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SELF-TUNING CONTROLLERS
SIMULINK LIBRARY

1 Introduction

Self-tuning controllers Simulink library contains various discrete single input single output (SISO) controllers
that can be used to control systems of second and third order. All controllers contain on-line identification of
controlled process and thus can be used also for time varying processes.

1.1 System requirements

The library has been designed under Matlab Release 12.1 (version 6.1) and Simulink version 4.1. For
minimum and recommended system configuration see installation guide for Matlab. It is also possible to port
the library to be used in previous versions of Simulink and Matlab, but in this case some functional limitations
can occur. Dialog boxes used in library requires screen resolution at least 800x600 pixels.

1.2 Installation

Self-tuning controllers Simulink library is available in two versions:
o stcsl_std.zip — the standard version using the Matlab programming language (m-files)
o stecsl_rtw.zip — the version to be used with Real Time Workshop, using C language functions

To install the library simply unzip the appropriate file to an empty folder (for example using Winzip or
pkunzip) and than add this folder to the matlab path. There are several possible approaches of adding a
folder to the Matlab path (for example you can use path command), but the simplest way is to use the Set
Path dialog, which can be accessed through the File menu.

1.3 Contact

Prof. Ing. Vladimir Bobal CSc. (bobal@ft.utb.cz)
Ing. Petr Chalupa (chalupa@ft.utb.cz)
Department of Control Theory

Institute of Information Technologies

Tomas Bata University in Zlin

Mostni 5139

760 01 Zlin

Czech Republic



mailto:bobal@ft.utb.cz
mailto:chalupa@ft.utb.cz
http://www.utb.cz/
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2 How to use the library

The library file stesl_std.mdl (or stcsl_rtw.mdl) contains 32 controller blocks, 20 of them can be used to
control second order systems and 12 to control third order systems. Each controller block has 3 inputs and 2
outputs. The inputs are:

o Current process input (action value) u_in,
e Current process output y
¢ Reference value w
The controller outputs are:
e Current action value u
e Vector of current parameter estimations of controlled process

Input u_in should be as close as possible to actual control value (input to control process) to get the most
appropriate results of the process identification. In simplest case this input is directly connected to controller
output u. This situation is shows in following model:

—» ° v ]
552+ 105+1
u Contralled process Frocess output
u
|_||:|..:j U_il'll:k:l ‘J
i)
] | 10 prams ) ff——

ID parametrs Adaptive controller Reference value

figure 1

Usually there are some limitations of action value in industrial applications and thus computed action value is
not the same as input to the process. This situation is shown in sample model circuit.mdl in figure 2.

,JLJ"L " 0.z
S5+ 10s+1

Band-Limited
White Moize

g ¥
— ] - ¥
S52+105+1 i [
Controlled process

- upy U ‘J

wile) jlp——

S aturation I_ 10 params= wilc) jd
adaptive pp2b_2

Reference signal

Maise filtration

Il parametears

figure 2

To use blocks in your own Simulink models just copy the block from library into your model (for example
using drag and drop operation), connect appropriate input and output signals, set block parameters (for
example by double-clicking on block) and than you can start simulation. It is also possible to start with
sample model circuit.mdl and modify it to represent process you want to simulate. Controller parameters
can be divided into two groups: the parameters common to all blocks and the controller-specific parameters.
These two groups will be discussed in following two chapters.
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3 Common controllers parts and parameters

This section describes the controllers’ parts and their parameters that are common for several or all
controllers in the library. There are three subsections: description of on-line identification methods used in all
controllers in the library, computation of ultimate gain and period used in controller based on Ziegler-Nichols
method and the list of common controller parameters.

3.1 On-line identification methods

This section describes methods used in the library for an on-line process identification. You can select one of
three offered methods: Least squares method (LSM), LSM with exponential forgetting and LSM with adaptive
directional forgetting. All these methods can be used for the discrete on-line identification of processes that
are described by the following transfer function:

B(Zfl) bz +bz 4. 4b 2"

= z (1)
A(z“) l+az "' +a,z”° +..+a,z

G(z)z

n

The estimated output of the process in step k (f/k) is computed on base of the previous process inputs u
and outputs y according to the equation (2):

Ve == Vi =4 Vi

+bu, . tbu,

(2)

b are the current estimations of process parameters. This equation can be also

e Uy

where 4, ..., &n,l;l,.
written in vector form, which is more suitable for further work - see equation (3).

-f/k = @kT—l '¢k
A A ~ A T
@k—l = [ala-..gan,bl,...,bm] (3)

T
D, = [_ Vietoeeos™ Vs UpgyoesUp g ]
The vector @, _, contains the process parameter estimations computed in previous step and the vector @,

contains output and input values for computation of current output yx. This vectors record is used in
description of individual identification methods in further sections.

Recursive least square method (LSM)
Least square methods are based on minimisation of the sum of prediction errors squares:
k
2
S =, -0/®,) 4
i=1

1

Where y; is process output in i-th step and the product G),TCDI. represents predicted process output. Solving

this equation leads to the recursive version of least square method where vector of parameters estimations is
updated in each step according to equation (5):

C, P .
1+®] -C, -,

@k = @k—l + (yk - @lz-—l¢k) (5)

The covariance matrix C is then updated in each step as defined by the equation (6):
T
Ck—l '¢k '¢k 'Ck—l

T (6)
l+&, -C, - D,

Ck = Ck—l -

Initial value of matrix C determines influence of initial parameter estimations to the identification process.
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LSM with exponential forgetting

The main disadvantage of this pure recursive least square method is an absence of signal weighting. Each
input and output affect result by the same weight, but actual process parameters can change in time. Thus
newer inputs and outputs should affect output more than older values. This problem can be solved by
exponential forgetting method, which uses forgetting coefficient ¢ and decreases the weights of the data in
previous steps. Weights (pk" are assigned to values u; and y;. Parameter estimations are computed according
to following equations:

C, . P
0 =0, + Al "k \y, -0 @ (7)
k k-1 ¢+¢kr C_, -, (J/k k-1 k)
C,, & & -C
Ck — l(ck_l _ k-1 Tk k k—l] (8)
o p+®, -C, - D,

LSM with adaptive directional forgetting

The exponential forgetting method can be further improved by adaptive directional forgetting which changes
forgetting coefficient with respect to changes of input and output signal. Process parameters are updated
using recursive equation:

C . -b
0, =0+ kl—ii-cf L -(yk —@,{T_IQk) (9)
where
§=0,-C, -9, (10)

Matrix C is updated in each step according to equation (11):

_Ck—l'¢k'¢kT'Ck1

C =C,_ - (11)
k k-1 g’l +§
where
1-
=0, —% (12)
Forgetting coefficient is updated as follows:
1
O =
1 13
1+(1+p){1n(l+§)+ﬁl:‘;+)z—ILEQE} (19
where
Uy =0 (Uk—l + 1) (14)
2
5= (J’k _05—1¢k) (15)
ﬂ“k

(J’k - @kT—l D, )2

16
1+& (19

A =0 Ao+

All described on-line identification methods are realized in s-function sid where further details can be found.
See help text for this function (type “help sid” in Matlab command prompt) or study the code of sid.m or
sid.c.
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3.2 Computation of ultimate gain and period

Self-tuning controllers based on Ziegler-Nichols method needs to know process ultimate gain and period in
each step and these parameters must be calculated in each step. The basic idea of this calculation is to find
feedback gain to reach stability border of closed loop. For process transfer function defined by equation (1),
the characteristic equation of closed loop is:

A(z)+K,-B(z)=0 (17)

where K | is feedback gain.

