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ON MODIFICATION OF A PID ALGORITHM FOR
DECREASING OF WIND-UP EFFECT '

A paper presents an approach for reduction of anti-windup effects induced by
constraints of actuator action in closed-loop control systems with PID Algo-
rithm. A discussion of different, common used approaches, for reduction of this
effect is presented at first. An idea of dynamic modification of reference input,
not inducing saturation at actuator in closed-loop is derived. The proposed
modification can be used in case of amplitude and velocity limitation as well.
The modification will not induce any dynamic into closed-loop and will not alter
stability properties of the entire control system. Simulation results, comparing
efficiency of mentioned techniques and the proposed method would be presented
and discussed on example of two SISO linear systems.

MODYFIKACJA ALGORYTMU REGULATORA PID DLA
ZMNIEJSZENIA ZJAWISKA WIND-UP

W pracy zaprezentowano modyfikacje algorytmu cyfrowego regulatora PID, kid-
rej celem jest ograniczenie negatywnego wphwu ograniczehr wprowadzanych
przez element wykonawczy na przebiegi regulacji. Modyfikacja polega na dyna-
micznym ksztaltowaniu przebiegu warto$ci zadanej w taki sposob, by w zespole
wykonawczym nie wystepowalo przekraczanie dopuszczalnych ograniczen.
Wprowadzona modyfikacja nie zmienia wiasciwosci dynamicznych w zakresie li-
niowej pracy ukladu zamknigtego, a zatem nie zmienia parametréw stabilnosci
ukladu. Zmodyfikowany algorytm zostal poréwnany ze stosowanymi formami al-
gorytmu PID na przykiadzie 2 modeli ukiadow liniowych drugiego rzedu z op6?-
nieniami.

1. INTRODUCTION

The most popular and used in industrial applications, PID control algorithm yields some
effects involved by limitations always existing in real systems: lower and upper limits
of actuator output and limited speed of actuator action. These constraints induce a non-
linear action in closed-loop control system. Reaction of actuator can’t follow the con-
troller output and in effect it destroys possible efficiency of PID algorithm.

It can be observed, e.g. at sudden change of reference value, when actuator can’t repeat
reaction of the differential term. This case will usually yield a delayed answer of the
closed-loop system. Other, more disturbing case will appear, when discrepancies be-
tween controller output and actuator output, cumulated by memory of integrating part of
controller, will involve a wind-up effect. This can induce an exceeded and prolonged
action of integrating term and can completely destroy expected reaction of PID algo-
rithm. Both effects were observed a long time ago and were hard to cope in times of
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electronic control devices. Hence different modifications of standard algorithms were
proposed; modified action of differential term by introduction of inertia or excluding a
reference value signal variation from input of differential (or even proportional) term.
Both approaches are still used, but in fact they decrease possible efficiency of PID con-
trol algorithm. The mentioned effects of PID control appear only in disadvantageous
conditions: significant variation of set value, actuator output close to boundary position
or incase sudden disturbance. At the first two cases a process operator can manage by
introduction slow variations of reference value and with at the last he can try to cope
with a proper compensation of disturbing quantities.

Digital processors, introduced in control system devices, have created new possibilities.
Robust solutions, repeating of mentioned approaches — limitation of differential action
and introduction conditional integration (CI) within I term are still used [2,6,9]. More
sophisticated algorithmic approaches like anti-wind up compensation [3,4,5,8,10,11],
time variable modification of reference value signal or back-calculation methods are
proposed but they demand more calculation effort. The proposed approach is based on
simple modifications and standard digital PID algorithm, which can be expressed in
form of a few additional operations within controller action. It can be used in existing
PC-controllers or even soft control systems by small modification of basic code.

