attributes and methods of the classes

Table B.8 — continued from previous page

Name

Description

getmatrices(type: ['A, 'B’, 'N’], i: integer)

getmodeledgehandler(tag: string)

getu_vector

getvariable(name: string)

getw_vector

getx_vector

getblockbyname(name: string)

getlayerbycomponent(name: string)

getlinebyname(name: string)

getlinesbynode(name: string)

getmodelbyid(id: string)

getmodels

is_variable(name: string)

redrawedges

redrawlines

removeedges

Returns either thel;, B; or N; matrices of Sec-

tion[4.2.2.

Returns the graphic handler to the model edge in
the interaction figure.

Retrieves the input variables vector of the system.

Returns thevariable object stored in the scenario
with the givenname

Retrieves the disturbance vector of the system.
Retrieves the state vector of the system.

Gets thel _block object (and the name of its con-
taining layer) stored in the scenario with the given
name

Retrieves thdayer object stored in the scenario
with the givenname

Retrieves thé line object (and the name of its con-
taining layer) stored in the scenario with the given
name

Retrieves thd_line objects whose eithdrom or
to attributes (output and input ports) matches the
givenname

Retrieves thanysystenobject (transfer function)
with the givenname

Returns all themysystenobjects.

Returngtrue if a variable with the given name ex-
ists in the scenaridalseotherwise.

Draws again all the edges of an scenario object on
the interaction figure.

Draws again all the lines of the Simulink model of
a scenario object in the interaction figure.

Erases all the edge graphic objects in the interac-
tion figure.

Continued on next page
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Table B.8 — continued from previous page

Name

Description

removeposition(name: string)

removealledges

removeblockbyname(name: string)

removeedge(tag: string)
removelayerbycomponent(name: string)
removelinebyname(name: string)

removelinesbyedge(name: string)

removelinesbynode(name: string)

removemodelbyid(id: string)

removerelatededges(name: string)

renamemodel(newname: string)

set(param: string, value)
setder.ordervector(v: integer][])

setedgehandler(tag: string, h: graphitandler)

setmatrices(type: string, i: integer, M: matrix

setmodeledgehandler(tag: string,
h: graphichandler)

setblockbycomponentf): |_block,

Removes the top and left parameter values of
the variable with the givenamein the Simulink
model (see Sectidn 4.2.1).

Sets the significance of all the interaction edges to
zero.

Removes the givenl_block object from the
scenario.

Removes the giveadgeobject from the scenario.
Removes the givelayer object from the scenario.
Removes the givehline object from the scenario.

Removes thé_line objects whose eitherom or
to attributes (output and input ports) matches the
givenname

Removes thé line objects whose either incoming
or outgoing components have the giveame

Removes the givermysystemobject from the
scenario.

Removes the interaction edges incoming to or out-
going from a variable with the givemame

Updates all the handlers fields of all the ob-
jects stored, when the Simulink model name has
changed intmewname

Method for setting the value of the class fields.

Sets the derivative order value for all the state vari-
ables in the scenario.

Sets the graphic handler of the given interaction
edge.

Set the values of either thé&;, B; or N; matrices.

Sets the graphic handler of the given model edge.

Continued on next page
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Attributes and methods of the classes

Table B.8 — continued from previous page

Name

Description

name: string)

setlayer(l: layer)
setlinebycomponent(t | _line, name: string)

setmodelbyid(m: mysystem, id: string)

updateposition(name: string, left: integer,
top: integer)

ject with the givemame

with the givenname

the givenid.

Simulink model variable block.

Table B.8:scenarioclass methods definition

Name Description
% Vector of hashtableobjects, one per each kind of
variable, with the names of theariable objects
linked with the component.
h Handler to the block in the Simulink model.
h_p Graphic handler to the drawn object in the interac-
tion figure.
num.inputs | Number of input connection ports of the block in
the Simulink model.
num.outputs| Number of output connection ports of the block in
the Simulink model.
ref Handler to the original block in the library (used

in FcnCopyComponent callback).