When the closed system is on the stability border, one or more roots of its characteristic equation are on
stability border and the other roots are stable. In complex variable z, the stable region is the inner of unit
circle, the stability border is unit circle and rest is unstable region. The ultimate root z=7 must be omitted in
calculation because this is asymptotic stability border and thus ultimate period cannot be calculated.

The are two possible types of roots positions when calculating ultimate gain and ultimate period:
¢ Two complex conjugated roots on unit circle and other roots are not unstable
e Root z =-1 and other roots are not unstable

The algorithm of computation ultimate gain and ultimate period is placed in file ultim.m or ultim.c. For
further details see help of this file (type “help ultim” in Matlab command prompt) or study the code.
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3.3 List of common controllers parameters

Following controller parameters are common to all self-tuning controllers in the library. The common
parameters are: Sample time TO, Identification type, ID Initial parameters estimations, ID Initial covariance
matrix C, ID Initial phi (forgetting coefficient), ID Initial lambda, ID Initial rho and ID Initial nu The table bellow
contains a short description of each of these parameters.

Group

Parameter

Description

Sample time TO

Defines sample time of self-tuning controller. This value is used for both parts of
controller: process identification and calculation of action value

On-line Recursive Identification

Identification
type

You can select from following on-line identification methods:

e Least squares method (LSM) — The simplest method where all process
input-output pairs affect identified parameters with the same weight.

o LSM with exponential forgetting — The newest process input-output pairs
affect identified parameters more than older pairs. This method can be
used for systems with time varying parameters.

e LSM with adaptive directional forgetting — The most sophisticated
method, the weight of current process input-output pair is determined
with respect to changes of input and output signal. This method is
useful for systems with time varying parameters.

ID Initial
parameters
estimations

Initial process parameter estimation used by on-line identification. This is a
column vector of parameters in the form [a1; a2; b1; b2] for most second order
controllers, [a1; a2; b1] for Dahlin’s controller and [a1; a2; a3; b1; b2; b3] for third
order systems. Details are given in description of individual controller in next
chapter.

ID Initial
covariance
matrix C

Initial value of the covariance matrix used in on-line identification process. This
must be a square positive definite matrix with dimension the same as number of
identified parameters.

Usually a diagonal matrix is used in the form G*I, where | is identity matrix and G
is gain. The gain than determines the influence of initial parameter estimations to
the identification process: the greater gain, the smaller influence of initial
estimations.

ID Initial
(forgetting
coefficient)

phi

Initial value of forgetting coefficient ¢ used in on-line identification of controlled
process. This parameter is used only if Identification type is LSM with
exponential forgetting or LSM with adaptive directional forgetting and
should be inrange 0 < ¢ < 1

When LSM with exponential forgetting is used, this parameter determines the
forgetting rate of older process input-output pairs: the smaller ¢, the smaller
influence of older pairs to the current parameter estimations. When LSM with
adaptive directional forgetting is used, then ¢ is changing during identification
process according to process of input (u) and output (y) values

ID Initial lambda

Initial value of parameter A used in on-line identification of controlled process.
This parameter is used only if Identification type is LSM with adaptive
directional forgetting.

Initial value of parameter p used in on-line identification of controlled process.

ID Initial rho This parameter is used only if Identification type is LSM with adaptive
directional forgetting.
Initial value of parameter v used in on-line identification of controlled process.
ID Initial nu This parameter is used only if Identification type is LSM with adaptive

directional forgetting.
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4 Controllers reference

This chapter describes individual self-tuning controllers included in the library and their parameters. The
library contains 29 self-tuning controllers: 18 of them are designed to control second order processes and
remaining 11 are designed to control third order processes.

Each self-tuning controller can be divided into three parts:
¢ On-line identification — Recursive identification using least squares method on base of parameters
described in previous chapter. This block is realized by Simulink s-function sid and to get more
detailed help type help sid in matlab command prompt.
e Calculation of controller parameters — The main function of each controller used to compute
coefficients of control law on base of identified process parameters and controller-specific

parameters. This function is specific to each controller. The function name is the same as controller
name thus to get detailed help of each function use Matlab help command (e.g. help ba2).

e Calculation of output (action value) — This block computes controller output (action value) on base of
reference value, process output and coefficients computed by previous block. There are 4 s-
functions which realizes the computation for different controllers:

= scqp used for feed-back controllers ba2, da2, pp2a_1, pp2a_2, zn2br, zn2fd, zn2fr, zn2pi,
zn2tr, zn3br, zn3fd, zn3fr, zn3pi and zn3tr;

= scrgp used for feed-back feed-forward controllers db2s, db2w, mv2, pp2b_1, pp2b_2, zn2pd,
zn2tak, db3s, db3w, zn3pd and zn3tak;

= scast used for Astrom’s controllers zn2ast and zn3ast
= scfpd used for four point difference controllers zn2fpd and zn3fpd.
= scfbfw used for 2DOF controllers pp2chp, pp3chp and pp2iq
To get detailed help of these s-functions use help command in Matlab command prompt (e.g. help
scqp)
The structure of all controller names is as follows: xxnyyyy, where xx - controller type, n = 2 or 3 process

model order and yyyy - controller further details. The library consists of following self-tuning controllers (their
parameters are described in following sections):

Contr. Controller algorithm Input parameters
No. Controller type
] u(k)=qee(k)+qe(k-1)+q,e(k—2)+u(k-1) Keu; Tu; To
T,
_k, 141 : k| 1-To o b | g =K, PID controller
4 P q, P T -
zn2fr T, T, 0 using forward
zn3fr rectangular
method
) u(k)=qe(k)+qe(k—1)+qe(k-2)+u(k-1) Keu; Tu; To
=K [1+E+T—DJ; =-K (1+2T—DJ; =K I PID controller
9o P q P 9 P -
zn2br I, T T, T, using  backward
zn3br rectangular
method
3 u(k)=qpe(k)+qe(k—1)+q,e(k—2)+u(k-1) Keu; Tu; To
q, =Kp (1+i+T—Dj; q, :—KP{ —i+2i] ; 4, :KPT—D PID controller
zn2tr 2T, T, 2T, T, Ty using trapezoidal
zn3tr rectangular