2. INVESTIGATED SYSTEM AND PID ALGORITHMS

The presented approach can be used for digital control systems, where all signals are
recorded with the same sampling interval A. An instant value of each investigated signal
v, at time 7=t 4, will be marked as v, = v(7). Let consider a discrete-time model of plant

Alg™)y, =B(@ g, (1)

where y, is the plant output, #, is the controlled input, &>1 is the plant delay. Polynomi-
als A(q”’) and B(q™"), determined by a shift operator g7 (g7 Vi=Vip)
A =l+aq"' +.+a,qg™

1 1 B (2) :
B(g)=14+bgq +..+bgq™

are relatively proper and of real coefficients. The constraints of the actuator part of the
control system are represented by area of permissible magnitudes

U, =< YisUpigs, > - (3)
valve position and a range of possible changes within one sampling interval is bounded
Uy ={u,:|u —u, |<KV* (pign —u,ynu, elU,nu,, €U,} 4)

where ¥ is the greatest possible actuator velocity.

1t is obvious that in real applications both constraints exist. A design of a control system
shall always yield a surplus of actuator output as to drive plant output into area of high
values without problems, but its relative value is not very high (usually 50-100% of
nominal high position) as to not oversize entire installation. Fast reaction onto distur-
bance impact demands small sampling interval of the control system and therefore ac-
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tuator can alter its output only a fraction ¥V (usnally 5-20%) of maximal displacement
within one sampling interval.

Output signal v, of the ideal digital PID algorithm (I-PID) reflects three forms of proc-
essing the control error ¢;; term proportional to e,, derivative of ¢, for fast compensation
of disturbances and integral term for asymptotic removal of error ¢,

v, =G, PlD(q-l)en g =W, — )

5
Mg | T, 22(1-g) ®
2T,(1-¢™)

Grana™ =k +k S k1) = KT+
-q”

Above linear relation between control error ¢, and control v, reflects an ideal difference
operation, that at short sampling interval can’t be properly processed by control system
- a factor Tp/A will demand high and fast actuator reactions. A “real” differentiation is
widely used in form discrete-time difference filtered by first order inertia 7y [6,9]

} +pa+pg*t Plg™) K T, +T A+T,
Gr_ppp( = By li;q Pz‘{l = q,l > b= " L+ L 6
(=g Xl-cgqg™) M(g™h 147, /A| 27, (6)
K A @) K M_i o5
b= + g ) = s G =
1+7,/A| 27, A 1+T,/A| A 27, T, +A

It has practical motivation - a filtered derivation in (6) has limited value at instant ¢ of
change of w, and impact of derivative action is prolonged by inertia Ty. -
Industrial solutions [1,7] prefer a distinct presentation of different controller actions,

see. Fig. 1. This form is more suitable for separate tuning of controller actions, however
needs more dynamic blocks. Algorithm, with separate PID actions, will be called at
testing as R-PID. This form has other advantage: controller actions u,, u, or u;, (Fig.1)
can be calculated and modified separately, e.g. introduction of set value into P-term
(dashed line). In this form is very easy to introduce schemes for bump-less action or
limitation of saturation in I-term [1,4,6,7].

K, T, Ug

-L—T——-—-P 14T, /x
et ; Kp up % v’ >

u;

w- K
: " T

Fig.1. Common used structure of industrial applied PID algorithm
In theoretical investigations is used a generalised form of controller transfer function

M(q7 ), =R(g™")w, - P(g™")y, @)

where M(q”), R(g"") and P(q™") are polynomials of operator g’ [4,5]. The introduction of
inertia in differential term (6) in a basic algorithm (5) will increase an order of polyno-
mial M(g™") and introduce a parameter — ¢;, that can be used for optimisation of control-
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ler dynamics (except parameters K, T;, 7). A polynomial R(g™) is defined as p P(g™))
with 0<p<1. This form of controller will be called at testing TF-PID.