Table B.9:componentlass attributes definition

Inserts the givet_block object into thelayer ob-

Inserts the givelayer object into the scenario.
Inserts the givem. line object into thdayer object

Inserts or modifies the givanysystenobject with

Updates thdeft andtop parameters of the given
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Name Description

addvariable(name: string, type: string)Adds a variable with the givename of the given

delvariable(name: string)
draw([resizefont], [draw_name])

get(param: string)

set(param: string, value)

type to the component.
Removes the given variable from the component.

Draws the component into the interaction figure.
Optionally, draws also its name and/or resize its
font according to the size and zoomed area of the
figure.

Method for accessing to the fields of the class.

Method for setting the value of the class fields.

Table B.10:componentlass methods definition

Name Description
h Handler to the block in the Simulink model.
ref Handler to the original block in the library.
pos Position and size in the Simulink model.
name Name of the block.
color Color of the block.
handlerp | Graphic handler to the drawn object in the interaction figure
pMV Position of theMeasured Valugort in the Simulink model block (if it's a
controller block.
f_text Text shown on the Simulink model block (if it'sfanctionblock).
orientation | Rotation orientationléft, right, upor down) in the Simulink model.
shape | Shape ¢quareor round) of the block in the Simulink model (if it's &um
block).
signs Sign mask of the input ports of the block (if it'ssumblock).
showname| Value of theShowNamélock’s parameter in the Simulink model.
gain Value of the displayed gain in the Simulink model (if it'gain block).

Table B.11:_blockclass attributes definition
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Attributes and methods of the classes

Name Description

disable Sets the colour of the block to grey (that is, shows
it as "disabled” when the user tries to define a dif-
ferent structure layer).

draw([resizefont], [draw_.name])| Draws the block into the interaction figure. Op-
tionally, draws also its name and/or resize its font
according to the size and zoomed area of the
figure.

enable Sets the colour of the block to default (that is,
shows it as "enabled” when the user stops defin-
ing a different structure layer).

get(param: string) Method for accessing to the fields of the class.

hide Hides the object from the Simulink model (in
other words: deletes it, first saving its position,
orientation, .. .in the class’s fields).

set(param: string, value) Method for setting the value of the class fields.

show Shows the object in the Simulink model (in other
words: creates it again, copying from the origi-
nal block in the library and restoring its previously
saved properties).

Table B.12:l _blockclass methods definition

Name | Description
from | Handler to the outgoing block port in the Simulink
model.

to | Handler to the incoming block port in the
Simulink model.

name | Name given to the object (usually, a concatenation
of the input and output ports).

points| List of points of the line in the Simulink model.

Table B.13:l_line class attributes definition
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Name

Description

get(param: string) | Method for accessing to the fields of the class.

hide

Hides the object from the Simulink model (in
other words: deletes it, first saving its points in
the class’s field).

set(param: string, value)Method for setting the value of the class fields.

show

Shows the object in the Simulink model (in other
words: creates it again and restores its previously
saved point coordinates).

Table B.14: _line class methods definition

Name | Description
component Either the name of the owner control component

in the Simulink model or the name of the signal
layer.

visible | Eitherfalseif the layer is not currently visibldrue
otherwise.

v_blocks | hashtablewith thel _blockobjects contained on the
layer.

v_ines | hashtablewith thel_line objects contained on the
layer.

Table B.15:layer class attributes definition

Name Description
addblock(lb: |_block) Inserts a lblock object into the layer.
addline(l_l: 1 line) Inserts alline object into the layer.
disable Calls serially to thedisable method of all con-
tained|_blockobjects.
enable Calls serially to thenablemethod of all contained
| _blockobjects.

Continued on next page




72

Attributes and methods of the classes

Table B.16 — continued from previous page

Name

Description

get(param: string)

getblock(name: string)
getline(name: string)

getlinesbyedge(name: string, [type: strin

getlinesbynode(name: string)

hide

removeblock(name: string)
removeline(name: string)
removelinebyedge(name: string)

set(param: string, value)
show

Method for accessing to the fields of the class.