method
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4 TD KPu; Tu; 7—O
u(k) = Kpqw(k)=y (k) +=2-[y (k=1)= (k)]
0
zn2pd T PD controller
Zn3Qd KP :0'4KPu; TD :2—16
5 u(k)=qe(k)+qe(k—1)+u(k-1) Key; Ty, To
. T, T,
zn2pi | g, =K, (HEJ; (1_EJ Pl controller
zn3pi !
u(k)=qe(k)+qe(k—1)+q,e(k-2)— pu(k—1)- p,u(k-2) Keu; Tu; To; T
T 2T T +T, K T,
4L =L K,+2K,~ °( T PID controller
bl poh T using filtration of
6 27 27 27 D-component,
T, T, T, Tustin
approximation
zn2fd KpTy I+T, Q(ZK KPII))_F KpT,  Kply
m3fd | _ 2, T, . R/ T, 21
ql 2T ’ qZ 2T/
7+l —+1
T, T
Tf:T—D; a € (3;20)
: [04
7 u(k) = Kp[y(k =1) = y(k)]+ K, [w(k) = y(k)]+ Kp[2y(k —1) = y(k - 2) - y(k)]+ Keu; Tu; To
+u(k—1)
PID - Takahashi's
2tak
£hslak K, =0.6K, _&; K, =1'2K—PuTO; K, :M controller
zn3tak o9 T 40T,
u(k)=up (k)+u, (k) Kpu, Ty, To
8 | uy (k)=K,[y(k-1)-y(k)]+ PID - Astrom's
K,T, controller
oast +#}°[e(k)+e(k—l)]+ﬂ Ky [w(k)=w(k=1)]+u, (k-1)
zn3ast
D T, T,
k)= L k=1)-y(k)|+—2= k-1
”D() PTD+TOa[y( ) y( )} TD+TOauD( )
Keu; Tu; To
u(k)=K, {e(k)—e(k—l)+%e(k)+ o
I
9 r PID controller
+—D[e(k)+ze(k—1)—6e(k—2)+2e(k—3)+e(k—4)}}+u(k—1) using  backward
n2fpd 0 rectangular
£ ; method, replacing
zn3fpd derivaton by a
four- point
difference
u(k) =qye(k)+qe(k—1)+q,e(k —2)+u(k—1) d - time delay
10 _ k. _ _K _ _k
q, =5 q, = 4,9 _b_a“ 9, = 4,4, —b_az PID - Banyasz -
bao 0 0 0 Keviczky's
bac troll
k=—— =0 k= (>0 =2 controller
2d -1 2d(1+y)1-y) o




Self-tuning Controller Simulink Library

12

B - adjustment
u(k)=K,e(k)—e(k—-1)+ [e —2e(k-1)+e(k— 2)] +u(k-1) factor
1 TO

11

KP:_(a1+2a2)Q; T, =- T,

b I D PID - Dahlin's

da2 a +2a, T, controller
%
D:T;)aZQ; Q:1_67§

KPbl
u(k) = q.e(k) +qe(k -+ qe(k=2)+ (1= p)u(k D+ yu(k-2) Wn - natural
1 b b frequency
a a s,
12 Q=" +1-a-y); q="r-q,(——+D; g =-—"; =q,—* ¢ -  damping
b b b a4 g = factor

pa 1 | 5=l +b) @b, ~a) +b,(Bd, ~bd, ~b,)];

i = (b +,)abb, + by +67) PID A1 pole
placement
controller

u(k) = ge(k)+qe(k -+ q,e(k —2)+ (- p)u(k -1+ yu(k-2) a, o - real and
imaginary

g, =25, L ek P b A component of the

13 4l 4 b2 n pole

a5 1 = (b +b,)(abb, + azbl2 +b22) ; r, =x,(b +b,)(a,b, —a,b) PD A2 |

ppZa - pole
= b12x4 —b, [b1x3 —by(x, + xz)] ; o =a I:blzx4 +b22x1 —bb,(x, +x, ):| placement
5 5 s controller
1= (b +b2)[a2(b1x2 —byx))—-bx, +b2x3] v I =b(bix, —bbyxy +byx,) = byx
u(k) ==[(gs + B)y(k) = (g5 +q3)y(k =) +q;y(k -2)] - 23 - natural
~(r = Dutk=1)+ yu(k ~2)+ fw() frequency
& - damping factor

14 ’ ’ b] al az . ’ Sl . ’ bz . ’

=075 G= v B (d +1-a, -y -bgqy)

2 2 2 1 2 1

2%b 1 i P|ID B-1  pole

§=4a, {bz [al (b +b,)+b(d, —a,)—b,(d, +1)] —a,b] } placement
controller

1 = (b +b,)abb, —abi ~b)

u(k) = ~[(gh + By ()~ (g + 45)y(k—1) + gk ~2)] - @ o - real and

(y— _ _ imaginary
(7 =Dulk =1+ yulk=2)+ fwik) component of the
, r, — It , I+r T X +X, =X, +X ole

q():_z 3 4; q2:6 7; 7/:_5’ ﬂ: 1 2 3 4 p

15 4 h H b, +b,

PID B-2 ole

1 = (b, +b,)abb, —a,b —b}); 1y =ab, [by(x, + Xy +x,) —byx, ] placement p

pp2b 2 controller

1y = ayby [byx, = b (xy —xy +x,)]; 1y = (b +b,)[bix, +b,(=xy —x,)]

i =b (b12x4 —b bx, +b22x2)—b23x1 v = b12 (—a2x3 +ax, —a2x4)

r,=b, [b, (a,x4 +a,x, —x4)—b2 (ale +x, )}

16 [ (k)= rw(k) - a0 (6)- gy (k—1)-gp(k2) - Deacbeat
db2w controller  (wea
=Rl —pu(k—1)— pyu(k-2) -
db3w 1 ? version)

17 u(k)=rw(k)=qyy(k)—qy(k-1)—q,y(k-2)- Deatd—ﬁeat o
db2 controller (strong
gb<s —pu(k=1)-pyu(k-2) version)

db3s
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5 u(k):é[aly(k—l)Jrazy(k—2)—b1u(k—1)—b2u(k—2)+w(k)]+u(k—1)
mv2

g - penalisation
factor

Minimum variance
controller

u(k) = row(k)+r1w(k—l)+r2w(k—2)—
~qoy (k)= @y (k=1)= g,y (k=2) = pu(k=1)= pu(k-2)
19 | 4(=")p(=" ) B(=")ol=") - (=)

ﬁ B(=")R(z")+F(z7)s(=")=D(=")

D — characteristic
polynomial,
Reference signal
type

To

Generic pole
placement
controller

u(k) = row(k)+ r,w(k—l)+r2w(k —2)—

~q0y (k)= ¢y (k=1)=q,y(k=2) = pu(k—1)- p,u(k-2)
A(zfl )P(zfl )—I—B(z*] )Q(zfl ) = D(zfl)
B(z’l)R(z’l)-i-F(z’l)S(z’l) = D(z’l)

® - weight of
controller  output
signal in LQ
criterion

Reference signal
type

T
20 | D(z")=l+dz" +dyz? °
pp2iq
4 =_"" d. =" Controller based
L S+m, s on minimisation of
LQ criterion
1 1/12 _4m.? 2
5:—+ 5 e /”Lz%—m2+ (%+m2) -m’
m, = ¢(1+a12 +0¢22)+b12 +b22 m, = @(a, +a,a,)+bb, m, = @a,
u(k)=rw(k)=qy(k)=qy(k=1)=q,y(k-2)~q,y(k=3)+ w,-  natural
+(1=p)u(k=1)+(p, - py u(k —2)+ pyu(k -3) frequency
21 - - = 1 O 4 g - damping
A(Z )P<Z )K(z )+B<Z )Q<Z ):D(Z ) factor
pp2c2dof D(z’l) =l+dz" +d,z” SDOF |
pp3c2dof pole
2o 1+d +d,+..+d,, placement
Iy = b+b + +b controller with
e compensator
Notes:

m-file name: xx(x)a(yyyy).m: xx(x) - controller type, n = 2 or 3 - process model order, (yyyy) - controller

further details
Controllers number 1, 2, 3,4, 5,6, 7,8 and 9:
K,=0.6K, ; T, =0.5T ; T, =0.125T,

Controllers number 12, 14 and 21:
d, =-2exp(—¢w,T,) cos(w,T, \J1- &%) for & < 1,

d, = -2exp(~éw,T,) cosh(w,T, \[1- &%) for & y o1,
d, = exp(-2¢w,T;)

Controllers number 13 and 15:
x, =c+l-a;

X, =d+a —ay; X = f+ay; =8
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c=—4a; d=6a’+w; f

“2a2a’ +a*);

g=a’(a’ +a°)
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4.1 zn2fr

Ziegler-Nichols PID controller for processes of second order. Controller is based on forward rectangular
method of discretization.

