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Abstract: The development of fuzzy regulators designed for conduction of neminimum faze sistems
need a great volum of work conected to: defining the basic rules, chosing the values of free
parameters of fuzzy regulators and checking the stability of the automated guiding sistems with fuzzy
regulators. The objectives of this paper consists in the application of FuzzyLib library regulators to
develop quasi-fuzzy PI Mamdani-type equipment for laboratory management system with three tanks
and the modification of software and interface to enhance the existing flexibility in the sense of

providing the facility to develop more regulators.
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1 Introduction

Three tank system (3TS) is a model player for
teaching that has been very used (and beloved) for
study management solutions automatically. That the
system is strongly nonlinear, with different
possibilities of disturbance made this system to be
present as a model for study in all laboratories of the
Faculties of Automation reputation in Europe
(Duisburg, Budapest, Vienna, Lund, etc.). To refine
this system it was tried to develop a fuzzy regulator
development to it. Fuzzy regulators belong to the
class of general non-linear regulators [9]. So their
input-output is defined by unambiguous feature static
entry. Unfortunately, now there is no general method
available for developing fuzzy crowds convenient
and no adjustable fuzzy rules for solving a specific
problem/application. Details of the modules of fuzzy
regulators and fuzzy regulators development in of
different structures are presented in [16]. Study of
the various classes of fuzzy processes of interest
from the regulator and from the system as a whole by
analysing the effects of changes in process
parameters led to the achievable performance of
automatic systems operating on the basis of the
proposed solutions [3], [4].

2 Presentation Three Tank System
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2.1 Description of Three Tank System

The system is composed of three modules
construction (parts), Fig.1 system with three tanks
(process driven), including the execution (pumps)
and measurement (sensors), the electronic element of
performance actuator and plate DAC98 management.
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Fig. 1: Three tank system, inner scheme.
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Leadership is provided by the management DTS200,
which is supplied with the source design, allows for
new software license. The maximum that can be
attained is 60 cm (3 cm), after which - by the entry
into service protection - pumps are disconnected
automatically. Pumps are involved in DC-motor. For
simulating disturbances in the system simulation, the
interconnection piping and leakage rated valves are
equipped with rosettes. At the same time each tank
has a direct exit to the pool to collect the liquid.
Measurements of the liquid levels are made for each
tank by piezorezistive pressure transducers (Fig.2).
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Fig. 2: Three tank system (the process).

The actuator includes the implementation and the
measurements and is intended to convert the liquid
(from the three tanks) in tension (to the numeric
computer), but also to amplify the signal voltage
from the computer in signal voltage to pumps. Part
of the electronic element of execution is equipped
with two internal plates (SERVO), one for each
pump. For each of the pumps, there is the possibility
of crossing the "Manual" mode "Automatic" and vice
versa, respectively, with potentiometrelor P1 and P2
exist and can "control" the flow of the two pumps.
The SENSOR allows measurements (blood) flow of
two pumps (entry two elements of execution) and
measuring the corresponding voltage level of the
liquid tanks (measuring output elements). The
SIGNAL ERROR is the additional "kit" of (option
Opt.200-05). It is dedicated to the control system of
the sensitivity errors measurement. With a
potentiometer one can adjust (in percentages) the
sensitivity for each tank separately and for each
pump [2], [10], [11]. To avoid leakage of liquid
outside the tank, where in the mode "Manual" is
reached the limit of a reservoir, the electronic
element of performance actuator was fitted with
automatic stopping the pumping of liquid if the limit
is reached (protection).
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DAC98 management board is the interface with the
regulatory automatic structure. This plate with the
different "kit" sites of additional programs (in case
the system is equipped with Opt.200-02, representing
the program itself DTS200, Opt.200-03, representing
the sources of leadership itself DTS200 and Opt.200-
05, these being the disturbance power modules) will
have various case studies on the analysis 3TS [2].
The plate is connected to the electronic element of
performance (current) through a cable exit of 50
pins.