The general form (7) can incorporate other algorithms and is suitable for mvestxgatlons
dynamic properties of closed-loop systems [6,10,11]. This tool, for decreasing windup
effects, is induced by numerous techniques:

C 1._Output of integral term #; is limited to a determined value V1,

C 2. Integration action u, is halted on constant level, when the control error is large,
i.e. 18 le/enq| > E1 > 0, (where ey, 15 maximal value of error)

C 3. Integration action #, is halted, when the controller output saturates the actuator
possibilities, i.e. v,gUy (4),
C 4. the integration action ; is halted when the controller output saturates the actuator
possibilities, i.e. v,2Uy (4) and product v,G>0, (G, is a static gain of plant).
Efficiency of CI technique, based on conditions' C1 — C4, is dependent on dynamic
properties of controlled plant. The last two approaches are more flexible and are active
only when saturation in actuator will appear. The conditions C1, C2 need to perform
some tests, for fitting parameters V), E;. At working controller, they are not adapting to
variable plant conditions. The approaches (C1 + C4) differ only in conditions, when
they are activated, but they are based on the same idea — to stop the integration of con-
trol error for some time interval. An approach, based on more active attitude to the
problem was presented in [12], where a technique of so called “back-calculation” (BC-
PID) was proposed. This approach is based on idea, presented by Fig. 2.

.y K, T,s g .,
1+sT,/x
_ U, yu ‘ — v
= K, ) >
_/
u;
K, 1
T, N au
1
T,

Fig. 2. Structure of control algorithm with back-up calculation

The input value into integral part in controller

e,=—I;7Pe+l(v—u) (8)
I

t

is reduced in case of limitation in actuator output, represented as saturation on Fig. 2. In
this approach no Cl-conditions are necessary. The integral action is performed without
change, when saturation area in actuator is not attained. A designer has to choice a con-
stant 7, for better fitting PID controller to the system properties.
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3. DYNAMIC MODIFICATION OF A PID ALGORITHM FOR
DECREASIG OF WIND-UP EFFECT

All presented modifications of basic PID algorithm have one aim; to deal with to big
error value in a closed loop. This value, processed by controller can’t be realised by the
actuator. All mentioned modifications are “fixed” in a sense, that its action does not
dependent on actual possibilities of controller-actuator set. Splitting an interval of dif-
ferential action, by introduction of inertia T (6) or direct reduction of its impact (7) is
always active, irrespective of magnitude of w~y, However at small step changes of w;,
the basic action (5) of PID can be realised. Conditions C1 — C2 have introduced con-
straints on integral action without any test of actual actuator position. Conditions C3 —
C4 are activated when necessary. The idea of back calculation is better, it yields active
counter-measure to windup effect. In case of limitation of actuator signal, the integral
term has been fed with input e; of opposite sign to actual control error and in effect the
memory of integral term was decreased but its action can be not suitable at disturbances.
The idea of proposed approach is: to introduce, into controller action, a modification of
actual reference value w; to value #, that is always acceptable by controller and actuator.
Then controller output, calculated from corresponding relation of PID controller and
determined by settings - X, T, Tp, will always hold conditions (3) and (4). The corre-
sponding conditions can be derived from basic algorithm of PID (5) or (6).

Let consider a compact form of PID controller equation derived from (6)
vM(g™)=eP(q™). ®

The basic form of controller (6) (with ¢;=0) combines an error e, at discrete-time ¢ with
controller parameters p,, p; and p,

&=n—-X :(vt Ve~ e "Pzex—z)/Po- ' (10)
A change of controller output is then determined by

Av,=v,—v,, = pee, + pe, +pse.,. 1n
At time instant ¢, a maximal positive change of controller output (that can be realised by
actuator) Av, is limited, either by saturation of actuator or velocity of its displacement

Av, =min(u,,, —v,,V *A) (12)
and respectively maximal negative change Av. is equal

Av_=max(u, , —v, ,—V *A) (13)

where V'is maximal velocity of actuator displacement (4). The controller output will not
excess actuator constraints, when at any discrete time ¢, the output v, will contain within
interval <Av, Av,>. Hence a simple modification of the control error ¢, can be proposed

w, —y, &y, e<Av_+y

AV, v, >

e=rn—-y, SV, <Av.+v, & r=y+[Av.—e_p —e,p,)/p, (14)
=" LV >AV-++VI_1 & K =yt+[Av+_er—lpl_et-2p2]/po
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While the controller output v, is inside the range of accessible actuator output, the refer-
ence value is not changed and controller action is consistent with basic algorithm (5). If
the controller output will exceed the acceptable area (4), new virtual reference value 7,
will appear, that will induce new control error e,, small enough to satisfy present con-
straints of controller output variation (12), (13).

