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We describe the development of a new computer-based teinperat ne controller vang fuzzy Jogic algorithms. Fuzzy
logic rules and reasoning are applied in-situ for determining 'l 1) vontrolles parameters based on anerror signal and its
first derivative. This controller design will be usedto st bilize s veralisotherinal stages of 8 cryostat for studying

thermodynarnic properties near the *He liquid-gas c1itical point

Situulations of temperature control near the *He

critical point (1, = 3.3 K) show that faster settling, smaliciovushoot,and easier control can be achieved using the
fuzzy logic temperature controller in comparison with thie tedine 3P controller,

1. INTRODUCTION

The most common temperature controller usedm
low temperature experiments is the proportional- integ il
derivative (PID) controller duc to its simplicity ant
robustness. However, the performance of temyprature
regulation using the PID controller depends oninitic!
parameter setup, wWhich often requires operator’s eyt
knowledge on the system. Furthermore, ko
temperature application of this controller 1o
additional carc because the cooling power of « low
temperature cryostat i S very small compared 1o the
heating power. Also, when the temperature controll
operates over a wide. temperatuce range, it is non-trvisl
to adjust the parameters of the PID controller. Inthis
paper, ‘we prc.sent a computer-assisted e o i
controller based on the well known “fuzzy logic” concejil
used in industrial control processes[1]. Althouglithi <
concept has been utilized for many years in a laji
control systems, it has not been as popular i
temperature controller applications.

2. PRINCIPLE OF OPERATION
The standard integral for m of al’ 11)-controller cantw
descretized for small sampling time TO obtaining[? ],

7 n-l '
u(n) =G le(n)+ >’ e(i) + % (et~ etn1) |
7'|i"-(‘) ]U‘

where u(n) is the control signal, G, is gain, 7, 1«
integration time, 7, is derivative time, and e(n)isthe
error signal between the set point and current virlue o
the process.

The parameters Gy, T, and ‘I’ can be manipulatcd
for optimal control, however finding the optiral val

15 nn-trivial, Our lemperetute controller uses the same
PIt e algorithin t o calculate the control signal u(n).
) uevlogic ruleshased upon knowledge of the. system
ercired to find the oplimal values of the parameters. A
«ehinaticdrawing of this concept is shown in Fig 1.
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Fipu el Schematic drawing of fuz vy logic controller.

fnthisiuzrzy contiolled 1711, the gain, integration
e and derivative timnes used by the P1D are. constantly
varr, usin g furey logicin orderto iingirove  the. response
of it systen. Tables of fuszy logic rules ae
Cone , veted which give difterent v alues of the control
ara neters based onreal time erros signals (e, and de).
| his precess is fuzzy inthe sense that a given set of
upn pararneters corresponds to multiple values of a
pred fmed memnbership function. This  membership
uneron quantifies 10 whiat de prec ani nput parameter
, otepondsto cach catepory (fuzsy set)inthe function.
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IIMPLEME NTATION AN]) RESULT
Membership coefficients 1, (i= zero, small, medion
large) are deter mined based on the values of c(n). 1 ypuic
2 shows the membership function (order 2 B-splines[3])
that was used. Thisfunctionis probably the shuplest
possible membership function since only two categones
overlap linearly for a given c(n). It is plausible (o
obtain better performances using different types of
membership functions depending on the system.
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Figure 2: Membership function for e(n).

The interval size is a user defined variable, inthe
present case it was chosen tobe several millideprces
The membership coefficients for &c(n) arc. handled in w,
identical fashionusing a different interval size.

Wec constructed tables using fuzzy logic rules oftix
form: if c(n) is Small and 8c(n) is Small, then G, is
Small, ete. G is a nor malized gain (0< G, <1) obtaines
from predefined values of maximum and minimuiu gain
These 1ules arc derived from conventional wisdom i
PID control theory. For instance, when the error is ne.o
Zero, and & is near Zero, we expect @ Small contro
signa [0 avoid overshoot, €C. A possible logic tablc
for G, is shown in (he Table 1.

I’able 1. Fuzzy tuning rule.s for G,

de \ ¢ Zcro Small | Medium Iari{n
Zero Small | Small Big Big
Small Small | Small Big Big
Medium Small | Small Big Big
lLarge » Small | Small Small *

* If 8c¢(n) is greater than c¢(n), then this takes on the
val uc Big. Other wise, it lakes on the value Small.

Small and Big arc members of fuzzy set for G, We
used the following G[',mmnbc-,lship function[4]:

W (G = - 1/410(G) for Small,

Hiarge (G = -1/41In(1 - G)) for Big.
Once c.(n) and de(n) t ave been determined,  thy
membership coefficients, 1e), and j1(6e), arc caleulate

wany the function showicin Fig 70 The product of these
salue are usad to ddeicnmine Gy 4]0 Other  tuning
porar oers, Ty (ntegranion el and o (the ratio of the
Iy vion thine to the dervetive time) can also be
deiennoned 1o the same fasthon. I the present work
these paramicters are deoved from simple numeric logic
tehler Because the systenr can casily heat but not cool,
the postive and negative enor sides are designed to be
asyvresoetric. This vmque feature of tuning tables helps
(o avod accidentally overtheating the low  temperature
Figure 3 shows one exaraple of simulation
wang two dificrent methods stariing with same initial
(ot shmized) PHD posrateters
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A CONCEHUSIONS

Voo have used Juszy lopic to o determine  the
P toes inan in-sity PID temperatwee controller based
Simulations
thow it thas controller (fogic tables and membership
tonvtio: &) can be destpned 1o perform better than a
tyyacel PID controller using fixed paraieters.

onan coor signel and its fise derivative,
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