Returns the givehblockobject contained into the
layer.

Returns the givemh.line object contained into the
layer.

JJRetrieves all thé_line objects contained whose ei-
therfrom or to attributes matches the giverame
Optionally, matches as well the kind of port.

Retrieves all thé_line objects contained whose ei-
ther from or to attributes stands for ports that be-
longs to a component block that matches the given
name

Calls serially to théhide method of all contained
|_blockandl_line objects.

Removes the givehblockobject.

Removes the givehline object.

Removes all the_line objects whose eithdrom
or to attributes matches the giveame

Method for setting the value of the class fields.

Calls serially to theshowmethod of all contained
|_blockandl_line objects.

Table B.16:layer class methods definition



Appendix C

Some important code

Listing C.1:draw_paramsfunction Code

‘function call = draw.params (h, p)
pos = getparam(h, 'Position’);
if p
try
pos = pos{1};
catch
end
x1 = pos(1);
X2 = pos(3);
yl = —pos(4);
y2 = —pos(2);
else
x1 = 0;
x2 = pos(3)»pos(1);
yl = 0O;
y2 = pos(4)-pos(2);
end
try
h=h{1};
catch
end

r = get(get.param(h, 'Handle’), 'Orientation’);
color = getparam(h, 'ForegroundColor’);

call = ["(’ num2str(x1) ’,.’ num2str(x2) ',.’ num2str(yl)
num2str(y2) ’',.’ num2str(p) ',.’’" char(r)
color ""];

73




74 Some important code

% Here, we can get some extra parameters, such as the ports
% position on the controller block, the text shown in a

% function block and so on. Any added icon that needs this
% kind of information needs a block parameter and an entry
% below like the following ones:

try
pMV = str2Znum (get.param(h, 'pMV’));
if “isa(pMV, 'double’) || pMV ==

pMV = 1;
end
call = [call ’,." num2str(pMV)];
catch
end
try
f_text = char(getparam(h, 'EText’));
call = [call ",.""" f _text ""'"];
catch
end
try
signs = char(getparam(h, ’'listofsigns’));
shape = char(geparam(h, ’'lconShape’));
call = [call ’,.""" signs '’’, .""" shape '"'’];
catch
end
try
gain = char(getparam (h, ’'gain’));
call = [call ’,.""" gain "'"'];
catch
end
call = [call ")'];

S

Listing C.2: FcnCopyComponeritinction Code

function FcnCopyComponent(h)

%CALLBACKS/FcnCopyComponent Runs when a block from therdilp is
%dropped into the model

%

% Pablo Ferrandez de Dios, LTU, 20693-10

global MAIN MODEL;
global LOCK NEW.COMPONENT;
global IMPORTING;




75
global COPYING;

if IMPORTING || COPYING
return ;
end

if “strcmp (MAIN_MODEL, root_path(h))
return ;
end

% Set some initial parameters

if customblock(h)
setparam (h, 'MaskRunlInitForlconRedraw’', 'on’);

setparam(h, 'OldName’, getparam (h, 'Name’));
else
data = getparam(h, 'UserData’);
if size(data, 2)<= 2
data = {get.param(h, 'Name’) datdél:end}};
else
data{l} = getparam (h, 'Name’);
end
setparam(h, 'UserData’, data);
end

% If is not locked the callback execution (i. e. the block is
% being copied explicitelly when user sets a layer visible.).
if "LOCKNEW_COMPONENT

S = getscenario(currentmodel ());

% Check if the chosen name is not repeated in the model
% (i. e. it may already exists on a hidden layer)
[name newh] = getnew_name(s, h);

% Set the new name
setparam (h, 'Name’, name);
h = newh;

if customblock (h)
setparam (h, 'OldName’, name);

else
data = getparam(h, ’'UserData’);
data{l} = name;
setparam(h, 'UserData’, data);
end

% If we are not defining any layer ...
if isempty(defining_layer ())




