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Introduction

The Proportional — Integral — Derivative (PID)
controllers are the most popular controllers used for
process control in industry. Thisis caused by effectiveness
and simplicity of these controllers. One of the main goals
of the control system used in industry is the disturbance
rejection. The most common disturbances in process
control are load disturbances. These low frequency signals
are added to the control signal at the process input and
drive the system away from its desired operating point.
Good rejection of such signalsis the first design goal. The
situations when the set point response is followed by the
positive load disturbances frequently appear in practice of
control systems. It is desirable that the overshoot and
settling time of the set point response of the control system
should be low and at the same time the system should be
characterized by the good positive load disturbance
rejection. The PID controller provides a relatively good
transient performance of the control system. To achieve
possibly high load disturbance rejection the integral
constant of the PID controller must be maximized [1].
However, often this causes the increase of the overshoot
and settling time of the set point response of the control
system. Some compromise between the transient
performance of the set point response and the load
disturbance response can be achieved using appropriate
tuning methods of the controller [2, 3] but in the general
case the conventional PID controller does not alow us to
achieve low overshoot and settling time of the set point
response and the best disturbance rejection at the same
time. The modification of the PID controller called two
degrees of freedom PID [1, 4, 5] alows a good
combination of load disturbance rejection and set point
response of the control system at the same time. In fact it
provides a response to load disturbances that is
independent of the dynamics of the set point response.
However, the adjustment of this controller to the plant
dynamics is more complicated as in case of the
conventional PID controller [1]. On the other hand, the
practicing engineers in industry prefer the controllers that
can be tuned to the plant using commonly known methods
developed for conventional PID controllers.
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In this work we present the modification of the PID
controller with the switched parameters. In comparison
with the conventional PID method, the employment of the
proposed control algorithm alows us to increase the
degree of freedom during tuning of the controller to a
plant. This fact enables the positive load disturbance
rejection of the control system to be improved not
sacrificing the set point response dynamics. The procedure
of the controller tuning is the same as that used for the
conventional PID controller.

Control system description and problem formulation

We consider the classical closed-loop control system
with the unity feedback affected by the load disturbances.
The following designations are used: Yy is the desired
(reference) value of the plant parameter, Y(t) is the actual
value of the plant parameter, e(t)=Yy -Y4(t) is the error
(controller input), U(t) is the controller output, D(t) is the
load disturbance added to the plant input and t istime.

The control system is analyzed with the plants that
have the following transfer functions, which present typical
dynamics found in industry [1, 6-8]:
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The set point unit step (Yy =1) response followed by
the positive unit load disturbance (D(t)=1) of the control
system with plants Gy(s) and Gy(s) based on the PID
controller with different values of proportional (K;),
integral (K;) and derivative (Kg) constants is presented in
Fig. 1. The dependences were computed using the dynamic
system simulation program Simulink. The curves presented
by solid lines correspond to the PID controller adjusted to
achieve the set point response with low overshoot and
settling time. The dependences presented by dashed lines
correspond to the controller tuned to the good load
disturbance rejection. It is seen that improvement of the set
point response worsens the load disturbance rejection and



vice versa. This clearly demonstrates the limitation of the
conventional PID controller, which is caused by the fact
that the same parameters of the controller are responsible
for dynamics of the control system during the set point
response and positive load disturbance response. In other
words, it has low degree of freedom during tuning.
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Fig. 1. Unit set point step response followed by positive unit load
disturbance of the control system with plants Gy(s) (a) and Gx(s)
(b) based on the PID controller with different values of parameters

PID controller with the enhanced load disturbance
reection

Analysis of the e(t) variation during the set point
response followed by the positive load disturbance of the
control system shows that during the set point response e(t)
is predominantly positive and during the positive load
disturbance — negative. Consequently, the sign of e(t) can
be used as some indicator for approximate estimation of
the control system state. Knowing that the values of K, K;
and Ky that provide the low overshoot and settling time of
the set point response and the good positive load
disturbance rejection are different (Fig. 1), it is logical to
commute these values when e(t) changes the sign, i.e. to
use a PID controller with the switched parameters. The
control algorithm of the PID controller with the enhanced
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load disturbance rejection, which has switched parameters,
can be presented as follows:

U(t)=K® e(t)+:£l<i(r) e(r) dr + Kd(t)%,

Ko(®) = K Ki(D) =K, K (O) = de| e(t)z0, (3

Ko =Ky K@) =K, K0=K, |et)<0,

where K, Kip, Kgp and Ky, Kin, Kgp are proportional,
integral and derivative constants that act at positive and at
negative e(t), respectively, to is point in time at which the
algorithm starts to operate.

