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FUZZY ALGORITHM FOR THE COMMAND OF THE POSITION FOR THE PISTON OF AN
ELECTRO-HYDRAULIC SYSTEM
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ABSTRACT. This paper presents the way to create a fuzzy regulator used to command a fluid flow servo-valve with force reaction, this servo-valve being the
execution element of an electro-hydraulic adaptation system which adjusts the position on one axel. Practically, beginning from a value of the reference (the position
in which we wish to move the free extremity of the hydraulic cylinder’s piston’s cane), for example at half the distance the piston covers and at a value of the speed
with which the piston moves at a certain moment, the paper goes through all the stages of fuzzy algorittm and a firm value of the command which the regulator
produces in this case. The spread of the applications’ field of the numerical systems for adjustment and control of the technological processes is, obviously, sustained
by the superior performances achieved by such systems, as is the case of the fuzzy system, comparing to the conventional analogical automated systems.

AIITOPUTDHM 3A YNPABJIEHUE BYTAJIOTO HA ENEKTPOXUAPABNUYHA CUCTEMA
KoHcmanmun Kpucmunen BunaH, He6yHy QaHuena, Kepken Koncmanmux
YHueepcumem ‘KoHcmarmuH bpaHkyw”

PE3IOME. Toan fokrap MPeAcTaBs HauWH 3a Cb3[aBaHe Ha perynartop 3a YnpaslieHWe Ha CepBo-krana 3a noToka Ha (hiywpa, kato Tasn cepeo-knana e
W3MTbIHUTENHIS ENEMEHT OT eNeKTPO-XWAPAaBNAYHA CUCTEMA, KOATO Perynvpa MosuumMsTa Ha egHa OT ocuTe. Ha nmpakTuka, 3anodBaiiku OT [afeHa CTOAHOCT
(no3nuusATa, OT KOUTO MCkaMe fa NPUABWKUM ByTanoTo Ha XMAPaBNMYHIS LIMIMHABP), HANPUMED, HA NOMOBMHATA OT PA3CTOSHUETO, MOKPUTO OT BYTArNoTO U CKOPOCT,
¢ kosiTo GyTanoTo ce ABMXM B ONpeaerneH MOMEHT, JOKNaabT NpemMuHaBa Npes BCUYKM eTanu Ha anropuTbMa W CTOMHOCTTA Ha KOMaHAaTa, KOsiTo jaBa perynaropa B
[afieHns cryyait. LLIMpokoTo pasnpocTpaHeHue Ha MPUMOXEHNE Ha YMCTIEHUTE CUCTEMM 33 PEryNMpaHe W YNpPaBNeHNe Ha TEeXHOMOTMYHMTE MPOLIECH OYEBMOHO Ce
NOALbPXA OT XapaKTEPUCTUKUTE HA Te3W CUCTEMM, KaKTO e B Crlyyasi Ha PasMUTUTE CUCTEMM, B CPaBHEHWME C KOHBEHLMOHAIHUTE aHarnoroBu aBTOMaTU3MpaHu
cucTemm.

INTRODUCTION The experimental model (fig. 1) we designed to observe the

In the last years, a significant increase of the number of ways in which a fluid flow servo-valve with force reaction can
various fuzzy applications has been noticed. be controlled, is a one axel positioning system.

Applications of this type have extended upon different The servo-valve we used is one of the 72 series, built by
domains, such as: hi-tech filming devices (photo and recording MOOG and is voltage controlled (-10 + +10 Vcc), with 300Q
cameras), washing machines, micro wave devices, and also resistance at the command coil.
upon the industrial control systems and the high performance
medical instruments. The hydraulic cylinder with double effect has a distance of

250mm for the piston to cover and piston’s diameter of 60mm.
m The position transducer WE used is a resistive transducer
Servo- Position (multiple shift potent.iometer), and consists.of a §ystem whlich
valve 7 transducer converts the translation movement of the piston into a rotation
‘Zg;‘c’:fg;e | movement which is transferred directly to the potentiometer.

Acquisition|

"’iiiffﬁl‘,j: ’ board” -

The control of the process is made with the help of the
computer through an acquisition and control board which is

Engine P based on a ATMEL 89C52 microcontroller, and which
Pump’ communicates with the calculus system though the serial port.
The acquisition system has:
' | Hydraulic —an analogical input to read the potentiometer;
Br cylinder —an analogical output for the numerical-analogical
l|_| converter which controls the servo-valve;
Tank —a serial communication channel for the connection with

the computer.