Transfer function of the controlled system:

G(z)= bz ' +bz”

l+az"' +a,z”

Vector of identification initial parameter estimations:
~ ~ 7T

|y, 3,5, |

Controller specific parameters:

None.

Control law:

T T

_ 0 D

u, =K, [ek -e. +—T e +—(ek —2e, +ek_2) +u,
I 0

where e is control error (e, = w, — y, ). This form of control law can be transformed to feedback form:

U =406 4,6 T 9,8, U

Controller parameters are calculated using following equations:

T T, T T,
— _ =K. =L
9, —KP(1+—D] q, ——KP[I——O—I-Z—D] 9, P
K,=0.6K,, T,=0.5T, T, =0.125T,

Variables K, and 7, are ultimate gain and ultimate period respectively.

Source code:

sid on-line identification s-function

zn2fr function for computation of controller parameters
scqp controller s-function

See also:

On-line identification methods
Computation of ultimate gain and period
List of common controllers parameters
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4.2 zn2br

Ziegler-Nichols PID controller for processes of second order. The controller is based on backward
rectangular method of discretization.

Transfer function of the controlled system:
bz '+bz?
G ( z) 1 p

l+az" +az”

Vector of identification initial parameter estimations:
R
[al, a,, b, bz}
Controller specific parameters:
None.
Control law:
L I
u, =K,|e —e_ +—e, +—(ek —2e, , + ekfz) +u,,
T, 0
where ey is control error (¢, = w, — y, ). This form of control law can be transformed to feedback form:
Uy = G086 T 9181 T G426 Tl

Controller parameters are calculated using following equations:

T. T T, T,

=K, |1+22+L2 =K. |1+222 q, =K,*

qO P( . TE]J C]] p( TE)] P T(,)
K,=0.6K,, T, =0.5T, T, =0.125T,

Variables K, and 7, are ultimate gain and ultimate period respectively.

Source code:

sid on-line identification s-function

zn2br function for computation of controller parameters
scqp controller s-function

See also:

On-line identification methods
Computation of ultimate gain and period
List of common controllers parameters
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4.3 zn2tr

Ziegler-Nichols PID controller for processes of second order. Controller is based on trapezoidal method of
discretization.

Transfer function of the controlled system:
bz '+bz?
G ( z) 1 p

l+az" +az”

Vector of identification initial parameter estimations:
R

[al, a,, b, bz}

Controller specific parameters:

None.

Control law:

T - T
u, =K, [ek —e +FO%+FD(Q€ —2e,_,+e,, )} +u,
I 0

where ey is control error (¢, = w, — ¥, ). This form of control law can be transformed to feedback form:

U =406 416 T 928, U,

Controller parameters are calculated using following equations:

T,
g9, =K, 1+i+T—D q,=-K, 1_i+2i q,=K,2
2T, T, 2T, T, T

K, =0.6K,, T, =0.5T, T,=0.125T,

Variables K, and 7, are ultimate gain and ultimate period respectively.

Source code:

sid on-line identification s-function

zn2tr function for computation of controller parameters
scqp controller s-function

See also:

On-line identification methods
Computation of ultimate gain and period
List of common controllers parameters
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4.4 zn2pd

Ziegler-Nichols PD controller for processes of second order. Controller uses reference variable (w) just in
proportional component.

Transfer function of the controlled system:
bz '+bz?
G ( z) 1 p

l+az" +az”

Vector of identification initial parameter estimations:
R

[al, a,, b, bz}

Controller specific parameters:

None.

Control law:

T
u, =K, |:WK — Vi +7D(J’k71 —Vk )}

0

This form of control law can be transformed to feedback feedforward form:
Uy =W =40V =41V

where controller parameters 7, g, and g, are calculated using following equation:

T T,
7 =Ky %:KP[H?D] qlz—KPFD
0 0
T
K,=04K T,=—
P Pu D 20

Variables K, and T are ultimate gain and ultimate period respectively.

Source code:

sid on-line identification s-function

zn2pd function for computation of controller parameters
scrqp controller s-function

See also:

On-line identification methods

Computation of ultimate gain and period
List of common controllers parameters




Self-tuning Controller Simulink Library 19

4.5 zn2pi

Ziegler-Nichols Pl controller for processes of second order. Controller is based on trapezoidal method of
discretization.

Transfer function of the controlled system:

G(z)= bz +b,z7

l+az " +az”

Vector of identification initial parameter estimations:
R L
[al, a,, b, bz}

Controller specific parameters:
None.

Control law:

where ey is control error (e, = w, — ¥, ). This form of control law can be transformed to feedback form:
Up = qo€ + 418 T U,

Controller parameters are calculated using following equations:

T T
=K, | 1+—2~ =—K,|1-—>
9, P( ZTI] q P[ 27}]

K, =0.6K,, T,=0.57,
Variables K, and T, are ultimate gain and ultimate period respectively.

Source code:

sid on-line identification s-function

zn2pi function for computation of controller parameters
scqp controller s-function

See also:

On-line identification methods
Computation of ultimate gain and period
List of common controllers parameters
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4.6 zn2fd

Ziegler-Nichols controller for second order processes with filtration of D-component using Tustin
approximation.

Transfer function of the controlled system:

G(z)= bz +b,z7

l+az " +az”

Vector of identification initial parameter estimations:
R L
[al, a,, b, bz}

Controller specific parameters:

Parameter Description
Filtration coefficient a used by filter of process output signal. The time constant of
alfa - filtration T
coefficient the filter is: 7, =—2 where usually 3 < o < 20
a
Control law:

Uy =408 79,61 T 926, — Pl — Polly
where ey is control error (¢, = w, — ¥, ) and controller parameters are calculated using following equations:
C C
1+2(c, +¢, )+ (1+2¢,) T—4(c, +¢,)
f d 2 f f d

2
= =
9, =K, 1+ 2Cf q, =K,

1+ 2cf

cf(2—cl.)+2cd+%—1

=K
S I+2c,
b= —4c, » _2¢,-1
1 2=
1+2¢, 1+2¢,
T, T T,
cfz—f Ci:—o Cd__D
T, T 7,
TD
K, =0.6K,, T, =0.5T, T, =0.125T, T,=—+
a

Variables K, and 7, are ultimate gain and ultimate period respectively.

Source code:

sid on-line identification s-function

zn2fd function for computation of controller parameters
Scqp controller s-function

See also:

On-line identification methods
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Computation of ultimate gain and period

List of common controllers parameters




Self-tuning Controller Simulink Library 22

4.7 zn2tak

Takahashi's controller for processes of second order.