2.2 The DTS200 Management System 3TS
The management program is a 16-bit software with
the default 50ms sampling, but adjustable between 1
and 54 ms. The interface was written in Borland
Delphi 1.0 and the adjustment in Borland C++4.52.
Both programs were provided with equipment
(Opt.200-03). The package contains programs and
files in May:

- DAC698.DRYV - for access to the PC card;

- PLOT16.DLL - for graphical output;

- DTS200.HLP - help file;

- BC450RTL.DLL - library "run-time";

- TIMER16.DLL - call library that supports the
functions of cyclic SERVICE.DLL.
Description of management program submitted
under this subparagraph relates to the existing
interface supplied by the firm. Interface created in
the ninth paper will be presented in paragraph 4.
Presentation is important because the new software
and new interface is a generalization of those
presented here. Interface features in this
subparagraph shall be transferred to the new and
expanded.

3 Library Fuzzylib for Regulators to

Implement Fuzzy

Library FuzzyLib is built version FuzzyLib FL801
[1] as a strictly hierarchical structure. As a
programming language oriented on objects can
achieve this, the library has been programmed using
programming language C++ [14]. In C++ classes
form the basis of object oriented programming.
Typical use for classes is that they are used to define
the nature of an object. In fact, C++ class is the basic
unit of encapsulation [15].

Fuzzy crowd is the lowest level of the hierarchy
mentioned. To this end, for the fuzzy crowd a
separate class named FuzzySet was defined. Since
almost all processing of the structure of fuzzy
regulator using fuzzy variety, design class was
conducted in conjunction with optimization and run
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times, while providing a universe of discourse is as
high as possible. Since these issues completed each
other, it was necessary to find a compromise
between time and operating flexibility. A “double”
representation was chosen because it is supported
directly by the arithmetic co-processors. Instead, to
run the library it is recommended to use a computer
that has good performance even in the representation
of numbers. In the absence of an arithmetic co-
processors, fuzzy library can be applied only in the
simple calculations or offline. Representing numbers'
double 'has the advantage in that it provides a field
of virtually unlimited basis for fuzzy crowds.

Class FuzzySet [1] is represented by polygonal
lines [16]. This line is cached in the form of pairs of
numbers with values x/y, corresponding to the
amount of farms/extent of the firm being related. An
object of class FuzzySet can theoretically reach
32,768 of these values. The next level in the
hierarchy of the library is represented by a fuzzy
linguistic variable. This variable is included in class
FuzzyVar [2]. A linguistic variable combines a lot
of the same fuzzy universe of discourspare and
process elements of every type in the FuzzySet.
The values of x/y of objects of type FuzzySet class
FuzzyVar will be automatically extended so as
crowds fuzzy all contain the same number of values
x/y (about scaling the crowds). X coordinates of the
x/y are identical. Regarding the running time, it is
recommended to use as few values x/y possible (3-5
are enough) and to use the same x coordinates in the
x/y of crowds that are grouped in a single linguistic
variable. Fuzzy rules for adjustment are built in the
form of types of objects of class FuzzyRule [1].
Class FuzzyRule combines linguistic variables of
input and output with the terms of respecting
linguistic syntax rules regulating fuzzy. For this
purpose, to each rule must be generated each an
object separately. FuzzyRule class includes
functions to interpret the rules regulating fuzzy.

4 Implementation of New Management

system 3TS

4.1 Solution Based on Using a Fuzzy
Regulator of Non-PI

The integration of the RG-F itself may be introduced
in two ways: on exit RG-F, resulting in so-called
RG-F-PI with integration in an exit standard for
entry RG-F, resulting in so-called RG-F-PI with
integration in an entry standard. A disadvantage of
the RG-F-Pl-standard IE is the relatively high value
increment command module, [*u,|, where e, Ae, and
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have the same sign, similar disadvantage RG-F-PI-I1
standard is the high command module, [u,|, where ey
ey, and have the same sign. Disadvantages mentioned
are poignant when, due to the positive zero in the
transfer function of the running processes. Fuzzy
regulator of non-Pl-based rules as amended and
distribution of membership functions for linguistic
terms of the order is made for managing systems
with non minimum value and is applicable for the
version with integrated regulator and output for
integration with the entry regulator [12], [13].