This modification can be used for any PID controller algorithm, e.g. (5) + (8), but the
most attractive case is (5). The controller algorithm will preserve an efficiency of pow-
erful action of derivative term in case of disturbance compensation and will “dose”
changes of reference value as big as possible (14). It should be observed, that magni-
tudes of accessible output variation Av. and Av, are dependent on previous position of
actuator v,; and will always use the entire actuator output. They are dynamic fitted to
actuator position, what justify its name Dynamic Modification of reference value PID
algorithm (DM-PID). The actuator output (4) will never exceed its constraints. This
modification does not demand any fitting, as in case of the other algorithm (6) — (8).
This algorithm will not induce mentioned reduction of integral action, observed at back-
calculation scheme. It will not demand any additional optimisation of T, and can be used
in adaptive control systems.

4. TESTING OF PID ALGORITHMS

In this section some results of testing are presented, for comparison of efficiency of
approaches, presented in Section 2, in case of actuator constraints and different opera-
tion conditions of closed-loop control system. A testing was performed on example of 2
linear, dynamic system of third order with delays. As a basic controller, the optimal
parameters (K, T, Tp) for I-PID (5) algorithm, operating without any constraints were
determined. The settings K, T, Tp were next used in all compared algorithms, with
optimisation of additional parameter (or parameters), characteristic for considered
modification of basic algorithm.

The constraints of actuator were introduced on its output (e.g. maximal valve flow) and
velocity of its changes (e.g. maximal velocity of valve displacement). The output con-
straints were equivalent to: minimal value equal zero and maximal value corresponding
to appr. 150 % of greatest considered system output at steady state. The velocity limita-
tion was set to 10% of the total actuator range of output, at each sampling interval.

4.1. Controlled Processes

As the first was inv.estigated an inertial process, with variable delay, that can be repre-
sented by a transfer function of the form
e K K
Pl(s) = (——+—2 _ . (15)
1+sT, 1+sT; 1+sT, .

K, =3, T =4s, K,=6  T,=20s, T,=10s, T,=5s, 1ls

Variable number of 7, in this model has to model different process dynamics; medium
and large delay process with conservative controller settings. The sampling interval was
equal A=ls. In the following tables, results will be marked as Pl 5 and P1_11.

The second example was a non-minimal phase process represented by transfer function
of the form
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T K K :
P2(s) = b2
<) 1+ 5T, (1+sTl 1+sT, (16)
K, =50, 1, =10s, K, =30, T, =4s, T, = 20s, T,=4s

The non-minimal phase processes are difficult to control, hence results observed at this
process can be interesting and convincing.
4.2. Simulation conditions and performance indices

Testing of controller algorithms and their efficiency was performed in structure pre-
sented on Fig. 3. The controller has to cope with variable reference value w, or with
impact of disturbance d, acting on the output of plant via a low-pass filter.

d > Low pass

filter
w, PID s Model of |%] Model of y
algorithm > actuator > process >

Fig.3. Structure of closed-loop system modeiling for comparison of PID-algorithms
Testing of all considered algorithms has consisted of two parts. First was tested a con-
trol in case of variable reference input value, (disturbance d~= 0). This test had to emu-
late real like conditions and therefore system responses for different magnitude and
actuator working conditions were simulated. The test has a form shown on Fig.4a,

504 - = R LTI —
: b.
504 ?
4
1
£ : J 24 I 4.0 - . -
[
ol DR I A - ) 3 S— : SRET R IDY NN S S—
[ I ; : 8 . .-
1 - Al T LT —_
100 306 500 700 W 1100 8 20 400 600 800 1000 1200