During the set point step response, Ky, Kip and Kgp,
that act at positive e(t), have a decisive influence on
dynamics of the control system in the algorithm presented
by (3). On the other hand, during the positive load
disturbance (D(t) >0) response the Ky, Kin and Kgn, that are
involved at negative e(t), become crucial. This means that
Koo Kip @nd Ky, predominantly influence the transient of
the set point response and K, K, and Ky, — the positive
load disturbance rejection. Consequently, the employment
of the PID controller with the switched parameters in
comparison with the conventional PID alows us to
increase the degree of freedom during tuning of the
controller to the plant. The values of K, Kip, Kg, should be
chosen according to the requirements for dynamics of the
set point response  and K, Kin, Kgn — to provide good
rejection of the positive load disturbance.

Investigation of the controller

The set point unit step response followed by the
positive unit load disturbance of the control system with
plants Gy(s) and G,(s) based on PID controller with the
switched parameters and conventional PID controller was
simulated. It is seen (Fig. 2) that employment of the PID
controller with the switched parameters allows us to
improve the positive load disturbance rejection of the
analyzed control system as compared with the case when
the system is based on the conventional PID controller
adjusted to low overshoot and settling time of the set point
response. On the other hand, it is evident that the transient
of the set point response of the control system based on
PID controller with the switched parameters and
conventional PID controller is practically the same (Fig.2).
Consequently, during the set point response the PID
controller with the switched parameters behaves in a
similar way as PID adjusted to low overshoot and settling
time of the set point response and during the positive load
disturbance — as the PID tuned to good rejection of the
positive load disturbance (compare curves presented in
Figs. 1 and 2). The parameters of conventional PID
controller and PID controller with the switched parameters
used for simulation are presented in Fig. 2.

The PID controller with the switched parameters has
six parameters and therefore, it seems that tuning of the
controller to a concrete plant can be complicated.
However, the parameters K, Kip and Ky, predominantly
influence the set point response and K, Ki, and Ky, — the
positive load disturbance response, consequently, the



problem of tuning splits into two separate tuning problems.
The values of Ky, Ki, and K¢, should be chosen according
to the requirements for dynamics of the set point response
and Kpn, Ki, and Ky, — to provide good rejection of the
positive load disturbance.
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Fig. 2. Unit set point step response followed by the positive unit
load disturbance of the control system with plants G,(s) (8 and
G,(s) (b) based on PID controller with the switched parameters
(sPID) (solid line) and conventional PID controller (dashed line)

The parameters of every group are tuned to the plant
using methods developed for the conventiona PID
controllers.

Since the plant can be affected not only by the
positive load disturbance but by the negative one as well,
the negative load disturbance (D(t) < 0) response of the
control system based on the PID controller with the
switched parameters was analyzed. For this purpose the
unit step response followed by the negative unit load
disturbance (D(t) = —1) of the control system with plants
G1(s) and Gy(s) based on PID controller with the switched
parameters and conventional PID was computed.
Simulation was provided for controllers with parameters
giveninFig. 2.

The investigation shows that in case of the set point
response followed by the negative load disturbance the
transient of the control system based on the PID controller
with the switched parameters coincides with the transient of
the corresponding control system based on the PID
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controller adjusted to low overshoot and settling time of the
set point response (Fig. 3), i.e. in case of the negative load
disturbance the PID controller with the switched parameters
does not have advantage over the conventional PID
controller.
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Fig. 3. Unit set point step response followed by the negative unit
load disturbance of the control system with plants G(s) (8 and
G,(s) (b) based on PID controller with the switched parameters
(solid line) and conventional PID controller (dashed line)

Conclusions

The conventional PID controller has low degree of
freedom during tuning. This is caused by the fact that the
same parameters of the controller are responsible for
dynamics of the control system during the set point
response and the load disturbance response. Therefore, the
conventiona PID controller cannot guarantee low
overshoot and settling time of the set point response of the
control system and the good load disturbance rejection at
the same time.

In comparison with the conventional PID controller,
employment of the proposed PID controller with the
enhanced load disturbance rgjection alows us to increase
the degree of freedom during tuning of the controller to the
plant. This enables the positive load disturbance rejection
of the analyzed control system to be improved not
sacrificing the set point response dynamics.

In case of the negative load disturbance the PID
controller with the enhanced load disturbance rejection does
not have advantage over the conventional PID controller.
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The Proportional — Integral — Derivative (PID) controller with the enhanced load disturbance rejection has been suggested. The
algorithm of control in this controller employs different values of controller parameters during the set point change response and load
disturbance response of the control system. The controller parameters are switched when the sign of the error changes. This feature
alows us to increase the degree of freedom during tuning of the controller to the plant. The tuning technique of the controller is the
same as that used for the conventional PID controller. The results of the investigation of the concrete control system based on the
developed controller show that proposed PID controller in contrast to the conventional one alows us to improve the positive load
disturbance rejection of the control system not sacrificing the set point response dynamics. In case of the negative load disturbance the
proposed modification of the PID controller does not have advantage over the conventional PID. Ill. 3, bibl. 8 (in English; summariesin
English, Russian and Lithuanian).

