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This Program shows main principles of programs, which can help to make decision, using knowledge of

Abstract
This report contains information about "System Selection Assistant”"(SSA) - Program, which can help
customers of manufacturing company to select optimal electro-mechanical system for their purposes.

experts. Program consists of two main parts: "Expert’s part" must be tuned by expert and "Customer’s
part"can be used to make final decision about optimal parts of system.
This report describes all parts of SSA program and shows simple example of selection parts of

electro-mechanical system.
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1. Introduction

Just imaging that you need System to
make mechanical motion (for example,
opening doors, rotating spindle, etc).

For this purpose you have to use DC
motor, Encoder and Control System based
on Microcontroller. You also have limited
fund.

The Company who makes systems like
you need and has big experience in this
area can help you. You should select DC
motor, Encoder and Control System. Cost
of the DC motor depends on its power.
Different types of encoders have different
values of resolution parameter and their
cost depends on needed accuracy. Control
System is electronic circuit, which reads
information from Encoder and controls
speed and position of DC motor. Control
System consists of system board - main
circuit and microcontroller. For this
Project we suppose, that several types of
system boards for different
microcontrollers have the same cost,
because it 18 not important to this study.

Cost ol microcontroller  depends  on
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performance, and in this project we
suppose, that we can use any kind of
microcontrollers in each System.

Different purposes of customers need
different configurations of systems. The
first customer wants to use his system for
slow motion with high accuracy; the
second customer wants to use his system
for fast motion with low accuracy, but the
third customer needs fast system with
high accuracy. Which combination of
components of system will be the best for
each customer? It's better to use special

software, which helps them to select
components of system. This software
already tuned by experts and every

customer can just set their conditions and
see recommended system combination.

2. Problem Statement
For achieving goals described in
previous part we should create special
software. This Program has to consist of
two main parts: Expert's Part and
Customer's Part,
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In Expert’s Part expert should set up
evaluation method based on Fuzzy Logic,
and in Customer's part customer should
input his financial and accuracy conditions.

Also Customer’'s Part should realize
automatic  search  of optimal system
parameters.

To create evaluation method based on
Fuzzy Logic we must create all parts of it
from fuzzy-sets and fuzzy-numbers to "I

{--then---" rules, inference and
defuzzilication {11].

Using this Program should be very
simple for users (for expert and
customer), so it must show all steps
clearly.

3. SSA program

SSA (System Selection Assistant) is the
name  of program, which realizes main
primnciples described in previous part. This
Program is written with Borland Delphi 7
IDIE.

Program consists of expert’'s part and
customer’s part.

Expert’s part consists of first three
tab—shecets of  main tab-control of
Program. First  tab—sheet 1s used for

fuzzyv-sets. Sccond tab-sheet is
used for creation fuzzy-rules table. Third

creation

tab-shect  is used  for  inference  and
defuzzification,
First  step of using  this Program is

creation of {uzzyv—scts and [uzzy—-numbers
of these sots.

On  the You
screenshot ol forse tab-sheet.

picture 1 can  see
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In this tab-sheet you can create
fuzzy-sets using "Add'button. For each
fuzzy-set you must input name and
working range. Also you can input Step
parameter, but it is wused only for
visualization of axis.

Use the second "Add" button to create
fuzzy-numbers. For each [fuzzy-number
you must input name, values of left, top

and right vertexes of triangle. Also you

must select Type of fuzzy-number. You
can select "Middle" to create triangle,
"Left" to create triangle without left
vertex or "Right" to create triangle

without right vertex. For example, if you
select "Left" type of fuzzy—number it
means that output value of any input value
less than value of Top vertex is equal 1.

When you edit parameters of
fuzzy-sets or fuzzy-numbers Program
automatically draws them in Graph-box.

After creation of fuzzy-sets you can
build fuzzy-rules table. Use Function
tab—sheet to do it. You can see it on the
picture 2.
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Fig2. Table of "If-- Then-" rules

In this tab—sheet you must select input
and output fuzzy-sets from combo-boxes.