Some important code

% Set the connectivity callback functions

set.connectioncallback(h, "FcnConnectivityChanges’);

% Set the proper callbacks

setparam(h, ’'MoveFcn’, 'FcnMoveComponent(gcbh)’);

setparam(h, 'NameChangeFcn’, :
"FcnNameChangeComponent(gcb) ');

setparam(h, 'DeleteFcn’, "FcnDeleteComponent(gcb)’);

setparam(h, 'OpenFcn’, "FcnOpenComponent(gcb)’);

setparam(h, 'ModelCloseFcn’, 'FcnModelClose(gch) );

setparam(h, 'PreDeleteFcn’,
"FcnPreDeleteComponent (gcbh)’);

% Create the component object and draw the block in the
% interaction figure
if isa(s, 'scenario’)
c = component(h);
if view_figure(s)
hold on
c = draw(c);
set.font(c, getparam(h, ’'FontName’));
end
s = addcomponent(s, c);
end
else
% If we are defining a layer...
% Set the proper callbacks
set layer_block_callbacks (h);

% Set the proper color and associated component
comp = defininglayer ();

try
get.param (comp, ’'Name’);
color = 'blue’;

catch
color = ’'red’;

end

setparam(h, 'ForegroundColor’, color);

% Create the layer block and draw it
if customblock(h)
ref = getparam(h, 'ReferenceBlock’);
if strcmp(ref, ')
I_b = getblockbyname(s,
char(getparam(h, 'Name’)));
if isa(l.b, 'lI_block")
ref = char(get(l_b, 'Reference'’));
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else

end

I
O
|

I_block (h, ref);

I
O
1

[_block (h);

I_b = set(l_b, ’"Color’, color);
if view_figure(s)

hold on

l_b = draw(Il.b);
end

% Add the block to the scenario object
s = setblockbycomponent(s,_-B, comp);
end

try
setparam(h, 'pmMv’, '1’);

catch

end

set.scenario(currentmodel (), s);
setparam(h, ’'LinkStatus’, 'none’);
end

Listing C.3: checktextfunction Code

function res = checktext(fields , fieldstext , fields.fcn ,
fields_args , fieldserr , handles)

%CHECKTEXT Checks the validity of the data inserted on a GUI.

%

% RES = CHECKTEXT(FIELDS, FIELDSTEXT, FIELDSFCN, FIELDSARGS,

% FIELDSERR, HANDLES)

%

% FIELDS Cellarray with the name of the fields/attribute
% FIELDSTEXT Cellarray with the name of the GUI's fields

% parameters where to read/write the data.

% FIELDSFCN Cellarray with the handles to the functions

% responsible of checking the validity of each
% field.

% FIELDSARGS Cellarray with the arguments passed to the

% FIELDSFCN functions.

% FIELDSERR Cellarray with the error message displayed whe
% the data for a field is not OK.

% HANDLERS Handlers structure of the GUI.
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% RES Wheather 1 if all the data is correct or O
% otherwise.
%
% Pablo Ferrandez de Dios, LTU, 200903-10
res = 1,;
for i=1:size(fields , 2)
try
value = char@et(handles .(fielddqi}), fields_text{i}));
if isempty(feval(fields_fcn{i}, value,
fields_args{i }{:}))
dlg_error('Title’, "Error’, ’'String’, fields_err{i});
res = 0;
return ;
end
catch
end
end

Listing C.4: gettextfunction Code

handles, varargin)
%GET.TEXT Reads the data from some given GUI's fields and writ
%it into a given object attributes.
%
% OB = GET.TEXT (OBJECT, FIELDS, FIELDSEXT, FIELDSFCN, HANDLES
%

% OBJECT Object with the data.

% FIELDS Cellarray with the name of the fields/attribute
% FIELDSTEXT Cellarray with the name of the GUI's fields

% parameters where to read the data.

% FIELDSFCN Cellarray with the handles to the functions

% responsible of transforming the data from each
% GUI field (string) to its related object

% attribute .

% HANDLERS Handlers structure of the GUI.

% OB Object modified.