Transfer function of the controlled system:

G(z)= bz +bz”

l+az"' +az”

Vector of identification initial parameter estimations:
~ ~ 7T

[&15 a,, b, bz}

Controller specific parameters:

None.

Control law:

T T
u, =K, {_J’k + Vi +FO(W1¢ _J’k)+FD(2J’k71 Vi = Vi )} U,
I 0

This form of control law can be transformed to feedback feedforward form:
Uy =ToW, — Qo — 4 Vi — 92V U

where controller parameters 7, q,, q, and g, are calculated using following equation:

T, T, T
n=K,_* =K,|1+2+-2
PT[ 9 P( T
T, Ty
=—K,|1+2°2 7, =K, —~
q, P[ %] T,
T, K,T, 3K, T,
= _— T = U T =
Ky =0.6Kp, (1 T J " 12K, P 40K,

Variables K, and 7, are ultimate gain and ultimate period respectively.

Source code:
sid on-line identification s-function
zn2tak function for computation of controller parameters

scrgp controller s-function

See also:

On-line identification methods
Computation of ultimate gain and period
List of common controllers parameters
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4.8 znZ2ast

Astrom's controller for second order processes.

Transfer function of the controlled system:

G(s) = bz +bz”
(Z) a -1 -2
l+az" +a,z

Vector of identification initial parameter estimations:
~ ~ T
|:&1’ &2’ bl’ b2i|

Controller specific parameters:

Parameter Description

Filtration coefficient a used by filter of process output signal. The time constant of

- fi T,
alfa - filter constant the filteris: T, = —L where usually 3 < a. < 20

(94

The weight B of reference signal in proportional component of controller. The

beta — weight weight should be 0 < B < 1
Control law:

U =Uppy tUp
where:

T
Up i =Kp| ¥ii =W +ﬁ(Wk Vi t Wil _yk—1)+ B (Wk Wi )j|+uP1,k—1
I

T,

Upy = m[KPa (J’k—4 ~ Vi ) + uD,k—l:I

where controller parameters K ,, 7, and 7; are calculated using following equation:
K, =0.6K,, T, =0.5T, T, =0.125T,
Variables K, and 7, are ultimate gain and ultimate period respectively.

Source code:
sid on-line identification s-function
zn2ast function for computation of controller parameters

scast controller s-function

See also:

On-line identification methods
Computation of ultimate gain and period
List of common controllers parameters
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4.9 zn2fpd

Ziegler-Nichols controller for second order processes. The controller is based on forward rectangular method
of discretization replacing derivation by a four-point difference.

Transfer function of the controlled system:

G(s)= bz +b,z7
(Z) - -1 -2
l+az" +a,z

Vector of identification initial parameter estimations:
R L
[al, a,, b, bz}

Controller specific parameters:

None.
Control law:
T T
u, =K, {ek —e +F°ek +-L (ek +2e,_,—6¢,_,+2¢,_s+e,_,) |+u,
I 0

where ey is control error (e, = w, — y, ). This form of control law can be transformed to feedback form:

U =408 Y416 T 9285 T 436, 3T 4,464 TU,

Controller parameters are then calculated using following equations:

T, T T T,
=K |1+224+ D =K | -1+22 q =K £
o P( T, 67‘0] g "( 3TJ ? T
T, T,
=K D =K D
q; P3T0 q, P—6]z)
K,=0.6K,, T, =0.5T, T, =0.125T,

Variables K, and 7, are ultimate gain and ultimate period respectively.

Source code:
sid on-line identification s-function
zn2fpd function for computation of controller parameters

scfpd controller s-function

See also:

On-line identification methods
Computation of ultimate gain and period
List of common controllers parameters
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4.10 ba2

Banyasz-Keviczky's controller for second order processes with dead time.

Transfer function of the controlled system

bz '+bz?
G(Z): Gtz ‘
I+az" +a,z

Vector of identification initial parameter estimations:
~ ~ T
|:&1’ &2’ bl’ b2j|

Controller specific parameters:

Parameter Description
. Dead time d of controlled process in sample times. Value of this parameter must
ID Dead time .
be integer d > 0.
Control law:

U =40 + 9,6 + 928, — Dl — Dol

where ey is control error (¢, = w, — ¥, ) and controller parameters are calculated using following equations:

Az _ k] ~ R
V== 4o =7 q, =494 q, =409,
b, b,
and where:
e If ¥ <0 or y =1use serial filter G (z’l) =; :
F I+y- z™!
k ! 1
- = — —|— = —
e else do not use the filter:
b = 1
2@+ ) (1+y)(1-y) p=-1 p,=0
Source code:
sid on-line identification s-function
ba2 function for computation of controller parameters
scqp controller s-function

See also:
On-line identification methods
List of common controllers parameters
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4.11 da2

Dahlin's controller for the processes of the second order.

Transfer function of the controlled system:

-1
G(z) B bz

l+az"' +az”

Vector of identification initial parameter estimations:
~ T
|:&1 2 &2 2 bl]

Controller specific parameters:

Parameter Description
B - adjustment|Adjustment factor B that specifies dominant time constant of step response of
factor closed control circuit: the smaller B, the quicker step response of closed circuit.
Control law:
L, I
u =K, e, —e_ +—e, +—(ek —2e, , +ek72) +u,
1 0

where e is control error (¢, = w, — ¥, ) and controller parameters are calculated using following equations:

n n A T
I K :_(a1+2a2)Q T :];)azQ T[:_ 1 . T
O=l-e? g b " K.b P o B
! L a, +2a, T,

Source code:
sid on-line identification s-function
da2 function for computation of controller parameters
scqp controller s-function

See also:
On-line identification methods
List of common controllers parameters
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4.12 pp2a_1

PID A-1 pole placement controller for second order processes.

Transfer function of the controlled system:

G(z)= bz +bz”

l+az"+az”

Vector of identification initial parameter estimations:
~ ~°T
|:&1’ &27 bl’ b2i|

Controller specific parameters:

Parameter Description

Dumping factor & specifying dynamic behaviour of closed loop. The dynamic
xi — damping factor | Pehaviour of the closed-loop is similar to second order continuous system with

characteristic polynomial s +2- E-w-s+ .

Natural frequency o specifying dynamic behaviour of closed loop. The dynamic
omega - natural|pehaviour of the closed-loop is similar to second order continuous system with

frequency characteristic polynomial s* +2-&-@-s+®” .

Control law:
U, =qpe, + g6+ qe , + A=y +yu;,

where e is control error (¢, =w, —y, ) and controller parameters ¢,, q,, ¢, and y are calculated by
solving following diophantine equation:

A(zf1 )P(zfl)%rB(zfl)Q(zf1 ) = D(zfl)
where polynomials are as follows:

A()=trd i B() b b

P(=)=(1==)(1472")  O(=")=ap+ars " +s2”

D(z")=1+dz"+dyz?  d = —2exp(—§a)To)cos(a)T0 1—52) for £<1
d, =—2exp(—¢oT) cosh(a)To\/gT—l) for &> 1

d,=exp(-2¢ o T)

Solving the diophantine equation leads to following relations for controller parameters:

) s a b a 1 \
7=QzT2 qz:_l qlz”_z_qz(%_%+lJ qosz(lerl_al_}/)
Clz 7i b2 b2 az 1
where:
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Source code:
sid on-line identification s-function
pp2a_1 function for computation of controller parameters

scqp controller s-function

See also:
On-line identification methods
List of common controllers parameters
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4.13 pp2a_2

PID A-2 pole placement controller for second order processes.