Fig.1. The functional scheme of the designed
experimental system 17



DESIGN OF THE FUZZY REGULATOR
CHOOSING THE LINGUISTIC VARIABLES AND TERMS

To adjust the position of the cylinder's piston, we defined
three linguistic variables, associated to the input quantities

(position error and movement speed of the piston) and output

quantities (command):

- position error — an input linguistic variable which varies
between [emin + €ma] MM;

- movement speed of piston — the second input linguistic
variable which calculates as the ratio of the distance
between two successive readings of the position
transducer and the time between the two readings, with
values in the interval [Vyn =+ Via] mm/s;

- command - output linguistic variable which varies
between [Unin +Unay.

Observation: The variation domain of the output (command) is

considered in unities of the numeric-analogical converter

(NAC) MAX 536, used for the command of the servo-valve.

This is a convertor on 12 bits with differential output (-2,5 +

+2,5), the domain in which the command of the fuzzy requlator

varies is (0 + 4096). So:

- when we want a 0 command, the number of NAC must be
2048;

- when we want a (-2,5 + 0)V command, the number of
NAC unities must be between (0 + 2048) ;

- when we want a (0 + +2,5)V command, the number of
NAC unities must be between (2048 + 4096).

It follows a vague representation of the position error for the
variation domain [emn + €ma] mm and of the movement speed
of the piston for the [ Vi + Vma] mm/s domain, through the
affiliated functions and a vague representation of the command
for the [Umin +Uma] domain.

The linguistic variables position error may be vaguely
characterized through the following linguistic terms:
€wn — high negative position error - with the affiliation
function:
usMn:(emin , €min y €wun, ezen) (1)
€men — Medium negative position error - with the
affiliation function:
uzmdn:(eMn ; €man 0 ) (2)
€2 — zero position error - with the affiliation function:
Heze=(Ezen, 0, €zep) 3)
€mp — Medium positive position error - with the
affiliation function:
Hsmdp:(o, emdp, eMp) (4)
€wp — high positive position error - with the affiliation
function:
Hsz=(ezep, eMpq emax, emax) (5)
where €emin , €max ,€2en AND €, are given as initial
data, and other parameters are to be calculated for generality
with the following relations:

uip = emax/3; Uin = emin/3; emin =- 250, emax = 2501 eMan = 2* uip;

€mnd = Uin, emdp = uip; (6)
umap = 2% Upp; €zen = - 100; €565 = 100;

As is observed in fig. 2a and b, for the linguistic variables:
position error and movement speed of the piston, the shapes
of the affiliated functions afferent to the linguistic terms ewn, Vi,
ewp, Vi, iS like a trapeze, and for the linguistic terms €mgn, Vimdn,
€26, Vze, €map Si Vimgp IS triangular symmetric.
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Linguistic variable speed of movement of the piston can be
vaguely characterized through the following linguistic terms:

vun — high negative speed with the affiliated trapeze
function:
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Fig.2. The shape of the affiliated functions for the linguistic
variables: position error and speed of piston
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Fig.3. The shape of the affiliated functions for the linguistic
variable command
|Jan= (Vmin ’ Vinin ’ VMan 7Vzen) (7)
Vmen — Medium negative speed with the affiliated
triangular function:
“vmdnz (VMan ] den ,O) (8)
v, — zero speed with the affiliated triangular function:
bze= (Vaen , 0, Vaep) )
Vmp — zero speed with the affiliated triangular
function:
vadp= (0 ’ dep ,VMap) (10)
vwp — the high positive speed with the affiliated
trapeze function:
MvMp= (Vzep ) VMap yVmax Vmax) (1 1)



To represent vaguely the linguistic variable speed of
movement for the piston, | adopted the following calculus
relations:

Uip = Vmax/3; Un = Vmin/3 1 Viin = - 100, Viax = 100, VMan = 2* uip;
Vinnd = Uin, dep = uip; (12)
VMap = 2 *uip; Vzen = '407 Vzep = 407

The linguistic variable command can be vaguely
characterized through the following linguistic terms:
Uwn — high negative command with the affiliated
trapeze function:
Mumn= (umin y Umin s UMan » umdn) (13)
Unan — medium negative command with the affiliated
triangular function;
“Umd-n = (uMan, Umdn, Uzen ) (14)
Umn — low negative command with the affiliated
triangular function;
HUm-n= (umdn, Uninn, O) (15)
Us - zero command with the affiliated triangular
function:
UUO= (uzeny 07 uzep) (16)
Unp — low positive command with the affiliated
triangular function:
Hump = (0, Uning, Unp ) (17)
Umsp — medium positive command with the affiliated
triangular function;
“Umd-p: ( uzep, LImdp, UMap)
Uwp — high positive command with the affiliated trapeze
function:
HUM-p= ( umdp, uMap, Umax , Umax) (18)
To represent vaguely the linguistic variable
command, | adopted the following calculus relations:

Umin= 0, Umax= 4096, Uzen= 20007 uzep= 20967 Uin= (uzen_ umin)/3;
Uning=2048+ (Umgp- 2048)/2; Uminn= 2048- (Umgp - 2048)/2 ;
Umgp=2048+ Uyep + Uin; Umnan=2048- Uyen - Uin; Unp= 2048+Ue, +
2*Uin; Upn= 2048-Ugep + 2*Usy; (19)

The shape of the affiliated functions afferent to the linguistic
terms Uw., si U, is a trapeze, while the one of the Ung.n, Uman,
Unp, Unap @nd Uy are triangular symmetric as seen in fig. 3.

When | built the base of rules, | took into account:

- the number of sequences of the base of rules (not to
mistake the number of sequences with the number of
rules) is equal to the number of linguistic terms of the
input linguistic variable position error;

- we continue to consider that the position reference is
situated at the half of the piston distance to cover;

- we consider the high positive position error when the
piston is retired into the cylinder;

- we consider the zero position error when the piston is
close to the half of the distance;

- we consider the high negative position error when the
piston almost got out the cylinder;

- the speed is positive when the piston moves to right
(forward move) and negative when it moves to left
(withdraw move);

- also, the command can be low, medium and high in a
positive way when the piston goes forward, so that its
speed to become positive, low, medium and high in a
negative way when the piston retreats, and zero
command when the piston doesn’t move.
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Taking into account the considerations above and all the
situations which may appear in the regulated process, the
whole resulted base of rules is:

R1: IF (€wmo ANDvy,) THEN

R2: IF (€wn AND Vpen) THEN

R3: IF (ewn AND Vv, ) THEN

R4: IF (emn AND Vng,) THEN

R5: IF (ew» AND vy,) THEN

R6: IF (gmam ANDwvy,) THEN

R7: IF (€man AND Vpen ) THEN

R8: IF (gman AND v, ) THEN

R9: IF (€mgn AND Vpgy ) THEN

R10: IF (€msn AND vy, ) THEN

R11:IF (¢, ANDvy,) THEN Up

R12: IF (€22 AND Vpan ) THEN Up o

R13:IF (e, ANDv,) THEN Uy;

R14:1F (€ze AND Vagp) THEN Upy,

R15:IF (€22 AND Viy) THEN Upgp;

R16: IF (emgy AND vyn) THEN Upg p;

R17:IF (€mgp AND Vingn ) THEN  Upng p;
F(
F(

Uan;
Uan;
UMJ;
UM_n;
UM_n;
Umd_n;
Umd,n;
Umd,n;
Uan;
UM?n;

~_— —_ ~— —

R18: IF (enp AND Vo) THEN Upg,p:
R19: IF (€ngp AND Vingy ) THEN Upg ,;
R20: IF (enp AND Viyp) THEN Uy ;
R21: IF (ew, AND Viy) THEN Uy,
R22: IF (eyp AND Vgy) THEN Uy p;
R23:IF (ewp AND V) THEN Uy,
R24: IF (eyp AND Vngy) THEN Uy ;
R25: IF (eyy AND Vi) THEN Uy

For another value of the reference, the basis of rules will
have to be modified accordingly, in order for that a new
sequence of the basis of rules to be evaluated function of the
value. To reduce the complexity of this algorithm, we’ll
consider the reference at half the distance between min and
max.

VAGUE INFERENCE. EVALUATION OF THE IF ...THEN
RULES

The vague inference is the algorithm after which the
implications IF (premise) — THEN (conclusion), reunited in a
base of rules, are evaluated. In the evaluation of the inference
we can use the MAX — MIN, MAX - PROD or SUM-PROD
compositions.

To understand the inference mechanism which is the base of
a fuzzy regulator, we have the following case study: We
consider that at a certain moment, the position error has the
value 125 and the movement speed of the piston is 25 mm/s.

To determine the affiliation degrees of these firm quantities at
the corresponding linguistic terms, we used the affiliated
functions of triangular and trapeze type.

The afferent value of the affiliation degrees of firm quantities
¢ = 125 to defined linguistic terms are according to relation
(17).

£(={0,0,0,05,037) (20)



Proceeding in the same way for calculation of affiliation
degrees of firm quantities v=25 of piston movement speed, this
are according to relation (18).

Vp={0,0,0.37,0.75,0} (21)

In any T moment, fuzzy algorithm activate rules from BRF
(as parallel process). The output of each fuzzy rule is a fuzzy
value, which result from basic operations in fuzzy logic.
Therefore each rule from BRF represent a logic expression
realized with conjunction AND operator.