Regarding fuzzy quasi-regulator of the PI output
/command, the standard variant (RG-F-quasi-
standard IP-IE), it is characterized by dynamics that
is inserted through (see Fig.3 where omitted to
simplify the presentation scalar blocks).

w7 &

Ay i Y

RGF

Fig. 3: The structure of an RG-F-cvasi-PI-IE.

4.1.1 Changing the Management System 3TS,
DTS200 for PI Variant with Regulators PI and
other Regulators Fuzzy
Program management is a 16-bit software. The
interface was written in Borland Delphi 1.0 and the
adjustment in Borland C++4.52. Both programs were
modified astfe to be used by users in their
experiments. The package contains programs and
files in May: DAC698.DRV (for access to the PC
card), PLOTI16.DLL (for graphical output),
BC450RTL.DLL (library,,run-time”),
TIMER16.DLL and SERVICE.DLL (part regulation
and control). Part of the program files have been
modified to achieve the adjustment and control. Of
files added in addition to routine adjustment fuzzy
and libraries to create new command SERVICE.DLL
include fuzzyCTL.cpp, and
fuzzy.lib. In the program a modification was
made to the graphical interface so that a
bettercommunication between the user interface can
be achieved. Thus, the interface implemented by the
producing company were introduced into the menu
"Parameter”, "Run" and "View" a series of submenus
devoted most visible achievements of a fuzzy
controller for the “Three Tank System". Run menu
(Fig.5) includes adjustments to the system
configuration. Thus were introduced submenus
Fuzzy Controller and Reset
Submenu Reset Fuzzy
installs a structure regulating the

ruleBase. fuz

Fuzzy
Controller
Controller
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fuzzy regulator. When another previously regulator
is active, the generators of such default (for the
liquid levels in tank 1 and 2) are reset.

X. DTS20 for Windows BEE
File [O-Interface NEEENEES Run  View Help
Decoupling Controller
PI-Contraller
Fuzzy Controller I
Active contro
Characteristic Liquid Level Sensor
Cutflow Coefficients nk 3 Tank 2
Setpoint liqu Characteristic Pump Flow Rate 15.00 cm
Measured liquid level 2818 cm 31.90 cm 2757 cm
Liquid level difference 1.82 cm 1257 cm
Pump control signal 0.00 mlfs 0.00 ml/s
Pump flowrate 0.00 mlfs 0.00 ml/s
Measurement
Not active

Fig.4: Menu Parameter with sub-menu Fuzzy
Controller.

Submenu calleset Fuzzy Controller, the two
submenus PI Reset Controller and PI
Controller to disable all set to eliminate any
accidental activation of the two submenus, for
reasons outlined above.

£ DT5200 for Windows
File Io-Interface Parameter View Help

Open Loop Control
Decoupling Controller
PI-Controlier »

) Reset PI-Controller
Active controller

Fuzzy Controller
Reset Fuzzy Contraller

Tank 2
Setpoint liquid level 15.00 cm
Meazured liquid level m 2757 cm
Measuring
Liquid level difference ez um 1257 cm
Pump control signal 0.00 mifs 0.00 mlfs
Pump flowrate 0.00 mifs 0.00 mlfs
Measurement
Not active

Fig. 5: Menu Run.

Submenu Reset Fuzzy Controller variables
regulator resets the time of analysis. In the interface,
so in Delphi 1.0, was a 3D graphics for fuzzy
regulators corresponding to the two reservoirs. Thus
in the View menu was added to a submenu Fuzzy
3D, which includes two or among options. Submenu
Fuzzy3D was introduced in order to view the static
characteristics of fuzzy regulators. By selecting one
of the two options (Controller fuzzy 1 or
Controller fuzzy 2) will appear on-screen 3D
graphics illustrated in Fig.6 [18]. Regarding the
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programming in C++ to create file fuzzyCTL.cpp
to use as interfacing between the rules
ruleBase.fuz and service.cpp where the flow
is calculated from the two pumps. Flows of the two
pumps are then converted into the current so that
according to a desired flow rate, it is more or less
pumps are to send a current higher or lower.