Transfer function of the controlled system:

G(z)= bz +bz”

l+az"'+az”
Vector of identification initial parameter estimations:
A oATT
[al, a,, b, bz}

Controller specific parameters:

Parameter Description

Imaginary component o of the poles of the closed control loop. The dynamic
behaviour of the closed-loop is defined by its poles:
omega — imaginary

component of the a=atrj o
pole Z,=a—j-@
Z,Z, =

Real component a. of the poles of the closed control loop. The dynamic behaviour
of the closed-loop is defined by its poles:
alfa - real

component of the n=atj o
pole Z,=a—j @

Z3,Z, =
Control law:

U, =qpe, + &+ e, A=y +yu;,

where e is control error (¢, =w, —y, ) and controller parameters ¢,, q,, ¢, and y are calculated by
solving following diophantine equation:

A(zf1 )P(zfl)%rB(zfl)Q(zf1 ) = D(zfl)
where polynomials are as follows:

A(z_1 ) =l+a,z" +a,z" B(z‘l) = lslz_1 + Bzz_z
P(z_1 ) = (1 -z )(1 +yz” ) Q(Z_l) =q, +q12_1 +q22_2

D(z‘l) = [1—(a+ja))z_l]~[l—(a —ja))z‘l]-(l—a 2‘1)2
Solving the diophantine equation leads to following relations for controller parameters:

_r_ﬁ _I’Z—T"3 __7"4+I"5 _X4+]/ 612
= qo = q, = g,=———""
h h h b2

/4
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_ 52
=bix, -

l;z [l;lx3 —132 (x, +x, )] 7, =a [512x4 +I;22x1 —l;ll;z (x2 + x5 )]

= (131 +b, )[&2 (I;lx2 —byx, ) —bx, + 52x3J r=bh (1312x4 —bb,x, +b2x, ) —blx,

x=c+l-

c=-4a

a x,=d+a —a, X, =f+a, X, =g

d =60+’ f=—2a(2a2+a)2) g:az(aera)z)

Source code:

sid
pp2a_2
scqp

See also:

on-line identification s-function
function for computation of controller parameters

controller s-function

On-line identification methods

List of common controllers parameters
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4.14 pp2b 1

PID B-1 pole placement controller for second order processes.

Transfer function of the controlled system:

G(s)= bz +bz”
(Z) - -1 -2
l+az" +a,z

Vector of identification initial parameter estimations:
~ ~ T
|:&1’ &2’ bl’ b2]

Controller specific parameters:

Parameter Description

Dumping factor & specifying dynamic behaviour of closed loop. The dynamic
xi - damping factor | behaviour of the closed-loop is similar to second order continuous system with

characteristic polynomial s> +2- E-w-s+ »*.

Natural frequency o specifying dynamic behaviour of closed loop. The dynamic

omega - natural|pehaviour of the closed-loop is similar to second order continuous system with

frequency characteristic polynomial s* +2-&-@-s+®” .

Control law:
we == (45 +B) v ~(46 +45) vt + 65712 | = =Dty + yu, + B,
This form of control law can be transformed to feedback feedforward form:
Up =ToW =40y =41kt =92 Via = Pillyy — Pl
where controller parameters are calculated by solving following diophantine equation:
A(Z% )P(271)+ B(zf1 )[Q(271)+ ’”o} = D(zfl)

where polynomials are as follows:

A(Z_l ) =l+az" +a,z" B(z_l) = l;lz_1 + 1322_2
A=) 00r) o)1) v
D(z’l ) =1+dz"' +d,z” d, = —26Xp(—cfa)TO)cos(a)T0 1-&° ) for £ <1

d, = -2exp(-¢oT,) cosh(aﬂz)\/f2 —1) for £>1

d,=exp(-2¢ 0 T))
Solving the diophantine equation leads to following relations for controller parameters:

. _d +1-ad,-y-hgq, p=7-1 py==7
0_ A

b

qo =1, + 4y a,=—(q,+q) 9, =4,

where:
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Source code:
sid on-line identification s-function
pp2b_1 function for computation of controller parameters

scrqp controller s-function

See also:
On-line identification methods
List of common controllers parameters
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4.15 pp2b_2

PID B-2 pole placement controller for second order processes.

Transfer function of the controlled system:

G(2)= bz ' +bz”
(Z) - -1 -2
l+az" +a,z

Vector of identification initial parameter estimations:
~ ~ T
|:&1’ &2’ bl’ b2i|

Controller specific parameters:

Parameter Description

Imaginary component  of the poles of the closed control loop. The dynamic
behaviour of the closed-loop is defined by its poles:
omega — imaginary

component of the n=atjw
pole Z,=a—j-@
2,2, =0

Real component a of the poles of the closed control loop. The dynamic behaviour
of the closed-loop is defined by its poles:

alfa - real s —a+ i@
component of the e J
pole z,=a—j-@

Z3,Z, =
Control law:

u, == (a6 +B) v —(2+ &) i + @oin |= r =Dy + yu_y + Bw,
This form of control law can be transformed to feedback feedforward form:
U =W =90V =41V k1 =92V k2 — Pillgy — Pty
where controller parameters are calculated by solving following diophantine equation:
A(z_l)P(z_l)+B(z_1)[Q(z_l)+ro] = D(z_l)
where polynomials are as follows:
A(Z_l):l+&12_1 +a,z7 B(z_l) :l;lz_1 +b,z7°
P(Z_l ) = (1 —z )(1 + 7/2—1) Q(z_l) =(1-z" (qé + q;Z_l)
D(z‘l) = [1—(0{+ja))z_1]~[l—(a—ja))z‘l]-(l—a 2‘1)2
Solving the diophantine equation leads to following relations for controller parameters:

_ At 5T X, p=y-1 P,="7
b +b,

o

qo =1 + 4y a,=—(q,+q) 9, =4,
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where:
y=2 gy=-210Th g ="""
h h h
h= (51 + AZ)(&leleZ ~a,b; _522) h= dlez [ A1 (xz X3 +3‘4) Zsle}
= [12[;1 [I;le —l;l (x, -2, +x, )} T, = (Z;l +52)[51x4 +52 (x-x, )}
s = A1 ( A12x4 +l;152x3 +l;22x2)‘523X1 Te = 512 (dzxs +ayx, ‘&2)‘4)
v = 52 [131 (a,x, +d,x, - x,) 52 (@yx, +x, )}
x, =c+1-aq, x,=d+a,—a, x,=—f-a, X, =g
c=—-4a d=6a’+ f=—2a(2a2+a)2) g:az(a2+a)2)

Source code:
sid on-line identification s-function
pp2b_2 function for computation of controller parameters

scrqp controller s-function

See also:
On-line identification methods

List of common controllers parameters
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4.16 db2w

Deadbeat controller for processes of second order (weak version).