%

% Pablo Ferrandez de Dios, LTU, 200903-10

if nargin >5
setfcn = varargin{1l};

else
setfcn

@set;
end

function ob = gettext(object, fields , fieldstext , fields.fcn ,..|

€S

S.

ob = object;



try
for i=1:size(fields , 2)

try
ob = setfcn(ob, fields{i}, :
fields_fcn{i}(get(handles .(fielddi}),
fields_text{i })));
catch
end
end
catch
end
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Interfaces

DR 0l

Erter the name of the newy model:

Create | Cancel |

Figure D.1: Create new model interface

EEE— o

Eriter the name of the model:

I mine_process

Renanme | Cancel |

Figure D.2: Rename model interface
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=100 ]

— Blending tank
— “ariahles

Contral;

Meazured: |

Disturhann:e:'

Reference: |

Estimated: |

Mum. block inputs: I
Mum. block outputs: I:I

¥ Showe control structure layer Define control structure layer

Accept Cancel

Figure D.3: Component properties interface

=0 x|

— R

Linked to: IEiIending tank j

Saturation: | Mum. bilock inputs:[ Mum. block outputs: I

Wyiarking pnirrt:| — Sitmulstion input

Range: I i~ Ramp Slape; |
Delay:; I " Step Elefn:ure:l After: | Tiitties I
Sle C Sin Freguency: [T Amplitude; I—

[ Showe link i+ Cther Define |

CR

Dezcription;

|D—;.:| ..............

Accept | Cancel |

Figure D.4: Variable properties interface
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Properties

Figure D.5: Layer block properties interface

Import models

Figure D.6: Import models interface
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) Interaction figure =10l =]
File =
— Wiey
tMoving variables [¥ Cortral variables [# Reference variahles
Model - Interaction figure d [ Measured variables [ Estimated variables
[+ Disturbance variables [+ Models
¥ Interactions [~ Rest
Re-arrange variables | E'{ | ™7 MODDE data I component names
Check all | Uncheck all |

Refrezh

Figure D.7: Interactions figure interface

i

Yariahles in the MODDE file: “ariahles inthe MODDE graphic:

I r— | I . |

Add zelected = |

= Remove selected |

== Remove all |
[ =l

Fitter: ns Read data | Cancel |

Figure D.8: Read MODDE data interface



) Select Frequency Domain/Interaction Diagr - |I:I|i|

— Freguency DomaEin———— — — Interaction Diagrarm
f SET
¥ SDPT _
" Propagation of Effect fram:
™ FDPTr & SDTFr |er =
™ Effects in state:
¢ FDPTc & SDTFc [mass £

Accept | Cancel |

Figure D.9: Select Frequency Domain/Interaction Diagrams

J. Simulation options -0 x|

Input varisbles: |

Cutput varishles: |

[v Discrete time mode Zample time: I 0

[T Alltranster functions with same sample time

Initizl time: | ] Firal tirme: | 10

Simulate | Save | Cancel |

Figure D.10: Simulation parameters interface
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) Transfer function =101 x|
Input variables: | ul Output varisbles: | h
— Transfer function

% Transfer function Num.:l 1 Den.:l {1}
" State space Uncertainty

& Mone  ( Muttiplicative  Additive

Remowve |
Num.:l Den.:l

[+ Cizcrete time Sample time:; I unspecified

Save | Cancel |

Figure D.11: Transfer function definition interface

) Transfer function =101 x|
Input variables: | ul Output varisbles: | h
— =State space
A : E :
" Transter function 101 B [ 11

{* State space

o [01] O [0]

Remae | Initial values: | [01]

[+ Cizcrete time Sample time:; I unspecified

Save | Cancel |

Figure D.12: State space definition interface

&5 ¢ Error

This name is already in use for anothar signal structura layer
an the current model, Please, specify another,

ox

Figure D.13: Layer name duplicity warning dialogue
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Figure D.14: SDPT result
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Figure D.15: FDPT/SDTF graphical result
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Figure D.16: MODDE data example
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