After that Program creates empty
rectangular cells table. Now you should
fill this table. For this choose cell and
select value in combo—box at the bottom
of window,

Now. setlings of Expert's part of
Program are fimished.

Inference and defuzzyfication

You c¢an lest working  of  fuzzy
mference and  defuzzification. To  do this
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use Calculation tab-sheet. You can see
Calculation tab-sheet on picture 3.
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Fig3. Calculation tab-shee In this tab-sheet you should input
Control  System  Cost, Motor Cost,
In this tab-sheet you can input crisp Maximum System Cost (it means your
value of input parameters and press fund) and  System  Accuracy into
"Calculate" button. Program automatically input-boxes. You can manually select
selects input fuzzy—numbers with values. different microcontrollers and Encoders
After that it builds "if---then--"rules, using from lists and Program will show you
Memdani method [2],[3]. At last Program Total Cost of system, Max Speed and
defuzzifacates figure to crisp output value. Final Accuracy. Also Program shows you
Program uses "Bisector of Area"method. System Quality in progress-bar and Color
For calculating area it uses numeric Light.
integration of final figure. So it allows When you press "Find Optimal" button
showing output value with 3 digits of Program finds all system combinations for
precision. you financial conditions and shows them in
Customer’s part consists of last two Report.
tab-sheets of main tab-control  of You can see Search Report of Report
Program. First tab-sheet is used for input tab-sheet on picture 5.

financial conditions. You can also use this
tab-sheet for checking cost of different
system combinations manually. Second T :

tab-sheet is used by Program for output Search Report

report for customer. Vo o ey 82
i Minimal System Accurancy 02
For selecting system you should use Found ysiems 11100
System tab-sheet. You can see this Srsem 1 (coaiiom of quoli: 1)

Final System Cosl. 52

. Finaf Systern Accuracy 0.2
tab—sheet on picture 4. Kol Spoc 400 RPN

A rocantrofler ADUCBSS (AD. 12MHzZ)
Encoder 119A (LIR, 18000PQ}

Generstion Date 2311 2005

Figh. Search Report
In Search Report program shows Search
Parameters, number of found systems and

descriptions  of ecach system. The most
optimal system 1s {irst, but vou can sclect
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another system because final selection

depends on your opinion only.

4. Computer simulation

[Let's imagine that you need the
clectro-mechanical System. Parameters of
this system arc:

- Control System Cost - 10;

- Motor Cost - 30;

- System Accuracy - better than 0.01°;

- Maximum System Cost — 100.

You should input these values in
input—-boxes like shown on picture 6.
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Figh. Example of financial conditions

When you input parameters you can
press "Find Optimal"button and Program
will generate Scarch Report for you. You
can scc it on picture 7.

£ System Setertlon Asssstans

Fuy Setngs Fumton Corvdanrs Symem Reout

Fagae

Search Report

Seatch palamsims

ot
Aty P02
£ i gders 4NN

Syste #1 [corflicient of quatity: 0,303
> 'l

Fig7. Loxample of Scearch Report

You can sclect vour al Syvstem from
this list or you can inpnt new financial
|)J|I'.’l]|](‘[(‘l'.“.
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So, you can select your System in
several steps. It 1s much more useful and
it takes less time, than trying to select
parameter of system manually. For
example, in the Lists of Components of
this Program there are 10 items in each
list. So, we have 100 combinations of
system parameters and we have to waste
long time to choosing them manually.

5. Conclusions

When we don't know exact relations
between parameters of used components
and final quality of electro-mechanical
System it 1s very difficult to make
decision, which System is better. Even
excellent expert can't say exact
mathematical function of their relationship.
In this case we should use Fuzzy Logic
Theory to create evaluation method. We
can use knowledge of expert about
different combinations of system
parameters and these knowledge help us
to evaluate others combinations.

The example presented here
how to realize this method easily.

shows
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