Fig.4. Transients of signals at testing: a) a reference value w,, b) a disturbance d,

where reactions of the closed-loop control on steps of the reference value were recorded
and evaluated. These steps have corresponded to 20, 50 and 80% of maximal output
value of the closed loop-system. The performance index was defined as follow
N=1200
IR= Z|Wr_yr]' (17)
1=]
The aim of next test was evaluation a compensation abilities in a closed-loop system at
disturbance signal set to the output. To make simulation conditions more real, the im-
pact of disturbance was modelled as an output of low pass filter, Fig. 4b. The transfer
function of the low pass filter was equal

1+sT
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with reference value w, was equal wy. The corresponding performance index was equal
N=1200

I, = leo AR (18)

=]

4.3. Presentation of results

Modifications of PID algorithm, described in section 2, usually demanded fitting some
additional parameters. In case of TF-PID algorithm one could try to: fit two variable
parameters Ty, p within some ranges, choose a method for conditioning of integration
(C1 — C4) and next set values VI or E1. A comparison of all combinations would be too
extensive, hence for each algorithm only the best version (in sense of Iy) was shown in
Tables and the optimal parameters of this algorithm were presented.

As the first, in all Tables, were shown results for ideal I-PID algorithm (together with
optimal settings K, T; T and gain margin AK) with no constraints set on the controller
output — i.e. actuator could follow each output value of the controller. In the second row
were shown results obtained for the same controller with constraints of the actuator
output and velocity, denoted as S-PID. The results of R-PID are presenting efficiency of
usual used algorithm (6) with optimised value of x=Tp/Ty. The algorithm, based on
transfer function (7) with conditional integration halted according to conditions C1-C4
(tested all cases), optimal tuned parameters ¢, and p, was denoted as TF-PID. The back-
calculation approach (8), with optimised 7=7/T}, was marked as BC-PID. The compari-
son was completed with proposed algorithm with dynamic modification of reference
value DM-PID. Together with calculated performance indices a number m, of tuned or
inspected parameters will be shown.

Table 4.1 Results for optimal choice a PID algorithms for Process 1 5

Type of | Index | Ig/Igo | Index | Ip/Ipg | Number | Parameters of optimal version of tested |
algorithm | Iy Ip m, algorithm and comments

I-PID 1954 828 - no constraints, K=0.292, T=25.32s,

IroIpo Tp=4.615s, AK=6.3 dB

S-PID | 4994 | 2.56 | 1964 | 2.37 - v,€<0,10>, Av/A=1.0

R-PID | 4175 | 2.14 | 1428 | 1.73 1 vie<0,10>, Av/A=1.0, x=4.72
TF-PID |} 4233 | 2.17 1824 | 2.20 4 v,€<0,10>, Av/A=1.0; E1=0.82,

¢=0.0, p=0.98

BC-PID § 3872 | 1.98 1442 | 1.74 1 vie<0,10>, Av/A=1.0, 1=0.52
DM-PID | 3946 | 2.02 | 1369 { 1.65 - v,€<0,10>, AW/A=1.0, "

The best result has provided the I-PID controller with no constraints on actuator output.
The value of Igg=1954 was low and the quality of control is shown on Fig. 5a. A control
algorithm, with no tool to cope with wind-up effects, (Fig.5a) realised by S-PID has
yielded poor results (I index was ~260% increased with respect to Ig). The classic
industrial applied algorithm R-PID, with separated actions (P, 1, D) and optimised Ty
has achieved index of 210% of optimal value Iz;. A TF-PID algorithm has gained a
moderate success — it was better then S-PID but worse then optimal R-PID. The best
ratio Ip/Ir, (of all described algorithms) has achieved back calculation algorithm (BC-
PID) with parameter 7=0.52, Fig.5b. This very good resuit has been involved by reduc

METODY PROJEKTOWANIA I INTEGRAC]I SYSTEMOW 309



N 85 5 8 8

= M= s 83

=

=

0 1 L 600 i 1000 1] i 40 600 i 1000 12

Fig.5. Results of control for system P1_5: a) I-PID, S-PID, b) DM-PID and BC-PID.

tion of I term in case of saturation in actuator. This action is not induced in proposed
DM-PID algorithm and therefore it has little overshoot (see Fig.5b).