. Bl
DTS-Monitor
| RULEBASE.FUZ -]

R-Axis:
min_/max.:
Y-Axis:
min./max.:
Z-Axis:
min./max.:

xLabel
xmml abel
yLabel
ymmLabel
2L abel
zmmLabel

v Grid

Iv Surface [v Color
v Coordinate box

[ Coordinate system
[ Low resolution

-
Rotate a:
ﬂ J j \/ Qlus;amg
Rotate b: b §
AL (2 e ]

Fig. 6: Exemple static characteristic from fuzzy
regulators.

FuzzyCTL.h file contains attributes and methods
CfuzzyController class, the Ilast will be
implemented in the file fuzzyCTL.cpp. The data
that are declared private are: time, start (the first
step, when the error from the previous step initializes
it with 0), errors (determining the number of errors
occurred), m_errorOldvalue (error value from the
previous step), m fuzzy (variable Fuzzy type) and
result (the output). The methods are all public:

- load - load file descriptive fuzzy. Under this
method is called Fuzzy class methods to
implement fuzzy regulator: the class constructor
method generate( ). All errors occurred in the
operation of obtaining a fuzzy object type (which
will be in soft fuzzy regulator actually) are written
into a file in the current directory which has the same
name as the descriptive fuzzy (which is passed as a
parameter function) but extension. out.

- compute Parameters - this method calculates the
output uy. RG uses a quasi-F-PI-IE. Derivation of
numerical error adjustment in the form ek increment
error adjustment:

Aey = ex— ek,

(1

is obtained as follows:
m _errorVariationValue=(m errorCurrentValue
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-m_errorOldvValue) /SAMPLETIME,
where m_errorCurrentValue value is the current
error and send as parameter to this function,
m _errorOldValue mean error value from the
previous step and is SAMPLETIME sampling
period. Incrementing number of increment Auy order
to obtain such
fuzzyOutputs *SAMPLETIME;
where is the exit from fuzzyOutputs fuzzy
controler [19].
- resetController —regulator;

- GetName returns the name-fuzzy descriptive
char*CFuzzyController: :getname (void)

4.2 The Solution Based on Using Two
Regulators PI
The main block diagram of the system with three
tanks is shown in Fig.7. The basic relative reasons of
the system were presented through the following
guidelines: e, evacuation fenomenon of the liquid on
the inside (through its on valves) and g, depletion
fenomenon of the liquid on the outside (through the
nominal valve). Tanks 7} and 7, are fed from pumps
p1 and p, with debits g, and ¢, mean while tank 73
is being used as a tampon tank.The levels in the
tanks are mesured with distributors TN1 (for T)),
TN2 (for T,) and TN3 (for T3). The levels from the
tanks depend and the debits wich flow through the
six faucets Ole1, Ole2, O3, 031, 032, Olg2:

- O, Oe2, O3, Oy — Of depletion (means disturbance)

- 031, O3, — ensures trade of fluid betwen tanks 7} -

T; respectively I3- T, .
The six faucets are identical, having section S.

U =X _
mENM =y,
-—] "N

Up> = Xopn

—_—
quzl____—‘k
-t

n DA T2 ! —
hyH——
by f : 5.5.g |

5 (131 O o | L0 Y
al I\/I I\/I DG
) A] —I'- A3 —b— AZ § L.
3y [ e Rr)

el Qes 9,

Fig. 7: Main block dlagrame 3TS.

The purpose of regulation is constant mantaining of
liquid levels in tanks 7; and 7,, /#; and #h,, through
the debits of filling ¢gp; and ¢p, and through the
tampon tank 73. Disturbant effects are [6], [7], [8]:

- the level in tampon tank 75 ;

- leakage of fluid through faucetso, 02, O3, O
marked through debits g, , q.2, 9.3, 920 -
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Trade debits g3 and g3, are being considered
if hl > h3 and q13 <0, if hl <h3
respectively g3, >0, if s3> h, and g3, <0, if A3< £y .

oriented: ¢3>0,

4.2.1 The Nonlinear Mathematical Model
Accepting the hypothesis of ,,uniform environment”
and of a report betwen section of a faucets and
section of a tank very small:

— <<,

2

The flow speed of the liquid will be given by the
formula [6]:

= 1lng/’l 5

In wich Ah represents the difference betwen the
interconected tanks. For the two interconected tanks
(T\-T; respectively T3-T>) the ecuation of Bernoulli is
customized by this form :

Vi3 = Sgn(hl — Iy )\/ 2g|h1 —hy

with v;3>0 for &>h; (leakage 7} - T73) or v;3<0
for h <hy (leakage T3 — T, ), respectively:

V3p = sgn(h3 —hy )\/ 2g|h3 -y,

with vy, >0 for h;>h, (leakage 73 - T7,) or v3,<0
for hy<h,(leakage 7, - 73) and where function
sgn is wellknown mathematical function of signum:

3)

“

&)

-1,x(0
0,x=0.
1,x)0

sgn: R - {— 1,0,1} ,  sgn(x)= (6)

Concerning the volumetric balance of the liquid in
each of these tanks is given by the formula:

hiAi:Z[ iin_qiout]:qu’i: {1,2,3}. (7

In particular for each tank the formula (7) can be
written (4 =4, =43 =A):
. 1
Ti: :Z[qpl_ql_?)_qel] > (®)

. 1
T hy = Z[qu +q3 —Ger — 420] )
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. 1
Ts: Iy 22[%3 ~q3—4.) » (10)

In wich the debits have the expresions:

13 = Mg - S -sgn(hy —h3)\/2g|h1 —h3| (1)
32 = Mo S -sgnlly — )\/ 2g|h3 -hl, (12)

G20 =Hga =S 28N , (13)
i={1,2,3} (14)

Geoi = Hei S +28h; ,

The leakage g, can be treated as ,,mallfunctions”in

Hs1s g2 Hgos He;
represent the multipliers of proportionality, with
[IRS [0,1], where u=0,u=1 - completley shut off
faucet, respectively, completley open. In formula
(15) u; and u, represent the commands given to the
two pumps. For simplicity will consider products
W -S=u; (={S, S, 2, e, e, e3}). Reuniting
formulas (8-10) and (11-15) will obtein the alinear
mathematical model of the sistem 3TS:

hy :Tzusl -sgiby _}%)'\/m_;% 2gh +;Clucl’(16)
_hz).m-iuez 2gh +

., (17)

the systems. The parameters

|
=—1uy -sgnh
h P gr(3

1 1
e 28h + e

Iy ="ty sl )2 ] -
szsgf‘}@ ~I\2di—h, —fu w2gh |

For $/4<<1 report, the model is deductible with good
results in a arbitrary static functionality point A4, of

coordinates {hlo s Mo sh3gs Uergs Ueaos Hisios Msaos

He10> He20> He3oo “gZO}'

(18)

4.2.2 Linearisation of the Mathematical Model

As it is obvious, the mathematical model presented
in formulas (16-18) is a mathematical alinear model
For the linearisation of the model we use the tangent
method. Linearitysation is done equation with
equation. So for the first equation (16):
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P 2gi1+ Pk 1 (19)

=— sl ) J2h - o

£ Ky 'S'Sgn(hl —hs) |h1 —h3|

where ;S =ug;. As we can see there is a discution

regarding the sign of function 7;; depending on the
signum function value:

a) It is considered /,>h; for wich sgn (h —h;)=1and
we obtain [8]:

1
\/Tg\/hlo —hyg - Lutgy + r“smlel—

It is noted T7;; =

2 | (20)
g

Ugio
A 2\ hyo—hy

b) If h,< h; = sgn(h —hs)=—1 we will obtain

N

2 2 1
AT}, = \/Zg\/hm—hloA“m \/A_g“SlomMz(ZI)
J2g 1

Ui T —
4 2\ I50=hyg

Besides the discution regarding the sign of equation
(20) and (21) present the necesity of a discution
looking the effective difference A(ly — by ):

A) hig> hs

+ Ny

Ahl:hl_hlo<0
Ahy = hy = hyg <0t = |Aly| >|Ahs| = A(h, — h3)> 0
h >
B) hyo>hy = AL A~ k)50
= — >
10 30 h1>h3 1 )
C) hi> hyy = 7 AL )<
- <
10 30 h1<h3 1 3