Transfer function of the controlled system:

G(2)= bz ' +bz”
(Z) - -1 -2
l+az" +a,z

Vector of identification initial parameter estimations:
[&17 a,, 131’ l;zT
Controller specific parameters:
None.
Control law:
U =W =40V =1 Vi1 — Pildyy

where controller parameters 7, q,, q, and p, are calculated using following equation:

L1 ool g= 3

0 -7 0T 1= D ==
| b, b, b,

Source code:

sid on-line identification s-function

db2w function for computation of controller parameters

scrqp controller s-function

See also:

On-line identification methods
List of common controllers parameters
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4.17 db2s

Deadbeat controller for processes of second order and step changes of reference variable (strong version).

Transfer function of the controlled system:

G(s)= bz ' +bz”
(Z) - -1 -2
l+az" +a,z

Vector of identification initial parameter estimations:
[&15 a,, 51’ l;zT
Controller specific parameters:
None.
Control law:
U =W =40V =1 Vi1 — Pildyy
where controller parameters 7, q,, q, and p, are calculated by solving following diophantine equation:

A(z)P(z")+B(z)0(2 ) =1

1-B(z")R(z")=(1-2")8(z")

where polynomials are as follows:

A(Z_l)=1+&lz_1 +a,z7 B(z‘l):512‘1+522‘2
P(Zil)zl-l-plzil Q(Zfl):qoﬁ-qlzfl
R(z_l):ro S(z_l):so+slz_1
Solving the diophantine equations leads to following relations for controller parameters:
AT AAT A n AR AN
G0 = —a;b, + a,a,b +a,b, —-a, (alb2 —azbl)
(2, AT T ) =—= ~= =
—b; +abb, —a,b; h -bl +a,bb, —a,b’
2 17172 271
c(Ah Ak 1
b2(alb2—a2 1) Ty ==
Ph=——7 7  t 0,
—b; +a,bb, —a,b,
Source code:
sid on-line identification s-function
db2s function for computation of controller parameters
scrqp controller s-function
See also:

On-line identification methods
List of common controllers parameters
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4.18 mv2

Minimum variance controller for processes of second order.

Transfer function of the controlled system:

G(z)= bz +bz”

l+az" +az”

Vector of identification initial parameter estimations:

~ ~ 7T
[al, az,bl,bz}

Controller specific parameters:

Parameter Description
Penalisation factor q used by computation of control law parameters. This
g - penalisation | parameter specifies the measure of change of current controller output with
factor respect to previous controller output: the smaller penalisation, the greater
possible change of controller output.
Control law:

A

1 . . ~
U, = ;(alyk—l + a4, —bu,  —byu 5 +w, ) +u,

This form of control law can be transformed to feedback feedforward form:

Uy =W, =41 Vit =92V — Pilg— — Paldy

where controller parameters 7, q,, q,, p,,and p, are calculated using following equation:

”ozl ‘]1:_ﬂ ‘]z:_& plzﬁ—l p,=—=
q q q q q

Source code:

sid on-line identification s-function

mv2 function for computation of controller parameters

scrqp controller s-function

See also:

On-line identification methods

List of common controllers parameters
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4.19 pp2chp

Generic pole placement controller for second order processes.

Transfer function of the controlled system:

G(2)= bz +bz”
(Z) - -1 -2
l+az" +a,z

Vector of identification initial parameter estimations:

~ ~ 7T
[al, az,bl,bz}

Controller specific parameters:

Parameter

Description

Reference signal
type

It's possible to choose one of the following signal types:
e steps
e ramps
e sin waves

Frequency

Frequency f of reference signal - valid only when reference signal is 'sin waves'

Coefficients of

Vector determining characteristic polynomial D(z") and thus the positions of the
poles of the closed loop. If vector is [dO, d1, d2, d3], then characteristic

cglarr?g:ﬁir;tlc polynomial will be D(z'1) =d0+d1-z" +d2z° + d32°. The length of the vector
poly can vary but at lest d0 must be specified.
Control law:

where controller parameters r, 11, Qo, g1, Po @nd p, are calculated by solving following diophantine equation:

U, = p_(rOWk W =90V — 4 Via _pluk—l)
o

A(zfl)P(zfl)+B(zfl)Q(zfl): D(zfl)
B(z‘l)R(z_1)+F(z_1)S(z_l) =D(z_1)

where polynomials are as follows:

A(z_1 ) =l+a,z" +a,z" B(z‘l) =bz "' +b,z”

P(Z_l): Do +plz_l

R(z_l): r+nz!

Q(Z_l) =4, +Q1Z_1

S(z_l) is any appropriate polynomial

F(z'1) depends on reference signal type:

Reference signal type F(z'1 )

1

steps 1-z~
ramps 1-2z7"+27
sin waves 1-2-cosw-z"' +z7 where 0 =27 f-T,

Source code:
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sid on-line identification s-function
pp2chp function for computation of controller parameters

scast controller s-function

See also:
On-line identification methods
List of common controllers parameters
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4.20 pp2iqg

LQ controller for second order processes.

Transfer function of the controlled system:

G(2)= bz +bz”
(Z) - -1 -2
l+az" +a,z

Vector of identification initial parameter estimations:
~ ~°T
|:&1’ &2’ bl’ b2i|

Controller specific parameters:

Parameter Description

It's possible to choose one of the following signal types:
Reference signal e steps
type e ramps

e sin waves

Frequency Frequency f of reference signal - valid only when reference signal is 'sin waves'

Penalization ¢ of controller output in LQ criterion:
Penalization of

controller output — fi J= i {[w(k) — y(k)]2 + ¢[u(k)]2}

Control law:

u, :p_(”owk W = oY =Y~ Pty )
0

where controller parameters ry, r1, Qo, g1, Po and p, are calculated by solving following diophantine equation:

A(zfl)P(zfl)+B(zfl)Q(zfl): D(zfl)
B(zfl)R(zfl)%rF(z*])S(z*]):D(zfl)

where polynomials are as follows:

A(z_l):lerlz_1 +a,z7 B(Z‘l) = Alz‘l + AZZ‘Z
P(Z_l):po+plz_l Q(Z_l)ZQO+Q1Z_1
R(zfl ) =7+ rlz*l S(zfl) is any appropriate polynomial
D(z‘l)=1+dlz '+d,z7
where
A+:JA% —4m)? ?

d=-"1_ 4="2 5= R L N £&+m2j —m?

o0 +m, o 2 2 2

m, :go(1+czl2 +a22)+b12+b 2 m, =@(a,+aa,)+bb,, m, =¢a,

F(z'1) depends on reference signal type:
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Reference signal type | F(z")

steps 1-z7'

ramps 1-2z7"427

sin waves 1-2-cosw-z"' +z7 where =27 f T,

Source code:

sid on-line identification s-function

pp2iq function for computation of controller parameters
scast controller s-function

See also:

On-line identification methods

List of common controllers parameters
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4.21 pp2c2dof

Pole placement 2 degree-of-freedom (2DOF) controller with compensator for second order processes.

Transfer function of the controlled system:

G(s)= bz +bz”
(Z) a -1 -2
l+az" +a,z

Vector of identification initial parameter estimations:
~ ~°T
|:&1’ &27 bl’ b2i|

Controller specific parameters:

Parameter Description

Dumping factor & specifying dynamic behaviour of closed loop. The dynamic
xi — damping factor | Pehaviour of the closed-loop is similar to second order continuous system with

characteristic polynomial s> +2- E-w-s+ »*.