The ratio I;yIpy is very important index too. In many applications, this parameter is even
more sigpificant than /7. A comparison of this factor has shown quite interesting
results. Transfer function controller TF-PID was only little better than S-PID. This fact
was probably induced by difficulties in separation of I action in form of TF-PID (7).
The best was DM-PID, though BC-PID reaction was not very far from DM-PID results.

P3 S ‘ Lo T I o 28 } }
] - N S RE— ui i
: DM-PID
2 - . 2 - .
[ Sr—_ - y 163 -
12 4 i 12
8 7] f 8
4 -~ 4
] 0 ; ; : ;
0 20 40 500 800 1000 100 200 500 700 900 1100

Fig.6. Control at disturbance impact for P1_5 a) I-PID, b) DM-PID and BC-PID

The delay d=11, for process P1_11, was more demanding task for the controller algo-"
rithms. In previous case the corresponding performance rational indices Ir/fzy and Ip/Ipy
were greater, due to small values of fpyand I, Table 4.2 At delay d=11 even ideal con-
troller I-PID has a slip in reaction, hence values of I, and Ip, were increased

Table 4.2 Results for optimal choice a PID algorithms for Process 1 11

a’;?;tgi Index W Index Iyl Number | Parameters qf optimal version of tested
Ip | MR} Ty Do m, algorithm and comments
I-PID 3612 1592 - no constraints, K=0.170, T=25.71s,
TroTpo Tp=6.273s, AK=6.1 dB
S-PID | 6264 | 1.73 | 2587 | 1.63 - v;€<0,10>, Av/A=1.0
R-PID | 5261 | 1.46 | 2071 ! 1.30 1 v;€<0,10>, Av/A=1.0, x=6.45 ;
TF-PID | 5484 | 1.52 | 2686 | 1.69 4 v,€<0,10>, Av/A=1.0; E1=1.0, ¢,=0.0,
p=0.95
BC-PID | 5297 | 1.47 | 2084 { 1.31 1 ve<0,10>, Av/A=1.0, 1=0.41
DM-PID | 5194 | 1.44 | 2017 | 1.27 - v,e<0,10>, Av/A=1,0,
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The conclusions from Table 4.2 are close to observed in Table 4.1. The best was DM-
PID (best for both indices) and the second was R-PID followed very close by BC-PID.
The TF-PID algorithm has failed. Responses are shown on Fig.7. The proposed DM-
PID algorithm has faster “come back” to the reference value then BC-PID and R-PID.
Both algorithms BC-PID and R-PID, have one tuned parameter.

120 300 50 70 0 100 10 300 500 ‘UJ 308 1100

Fig.7. Results of control for system P1 11: a) I-PID, S-PID, b) DM-PID and BC-PID.

Control of process P2 (16) was a real challenge for PID controllers. The big gain can
yield nervous closed-loop behaviour and gain margin AK can be small. These problems
can be observed by investigation of controller I-PID gain factor K, (Table 4.3), that was
much less in comparison to the process P1_5. Some reduction of gain can be expected,
because of static gain factor equal 20, but still it was quite small Ky p;p =0.066. For the
shown choice of I-PID controller settings, the closed-loop system has quite sufficient
gain margin equal 6.8 dB. The low controller gain has introduced long reaction phase of
controller for both investigated cases; change of reference input and disturbance impact.

The testing was performed as in case of Process 1, but only for one delay d=5. This time
the actuator constraints were set to v,e<0, 5> (for static gain of process P2 it was
enough) and Av/A= 20%. The minimal performance indices Iz;= 4703 and Iy = 2023
were for this process high, hence resulting values of ratio Iz/Irgand Ip/Ipy were low.