We linearise then the second factor from equation

(19) T, ==—u,+/ly , where u,=p,-S from
where:

\2
AT}, = Iy + 3= il Ay (22)

Uelo
4 ° 2\ Iy
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Analog for the third term 7}; = %clud ,0r:
4
ATy == Auy - (23)

Reuniting the linearised terms (20), (22) and (23) in
the first equation of state (19) we obtain the
linearisation of the first equation of state:

Ahy = =AT;; = ATy, + AT, (24)

Al J2g

- sgn(lo — 3o )- g | - Aust

\28 1
-— ho— o) ——Ah
1 ”slosgn( 10 30)2 |h10—h30| |+

g 1
= ho — hap ) ——— Ay —
+ Ui sgn( 10 30)2 |h10 —h30| 3
R ol W S
A 4 2\

Then follows the linearisation of the second equation
of state of the alinear model, (17):

o1
hy :Zusl -sgn(h3 _hz)'\/2g|h3 —h2| -
1 ~— 1 ~— 1

Ahy +%Aucl (25)

. (20)

In wich there are the following notations: p,S =ug,,
HeaS =Ugyp, WgrS =g, . The liniarisation is done in

this case on terms, and the discution concerning the
sign of the terms are maintaned just like the first
equation of state. This way we obtain:

1

V2
ATy =———ugy sgn(h30 - hzo)‘—
4 2\/|h3o - h20|

32 g9 sgn(hg = hag)- L
4 2\/|h30 - h20|
2

+ \/A_g sgn(h30 = hy )\/ 3o — Iy Aug,

Ahy —

A, + (27)

g, 1 22

AT, ==&, Ay + 378 [ Au,  (28)
22 A e20 2\/@ 2 A 20 e2
A28 1 g
AT, = u Ah,y + Ny Au 29
23 =7 e 2\/@ 2+ oAty (29)
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ATy, =%Aucz . (30)

Reuniting equations (27-30) after equation (26), we
obtain the linearised form for the second equation of
state:

M 2
Ah> =%sgn(h30 —hy)- \/|h30 - h20| Aug, +

A2 1
Ag Usro -sgn(h30 - hzo)—Ah3 -
2 |h30 - h20|
A28 1
Rl sgn (/39 — hag )m Ahy —
ﬁ h20 . Auez — 2g uezo 1 Ahz —
4 42y

_% Jino- pugr 328 !

u
4 220 ) /—h20
Finally we make the linearization of the third

equation of state on the same principles/discussions
like the first two:

-1
hy zzuﬂ 'Sgn(hl - h3)‘\/2g|h1 - h3| -
.(33)
1 1
Z“sz sgn(h3 —hy )\/ 2g|h3 —hy| - ZueB \28h

Linearising term by term and introducing notations:
H1S =Ug, HzS =Ug, He3S =Uyz, WE obtain:

Ahy +%Au62 (32)

2 1
ATy = %”510 sgn(fy — Iy )m Ahy —
10~ 130
328 ugio sgn(hyg = hyg ); Ahy + (34)
2\/|h10 — Iy
2
+ \/A_g sgn(hyo — Iy )\/|h10 - h30|A”51
1
ATy = £ 1520 5gn(l30 = Iy )m Ahy —
30 ~ 2o
4 1
- Ugao Sgn(hso - hzo) Ahy +, (35)
|3 = g

2
+ \/A_g sgn(h30 = hy )\/|h30 - h20|A“S2
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\2g 1 \2g
ATy = Ue30 Ahy + ==y Au3 . (36)
4" g 4

Reuniting equations (34-36) we obtain the linear
form for the third equation of state:

Ahy = ATy = ATy — ATy (37)
Ahs = \/Esgn(hlo — h3g)-yJlo = h3o| - Aust +
2 1
—g”slo sgn (g — h3g ) ——= Al -
2 |h10 —h30|
2g 1
———ug sgnlhyy — hyy ) ——==Ah3 -
4 10 g (10 30)2m 3

fz

7sgn(h10 ~ 3o )- |h10 - h30| - Aus2 —

2 1

Ag Us20 sgn(h30 =y )—
2\/|h30 - h20|
2g 1
Usro sgn(h30 - hzo)—Ah
4 2\/|h30 - h20|

