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Abstract—In this paper, a supervisory control system base@n
fuzzy reasoning is designed for a real gas procesgi unit. The
system controls the gas temperature flowing throughan
industrial heat exchanger which is the main compon# of the
unit. The design procedure aims at improving the pgormance of
the existing conventional temperature control systm by
providing instantaneous monitoring of the control bop through
auto-tuning of PID parameters. To show the performane of the
designed system, simulations under different situains are
performed and some implementation issues on DCS $gm are
given.
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I.  INTRODUCTION

In most industrial applications, physical plantsually
operate under conventional regulatory strategisedan the
common proportional-integral-differential (PID) douilers.
Traditionally, plant controller designers have deped this
type of control configuration in order to minimizests of real
implementation, maintenance and operators’ train[6g
Operators’ experience with this type of controligays a
substantial role while choosing the control stratég be
implemented for a particular application. Indeed, highly
sensitive processes such as chemical, petrochenaigdl
nuclear units, for instance, control loops are rofégjuipped
with conventional PID controllers rather than safibated
strategies [8]. However, PID controllers usually owh
decreasing performance under varying operating itond
and system nonlinearities [1,6,7]. Manual tuning RID
parameters is usually performed to cope with sonitécal
situations. However, this heuristic procedure does take
into account the required level of operational perfance.

the process control level and/or the supervisoryelle
depending on the application of concern [1,4]. Svipery
control aims at making conventional PID controller®re
flexible through auto-tuning so that optimal or negtimal
parameters can be found to meet some predefinad)esit
control requirements.

This paper discusses some experimental issuegdelat
the design of a fuzzy supervisory system to improve
temperature control performance of an industrials ga
processing unit. More precisely, the design procedis
achieved for an industrial co-current heat exchaageing at
tuning the PID parameters of the gas temperatunealdoop
based on fuzzy reasoning. The present study wascsed to a
simulation-based evaluation on DCS (Distributed t@in
System) using the real parameters of the gas Biocesnit
together with the on-site parameters of the tentiperacontrol
loop.

II.  INDUSTRIAL PROCES®ESCRIPTION

Natural gas feeding the industrial processing aniives
from different production sites through twelve ectiors at 84
kg/cnt and 50°C. The main task consists in achievingl tota
condensate recovery, gas compression and recydimgher
units. To this end, five processing lines labeled @ to 40 and
70 are installed. Each processing line is compos$édo parts:
the high-pressure (HP) part for the treatment of-lgpid
phase, and the low-pressure (LP) part for unstaedfelensate
processing. The crude gas passes first via theaciger unit,
and after flowing through different pipes, it ipglied to a co-
current heat exchanger for cooling, and then ewaduwith
temperature 22°C to a triphasic separator for sdipar
purposes.

In this paper, the heat exchanger under investigais
labeled as 20E02, as depicted in the schematigrpiof Figure

More advanced control mechanisms, like intelligent]. This physical plant of 16.5 m height and 1418:iis one of

control, adaptive control or predictive control gho
considerable improvements, especially for proceepesating
under severe disturbances and over wide-range z8eesral
works in the literature reported interesting thé&oa¢ and
experimental results about intelligent control t@ghes and
their robustness with respect to process and emwiental

the most important and critical component of thes ga
processing unit. The crude gas entering the exehrdagooled
through a heat exchange process with cold gas ¢pfmm the
gas/gas primary exchanger 20E01. The outlet ternperas
controlled at 22°C with a conventional PID contolind must
be maintained around this value in order to meetsthingent

variations, even in the absence of systematic desigseparation process requirements and keep saferdbesging

methodologies [9]. Intelligent paradigms can begnated to
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line equipments.
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Fig. 1. Schematic picture of the heat exchange020k& line 20.

. GASTEMPERATUREFUZZY SUPERVISOR

DESIGN

All of control loops in the gas treatment unit &ased on
conventional PID controllers. The temperature adritop of
the heat exchanger 20E02 is designed to ensurtategutask
about 22°C of the outlet gas temperature. Thisevé@duto be
maintained to ensure good separation between gasy wnd
condensate in the high-pressure triphasic sepa2@d01.
Efficient separation process should be achievedrider to
avoid the formation of hydrates in the correspogdime
which could occur at 18°C and 77 kgfcrlarm generating
devices are installed to prevent reaching the lraitie which
is fixed at 19°C. Obviously, it can be noticed tlsuring
suitable operation of the whole unit depends stsog the
“perfect” functioning of the gas temperature cohtwops. This
issue remains of substantial interest for systammeers.

From a modeling viewpoint, heat exchanger dynarares
difficult to capture accurately by simple modelstures since
the underlying physical effects are quite complea a number
of real parameters are unknown. Key dynamical ptaseof
the heat exchange process are generally described
distributed-parameter models that are of littleeiast for
control purposes [5]. Approximations through Ilumped
parameter models are usually used for dynamicsysisaand
control systems design. However, the simplified etedipon
which PID control strategies are built could nosue a robust
wide-range operation [2,3]. Indeed, it was easydtiice that in
many practical situations, PID parameters need etaumed

Fuzzy
Supervisor

!