Thereafter we apply AND operation of fuzzy sets, after that
on output we obtain a punctual minimum of affiliation functions
from entire definition domain of output variables.
So, for a rule from BRF with form:

R1. IF (ew» AND vyy) THEN Uyn
we have:
WUy »=MIN (0, 0)=0;
where:
wUw »— is activation scalar value of fuzzy set Uy p.
So this is a rule which won't use because the activation scalar
value of fuzzy set Uy , of output variable is zero.

(22)

Follow up we retain only the useful rules for the supposed

numeric case which are 4.

R18:IF (€mgp ANDV,) THEN Upg,
For this rule the activation scalar value is: w yma, = MIN (0.5,
0.37)=0.37;

R19: IF (€mgp AND Vpngp ) THEN Upg
For this rule the activation scalar value is: w ymg, = MIN (0.5,
0.75) =0.5;

R23: IF (em, ANDv,.) THEN Uy,
For this rule the activation scalar value is: w yu , = MIN (0.37 ,
0.37)=0.37;

R24: IF (ewp AND Vpg,) THEN Uy,
For this rule the activation scalar value is: w g, = MIN (0.5,
0.75)=05.

We remark that in inference process the rules can have like
result the same output fuzzy set, in generally activated by the
different w; coefficients. This is the case of rules R18 and R19
from this example which have the output fuzzy set the
command Unq ,, respectively R23 and R24 which have the
output fuzzy set the command Uw ,. Thereafter, the inference
operation is analyzed on the entire level of BRF through a
composition technique of the elementary inferences results
(from each i rule activated).

In this case we use the composition method noted as MAX,
according whom the rules which have the same output fuzzy
set, this (output fuzzy set) is activated (ponderate) with the
maximum value of w ; coefficient.

Therefore the rules R18 and R19 the output fuzzy set Unq ,
will be ponderated with w Ung, coefficient calculated in this
way:

w Umd7p= MAX (w18, w1g) =

=MAX (0.37,0.5)=0.5 (23)
respectively for the rules R23 and R24, the output fuzzy set
Uw p, Will be ponderated with w Uy, coefficient calculated in
this way:

W Un 5= MAX (w23, W) =

MAX (0.37,0.5)= 0.5 (24)

20

The form of each activate fuzzy set from entire domain of
output variable, depends on used “coding” diagram.
We will use a coding process with correlation by product,
according to the fuzzy output of the system result by the
multiplication of the affiliation functions of the output variable,
with activation scalar value of i referred rule.

For supposed example the fuzzy output of the system is:
0 = MAX (w13, UJ19) M Umd_p +
+ MAX( w3, Was )M uuip (25)
which geometrical is summarized to the reunion of determinate
areas by fuzzy sets resulted from coding, figure 4.

max

Mp

u u u
minnll “1/ep minp mdp
7en

2048

win v ndn

Fig. 4 Output fuzzy set

UNFUZZYING VAGUE INFORMATION

In this application we opted for the most used method of
unfuzzying, which offer the most consistent results, the weight
center method (centroid). According with this, if output fuzzy
sets are determinate by the inference method with product
correlation, then we may calculate global weight center from
local weight centers of each i rule from BRF, as;

® I I +
U Min UM_n

where:
- w;is activation scalar value of i rule from BRF;
- liis surface area (triangle area or trapezoidal area);
- ¢ is the ordinate of weight center of output fuzzy set fit to i
rule.
For this numeric case the value of output is:

t o 1 c

o) 1 c
UMJJ UMJ UM,p _

Ude) Umd) Umd7p
® I t o
Umd_p md_p UM_p
_0,50333,302762,2+ 0.50583,203620
0,50333,3+ 0,50532

uk=

M_p

= 30959 @7

Because the number obtained is a real number and digital —
to — analogical converter work only with integers, the value
3095,9 is rounded to proximate integer, that is 3096.



In figure 5 is represented the command interface of the
experimental system implemented in LabWindows CVI. On this
interface can observe the shape of the real response of
positional system to few variation of position reference. The
small variation of the system response around reference in
stationary condition is due to impreciseness of the position
resistive transducer.

£3 Regulator Fuzzy Qli‘@‘
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Fig. 5 Interface with real response of the system

Recommended for publication of Editorial board
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CONCLUSIONS

The control fuzzy algorithm implemented in this example with
LabWindows CVI software offers betters performances so in
transitory condition and in the stationary condition than classic
PID algorithm. (this is based on practice) being visible the
fuzzy control anticipation effect of next evolution of the piston.
The advantage comes even from capability to modify the
variation interval of linguistic defined terms, the capability
offered by relations (6), (12), (19).
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