2 A2
_Neg A £ Ue30 1 Ay (38)
A A 2\ hy

By this the mathematical linearised model is:

Ahy +
) —

2
Ahy =—%sgn(hlo — h3o) - ylo — ho| - Aust —

2g 1
—Ugg Sgn(hlo _hBO)—AhI +
4 2 |h10 _h30|
N S
2 |h10 - h30|

W C .

e a4 2 ny,
- 2
Ahz = \/A_g sgn(hy — g )- \/|h30 = Iy Augy +

L
2 |h30 - h20|

Ahy —

2
+ £ Ui Sgn(hlo - h30)

Ay +%Aucl (39)

2
Tguszo ‘Sgn(hso - hzo) Ahy —

1

S — -
2 |h30 - h20|

2
- Tg“szo sgn(h30 - hzo)

iz
A

Vg, 1

Ueno 2\/@

Ah, —
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2g V28 c
—Tﬂ h20 . Aug2 —Tugzo Ahz +7?Au02 (40)

1
- 2
Ah3 = \/A—g sgn(fyo — fi3)- o — ho| - Aust +

2g 1
—uo-sgnlly g —hyy ) ——== Al —
10 g (10 30)2 |h10—h30| 1

\2g 1
W0 sgn(p— hao)m Ahy —

2
\/A_g sgn(fo —hy )- \/|h10 - h30| “Aus2 —
1

V28
— = U0 5gn(hg — iy ) ————=Aly +
4 2l — g
1

2g

|
= hyy — hyg | ————=Ah, —
U0 sgn( 30 Zo)zm 2
2 2 1
_% I 'A“e3_\/A_g”e30 2\/@

The mathematical model obtained complicates in the
situation in witch 4;) and #;, are slightly equal and
there is a passing through /,=h;. In this case the
linearised model can lead to failure. Through
linearization is decided that

Sgn(hi _hj):Sgn(hiO _hjo)’ ij=1{123};

Ahy (41)

The discussion concerning A(h; —h,) needs to be
considered like wise the discussion had at A(k, — Ay ).

The vector of disturbance - like it can be seen from
the linearised model - is:

V= [AUSI AZ/ISz Auel Auez Aue3 Augz]T .

4.2.3 Changing the Soft for the New
Requirements

In the received software from the production firm the
problem of the PI controler is treated for each tank
individualy, but the interface aswell as the program
transmit the same data. The two parameters from the
adjustment equation implemented by the producer Pi
and Ki, are the same for both regulators. In the
modifyed version the user has for the first time the
chance to transmit to the sistem two sets of different
parameters, Pi;, Pi,, Ki;, Ki, Also the interface
allows separated functioning of the two pumps
depending on the given parameters.it is allowed to
start any pump, and then at a chosen interval of the
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user starting of the second pump. Optionaly we can
start both pumps once by activating submenu “Run
Both”. We realised changes both in the interface
aswell as in the C++ part, but following continously
the given codeby the production firm. Thus to be
able to introduce differentparameters for the two
regulators, appropriate to the two pumps, file
dlls.pas, wich keeps global data has been
modified. Other mofications were made to the run
menu wich allows the simultan starting of the
regulators according to Fig.8 [5], [17].

£ DTS200 for Windows - [of x|
File IO-Interface Parameter Yiew Help
Open Loop Control
Decoupling Contraller |
PI-Contrallers PI-Controler 1
: Reset PI-Controller PI-Controler 2
Active controller
Run Both
Tank 2
Setpoint liquid level Measuring 15.00 cm
Measzured liquid level 28.18 cm 31.90 cm 2757 cm
Liquid level difference 1.82 cm -12.57 cm

0.00 ml/s
0.00 ml/s

Pump control signal 0,00

0.00

milfs

Pump flowrate mlfs

Measurement

Not active

Fig. 8: Menu ,,Run,, with given modification.