B. 3n10cHukac, A. bamxkuc. IIAJ] peryasTop ¢ noBbINIEHHOI KOMIIeHCanHell BO3MYILeHUs] 00beKTa ynpaBjeHus // JIeKTPOHUKA
" 1ekTporexHuka. — Kaynac: TexHosorus, 2008. — Ne 5(85). — C. 65-68.

[Mpemmoxen mnponopuroHaNTbHO—MHTErpaitbHblii—nuddepentuansupiii  (IIMJ]) perymsitop ¢ MOBBILICHHOH —KOMIIEHCALMCH
BO3MYIIIEHHSI 00BEKTA yIpaBleHUsl. AITOPUTM YIpaBJIeHHs, IPUMEHSIEMBII B PETYIATOPE, UCTIOIB3YET PA3HbIE 3HAUCHUS MAPAMETPOB
perynsitopa NpH pPeakUuH CUCTEMbl YNPABIEHHS HAa W3MEHEHHE BXOJHOTO CHUTHAla M TPH PEaKIMU Ha BO3MYIIEHHE OOBEKTa
yIpaBieHHs. 3HAUCHHS IapaMeTPOB PETyIATOpa W3MEHSIOTCS IIPH W3MEHEHHM 3HaKa OIMMOKM YIpaBieHHs. OJTa OCOOCHHOCTB
peryisTopa IO3BOJISET YBEIHUHTH CTEIEHb CBOOOABI IPH €ro HAcTpoWke K OOBEKTy yIpaBieHHs. MeTomuka HacTpOHKH
pa3paboTaHHOTO peryisaropa Takas ke kak u knaccmueckoro ITMJI perymsaropa. Pe3ynbraTsl mccieqoBaHUS KOHKPETHOH CHCTEMBI
YIpaBJICHHS TIOKA3bIBAIOT, YTO MpeUlaraéMblil PeryisiTop, B MPOTHUBOIOJIOXKHOCTH KiaccumdeckoMmy ITUJI perymsaropy, mo3BoisieT
YIY4IINTh KOMIEHCALHUIO MOJI0KUTEILHOTO BO3MYIIEHHSI 00bEKTa yIpaBIeHUs, HE yXy/lIas IMHAMUKHA PEeaKIMU CUCTEMbI Ha BXOIHOM
curHai. B cimydae oTpuiaTeIbHOrO BO3MYIIEHHsS OOBEKTa YNpaBIEHMs, MpeAaracMelii perynsTop He MMeeT MpeHMYINecTBa Mepen
kiaccuueckuM [TU]] perymsitopom. M. 3, 6ubi. 8 (Ha aHMMiCKOM si3bIKe; pedepaThl Ha aHTTTHHCKOM, PYCCKOM M JIUTOBCKOM 53.).

V. Zlosnikas, A. Baskys. Valdomojo objekto trikdzius geriau kompensuojantis PID reguliatorius // Elektronika ir
elektrotechnika. — Kaunas: Technologija, 2008. — Nr. 5(85). — P. 65-68.

Pasitilytas valdomojo objekto trikdzius kompensuojantis proporcinis-integrinis—diferencinis (PID) reguliatorius. Reguliatoriuje,
pritaikytame valdymo algoritme, naudojamos skirtingos valdymo sistemos atsako i nuostato pokytj ir atsako i valdomojo objekto
trikdzius parametry vertés. Reguliatoriaus parametry vertés yra pakeiciamos keigiantis valdomojo dydzio nuokrypio Zenklui. Si
reguliatoriaus savybé leidzia pasiekti aukstesni laisvés laipsni derinant reguliatoriu prie valdomojo objekto. Pasitlyto reguliatoriaus
parametry derinimo metodika yra tokia pat kaip ir klasikinio PID reguliatoriaus. Konkregios valdymo sistemos tyrimy rezultatai rodo,
kad sitlomas reguliatorius, priesingai nei klasikinis PID reguliatorius, pagerina valdomojo objekto teigiamujy trikdziy kompensavima,
nepablogindamas valdymo sistemos atsako | nuostato pokyti dinamikos. Kompensuojant neigiamuosius valdomojo objekto trikdzius,
pasitilytasis reguliatorius néra pranasesnis uz klasikini PID reguliatoriy. I1. 3, bibl. 8 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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