Set-point
P | PD

g
controller

[

Fig. 2. Block diagram of the fuzzy supervisory gemperature control
system
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manually to avoid performance degradation durings ga
processing unit operation. This heuristic tuningpgadure
which is applied with conventional operators’ expece
methods cannot give optimal PID parameters for gas
temperature control system.

The fuzzy supervisory system designed in this pajpes
at improving the performance of the conventionals ga
temperature control loop through auto-tuning of tAED
parameters. The three PID parameteesK,, K; andK, can
be altered based on a fuzzy reasoning mechanisoncieg to
the size, the direction and the changing tendeftlyeosystem
error. The diagram of the fuzzy supervisory PIDtoarsystem
is depicted in Figure 2. For the heat exchangemratios,
control errore and the change of erroke are the input
linguistic variables of the fuzzy supervisor, axid,, AK; and
AK,; are their output linguistic variables. Each lirgliai
variable has seven values labeled as NB (Negatigg BM
(Negative Medium), NS (Negative Small), ZO (Zer®$S
(Positive Small), PM (Positive Medium) and PB (FigsiBig).
These triangular-shaped fuzzy sets are uniforngfriduted on
the common normalized universe of discourse [-T'hg fuzzy
supervisor is a rule-based system composed of afselF-
THEN rules as follows:

IF e(k) is LE/ and Ae(k)is LAE/ THEN
AK, (k) is LK, and AK;(k) is LK; and AK4(k) is LK] (1)
j = 1’ M.
where LE/, LAE/, LK], LK/ and LK represent thej-th

linguistic values of the input/output fuzzy varieble, Ae,
AK,, AK; andAK,, respectively. The PID tuning mechanism is

performed instantaneously according to the follawin
equations [1]:
K, = Ko + AK,, ()
Ki = KiO + AKl (3)
Kd = Kd[) + AKd (4)

where K,,, Ki; and K;, denote the actual (on-site) PID
parameters. The PID parameters tuning proceduesllmsthis
fuzzy reasoning mechanism defines a nonlinear mappi
between the fuzzy supervisor outputs, and the abetror and
its rate of change.

IV. RESULTSAND DISCUSSION

The original conventional temperature  control
configuration of the gas treatment unit is impleteeron DCS
which provides many facilities allowing systems Igsis,
simulation and control through its IEE (Infusiondimeering
Environment) software. The results presented is plaiper are
based on the physical parameters of the industrizdt
exchanger and the on-site parameters of the PlEratdonop
which are set as(,, = 2.5, K;, = 1.11 andK, = 0.38. The
fuzzy supervisor blocks are embedded in DCS acegrti the
diagram shown in Figure 3. The control paramegrs(; and
K, of the real PID controller are tuned off-line undkfferent
situations in order to check the effectivenesshef designed
self-tuning mechanism.
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Fig. 3. Configuration of the fuzzy supervisory g@sperature control
system on DCS.
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Fig. 4. Outlet gas temperature response in norpetiation.

Figure 4 shows the outlet gas temperature respanse

normal regulatory operation. This situation cormesys to inlet
gas cooling process before evacuation to the Hphasic
separator. Here the gas temperature is decreaged 50°C
(slugcatcher outlet gas temperature) to 22°C. nit lwa clearly
seen that the fuzzy supervisor performs consideraiall,
mainly after applying an input disturbance on thatwl valve

att = 10 hrs. The PID controller induces an oscilkator

response which is efficiently damped by the fuzapesvisor
through auto-tuning of the PID parameters.
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Fig. 5. Outlet gas temperature response undemsysaeameter
variations.

Degradation of the control loop performance is tyost

caused by parameter variations of the controlledat he [8l

exchanger due to aging, thermal stress or enviratahe
changes, for instance. To illustrate this situgtive considered
a test case corresponding to parametric variatfothe® heat
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transfer coefficient. This physical parameter isnegally
unknown and difficult to obtain through first-pripte
modeling; it can only be estimated using observatiata. In
this case study, Figure 5 shows clearly the podopeance of
the PID control loop. The gas temperature respflnostuates
around non-admissible values that would contribitethe
formation of hydrates in the gas processing linghls case, an
alarm would occur when the temperature reachedirttieof
19°C. However, the heat exchanger operation untier t
supervisory control system seems very acceptabte tha
regulatory requirement is achieved efficiently. dghi
demonstrates the robustness of the fuzzy contsiksy with
respect to the system parameter variations whiehfraquent
in practice and for which manual tuning is usualberated to
prevent the degradation of the plant operation.

V. CONCLUSION

Throughout this contribution, a simulation-basedleation
on DCS of the performance of a fuzzy supervisorptrab
system is achieved using the real parameters ofdustrial
gas processing unit together with the on-site patara of the
temperature control loop. Auto-tuning of the PIDrgraeters
through fuzzy reasoning improves considerably wedl outlet
gas temperature control loop performance. Thislpmolis of
major interest for systems engineers since the aldnning of
the PID parameters based on operators’ experiemgll not
always give satisfactory operational performancepiactical
situations, stringent requirements on control eg&s are
usually imposed to meet production conditions. Eahalireg
intelligent paradigms into conventional control figurations
would achieve better results as shown in the ptesedy.
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