As an observation the submenu PI-Controllers
allows the starting of any regulator, but it wont
allow but stopping of one single regulator or after
starting one to try activating submenu “Run Both”.
Aswell, the frame “Active controller” will
detect the presence of PI-Controller 1 or PI-
Controller 2, and will detect every time the two
regulators will work at the same time eve if these
two will work together when activating submenu
“Run Both” or when activating simultaneously.

4.2.4 Generating of New Programs

For a previous developement stimulation of the two
variantes aswell as the whole sistem were kept the
two variantes program sources aswell as the sources
given by the production firm, this way, making
possible generating of new execution programs. The
only restriction is to have Delphi programs (to create
the interface) and Borland C++ (for the adjustment
of DLL files). For the generation of the new
programs it’s necessary to copy the disks on the
hard-disk, by following the same  subdirector
structures from the disks. This way after copyng, we
need to find directors: DTSDESK (contains file
Delphi Project DTS200W.DPR with all files source

Pascal for generating the interface), CONTRDLL
(contains file Borland Project DTSDLL.IDE
ISSN: 1991-8763
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together with all the sources files C++ to create the
new file DLL of adjustment - SOURCE.DLL) and
EXE (contains all additional files needed for the
executable program - DTS22.HLP, DTSW16.INI,
DEFAULT.CAL, DAC*DRV, TIMERI16.DLL,
PLOT16.DLL, BC450.DLL). After creating a new
package of programs (interface and/or adjustment -
DLL), these need to be copyed in subdirector EXE.
In the attempt to create a new programs packet
(specially of adjustment - DLL), will need to pay
extra attention at library fuzzy.lib wich might
need to be reruned

5 Conclusions

If the existing interface allows implementation of
two PI regulators with the same regulation for two
tanks of 3TS new interface implementation allows
two separate PI regulators to operate as separate
systems for automatic monovariable level of one
tank, as together as systems of multivariate
automatic. In addition, the interface allows
implementation of two separate regulators fuzzy
quasi-PL. In this way a multidisciplinary paper was
obtained with work that includes knowledge of
hardware and software and setting. A fuzzy regulator
per-say represents a alinear element, without
dynamics. Dynamics is practly introduced on the
outside of the fuzzy regulator per-say in two ways:
dynamic refinemnet of the entrance sizes (prior
fuzzyfication) or dynamic refinement of the exit
(command)(aftert defuzzyfication). Neminimum faze
systems show some propertyes wich are not
convenient in leading like for example the
characteristic faze—pulsation strongly drops with
pulsation grouth behaviour in time dominium is
deflecting from the usual behaviour of the minimum
faze procesors. As drawbacks of the fuzzy
conduction we mention: it needs experience from the
designer regarding selection of some free parameters
of RG-F so it obtain the best behaviour of
automated adjustment cu RG-F, due to high level of
calculus, implementation is more difficult compared
with implementation of conventional regulators.
Fuzzy regulators (RG-F) with dynamic  (type
Mandami) show the following advantages: they are
easy to design; they don’t need an exact
mathematical modeling of the process; they ensure
dynamic performance and stationary very good in
the automated adjustment in wich are framed, higher
ensured performances of conventional regulators; as
opposed to conventional regulators behaviour, they
can ensure automated adjustment in wich a better
behaviour is frame for the parameter modifications
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to the conducted process Due to the number of
parameters from the fuzzy regulators structures to
develop the fuzzy regulators (RG-F) and giving
these parameters is necessary the usage of adequate
developments environments. The mathematical
model of the conducted process from the frame
“three tank sistems” is multivariable of third level
and strongly alinear wich brings difficultyes in
stabilisation and adjustment in adjustment issues of
the liquid level from the two exterior tanks (tanks 1
and 2). Fuzzy regulators after the exit (after
adjustment eror) or after state can satisy in these
conditions compared to other conduction. Altough
full of contradictions spectacular developments of
the fuzzy conduction of the environment needs to be
searched in more directions like: fuzzy conduction
wich ensures the adequate performances where price
of some” special” performances becomes very high:
fuzzy conduction can be abstract of mathematical
modelling and of special mathematical development
,wich in some aplications leaves open field to
“engineering empiric”’; fuzzy conduction can be
implemented in more aplications with relatively low
prices, more convenient then using other conduction
structures.
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