Table 4.3 Results for optimal choice a PID algorithms for Process 2

a"lfg}:)}:ﬂ(:; Index LT Index Iyl Num Parameters qf optimal version of tested
In RIARO 1T DO | ber algorithm and comments
mD
I-PID 4703 | . 2023 - no constraints, K=0.066, T;=30.29s,
IroJpo Tp=9.038s, AK=6.8 dB
S-PID | 8207 | 1.75 | 3312 | 1.64 - v e<0,10>, Av/A=1.0
R-PID | 7137 | 1.52 | 2571 | 1.27 1 v,€<0,10>, Av/A=1.0, k=9.20
TE-PID | 7741 | 1.65 | 3629 | 1.79 4 v€<0,10>, Av/A=1.0; C2 for E1=1.0,
¢,=0.0, p=1.05
BC-PID | 6857 | 1.46 | 2647 | 1.31 1 v,€<0,10>, Av/A=1.0, 1=0.21
DM-PID | 6001 | 1.28 | 2506 | 1.24 - v,€<0,10>, Av/A=1.0,

Each controller has to cope with control task and non-minimalphase dynamics of proc-
ess. It has induced mentioned low gain factor and slow control. The conventional algo-
rithm R-PID, with separated actions, optimised x and limited integral action (when
saturation of actuator had appeared) was quite effective. Even better then BC-PID, for
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disturbance rejection, but the best was again DMR-PID modification, what can be ob-
served on plots Fig. 8. Its action was very alike I-PID with small delay. Algorithm BC-
PID was not so exact and fast. Rejection of disturbance impact was in case of DMR-
PID quite satisfactory too. Controller was trying to be as fast as possible within intro-
duced constraints. ,

10 ] 500 il L] N 100 30 500 700 900 1100

Fig.8. Results of control for system P2: a) [-PID, S-PID, b) DM-PID and BC-PID.

5. CONCLUSIONS

The presented tests, for different modifications of basic PID of algorithm, can yield
some reflections. The considered techniques preventing windup effect, based on modi-
fication (cease or even decrease) of integral action of controller in case of actuator satu-
ration are always connected with some choice of conditions C1-C4. A more or less
subjective choice of corresponding parameters, e.g. E1 or V1, that has to be fitted to
individual case will not be good for both activities of controller; following the reference
value and compensation of disturbance impact.

The algorithm R-PID, usually used in industrial controllers, is quite good and very sig-
nificant improvement can not be expected with presented simple means. But even a
small profit in this area, considering a very large number of applications, should be
interesting. The separate R-PID controller actions, together with permissible area for
integral term and inertia introduced in derivative term, are very efficient and easy at
implementation. On the contrary, introduction of the different conditions and non-linear
acting modifications in transfer function form of controller TF-PID, with necessary
condition of bump-less action has rather deteriorate, then improve their efficiency in the
closed-loop system.

The other approach to windup problem, based on reduction of integral action term in
case of actuator saturation, introduced in BC-PID, is quite prospective, but not always
better then R-PID (see Tabl. 4.1 and 4.2 - a ratio I/Ipy).

The presented approach of dynamic modification of reference value, DM-PID, is based

on other idea. In short words it can be summarised as follow; create the controller-

actuator pair conditions, that they can always work without constraints. This approach

was in all cases better than R-PID and demand less care at implementation — it has no"
tuned parameters. In one case BC-PID was better than DM-PID, but BC-PID has to be

optimised (parameter 7). The mentioned case of BC-PID supremacy was connected with

reference value alternation, when saturation of actuator is long and reduction of integral

term action can be efficient. An' introduction of this tool, for anti-windup battle in con-

troller, can be further investigated, but will probably need some tuning, that is not rec-

ommended in adaptive applications.
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An implementation of presented DM-PID modification is quite easy. The permissible
changes on controller output Av,, Av..(12), (13) have to be determined and the modifi-
cation of reference value (14) has to be set into algorithm. It does not need many alter in
a basic controller code and can be easy implemented in PLC devices. The necessary
data are composed of direct constraints of each actuator and can be individually fitted to
any, even asymmetrically working control instrument. The proper settings of PID con-
trol algorithm can be optimised with some software tool or determined via special de-
signed experiment [2,3,6,8].
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