Natural frequency o specifying dynamic behaviour of closed loop. The dynamic
omega - natural|pehaviour of the closed-loop is similar to second order continuous system with

frequency characteristic polynomial s* +2-&-@-s+®” .

2DOF control loop:

w R
™ Pk
0 « | B v
| PK A "
Feedback controller:
_] _ _
Gy(2)= o) _ g+rar'+a”

P(Z_l )K(Z_l ) (1 + plz_] )(l —z7 )
Feedforward controller for a step reference signal:

V. GO
O Ak () 1)

Characteristic polynomial of closed loop:

A(Zfl)P(Zfl)K(zfl)—i-B(z*l)Q(z*l) = D(zfl)

where polynomials are as follows:

N

A(Zfl)z 1+&1271 +&2272 B( 71)=bﬂlzfl +l;2272

P(z’1)=1+plz’1 Q(z’l)zqo +qlz’1 +qzz’2
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K(z_l):l—z_1
D(z‘l):1+a’]z‘1+...+a’42‘4 d, :—2exp(—§a)To)cos(a)T0 1—52) for £<1

d, = -2exp(-¢wT,) cosh(a)TO\/gZ2 —1) for &> 1

d,=exp(-2¢ 0 T))

d,=d, =0
Matrix equation:
b0 0 1 g [de1-a
b, b 0 a-1|gq| |d+a-a,
0 b, b a-a %] | d+é,
0 0 b -4 |LP d4

Control law:
P(zHK(zu, =R(zw, -0z,
Uy =ToWe = Qo Ve =41 Vi — Vi t (1 - D )uk—l + Py,

_1+d,+d,+d,+d,
b +b,

o

Source code:
sid on-line identification s-function
pp2c2dof function for computation of controller parameters

scfbfw controller s-function

See also:
On-line identification methods
List of common controllers parameters
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4.22 zn3fr

Ziegler-Nichols PID controller for processes of third order. The controller is based on forward rectangular
method of discretization.

Transfer function of the controlled system:

bz '+b,z” +bz"

G(z)=

l+az "' +az7 +a,z”

Vector of identification initial parameter estimations:
A A ~ T

[y, 3, d5, by, by, b |

Controller specific parameters:

None.

Control law:

T T

_ 0 D

u, =K, [ek -e, +—T e, +—(ek —-2e, | +ek72) +u,
1 0

where ey is control error (¢, = w, — y, ). This form of control law can be transformed to feedback form:

U =406 416 T 9,8, TU,

Controller parameters are calculated using following equations:

T T T T,
=K,|1+2 =—K,|[1-=242-L2 7, =Kp—
9 P( %] q, P( . 71)] To

K, =0.6K,, T, =0.5T, T,=0.125T,
Variables K, and T are ultimate gain and ultimate period respectively.

Source code:

sid on-line identification s-function

zn3fr function for computation of controller parameters
scqp controller s-function

See also:

On-line identification methods
Computation of ultimate gain and period
List of common controllers parameters
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4.23 zn3br

Ziegler-Nichols PID controller for processes of third order. The controller is based on backward rectangular
method of discretization.

Transfer function of the controlled system:

bz '+b,z” +bz"

G(z)=

l+az "' +az7 +a,z”

Vector of identification initial parameter estimations:
A A ~ T

[y, 3, d5, by, by, b |

Controller specific parameters:

None.

Control law:

T, T,

— 0 D

u, =K, {ek —e _,+ T e, + (ek —2e, , + ekfz) +u,,
1 0

where ey is control error (¢, = w, — ¥, ). This form of control law can be transformed to feedback form:
Up =qo€ + 418 T 926 U

Controller parameters are calculated using following equations:

T, T T, T,
=K, | 1+2+-L =—K,|1+22 g, =K, ==
9 P( 1 Toj q, P( To] T,

K, =0.6K,, T, =0.5T, T,=0.125T,
Variables K, and T are ultimate gain and ultimate period respectively.

Source code:

sid on-line identification s-function

zn3br function for computation of controller parameters
scqp controller s-function

See also:

On-line identification methods
Computation of ultimate gain and period
List of common controllers parameters
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4.24 zn3tr

Ziegler-Nichols PID controller for processes of third order. The controller is based on trapezoidal method of
discretization.

Transfer function of the controlled system:

bz '+b,z” +bz"

G(z)=

l+az "' +az7 +a,z”

Vector of identification initial parameter estimations:
A A ~ T

[y, 3, d5, by, by, b |

Controller specific parameters:

None.

Control law:

T, e, — T
u, =K, [ek —e +FO%+FD(Q‘ —2e¢,_,+e,, )} +u,
1 0

where ey is control error (¢, = w, — ¥, ). This form of control law can be transformed to feedback form:

U =406 416 T 9,8, TU,

Controller parameters are calculated using following equations:

I, T, T, 2T T,
gy =K, | 1+—>=+-2 g =—K,|1-——4+=2 ¢, =K, 2
2 Ty 21, T, T,
K, =0.6K,, T, =0.5T, T, =0.125T,

Variables K, and T are ultimate gain and ultimate period respectively.

Source code:

sid on-line identification s-function

zn3tr function for computation of controller parameters
scqp controller s-function

See also:

On-line identification methods
Computation of ultimate gain and period
List of common controllers parameters
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4.25 zn3pd

Ziegler-Nichols PD controller for processes of third order. The controller uses reference variable (w) just in
proportional component.

Transfer function of the controlled system:

bz '+b,z” +bz"

G(z)=

l+az "' +az7 +a,z”

Vector of identification initial parameter estimations:
A A ~ T

[y, 3, d5, by, by, b |

Controller specific parameters:

None.

Control law:

T
u, =K, |:WK — Vi +7D(J’k71 — Wk )}

0

This form of control law can be transformed to feedback feedforward form:
Uy =W =40V =41V

where controller parameters 7, g, and g, are calculated using following equation:

T T,
7 =Ky %:KP[HTD] qI:_KP;
0 0

T

K, =04K, T,= s

Variables K, and T are ultimate gain and ultimate period respectively.

Source code:

sid on-line identification s-function

zn3pd function for computation of controller parameters
scrqp controller s-function

See also:

On-line identification methods

Computation of ultimate gain and period
List of common controllers parameters
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4.26 zn3pi

Ziegler-Nichols Pl controller for processes of third order. The controller is based on trapezoidal method of
discretization.

Transfer function of the controlled system:

bz '+b,z” +bz"

G(z)=

B -1 -2 -3
l+az" +a,z" +a,z
Vector of identification initial parameter estimations:
R N
[al, a,,as, b, b,, b3]

Controller specific parameters:
None.

Control law:

where ey is control error (e, = w, — ¥, ). This form of control law can be transformed to feedback form:
Up =o€ + 418 T U,

Controller parameters are calculated using following equations:

T T
=K, | 1+—2~ =—K,|1-—>
9 P( 2]}] q P[ 2]}]

K, =0.6K,, T,=0.57,
Variables K, and T are ultimate gain and ultimate period respectively.

Source code:

sid on-line identification s-function

zn3pi function for computation of controller parameters
scqp controller s-function

See also:

On-line identification methods
Computation of ultimate gain and period
List of common controllers parameters
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4.27 zn3fd

Controller for third order processes with filtration of D-component using Tustin approximation.

Transfer function of the controlled system:

G(z)=

l+az"'+a,z7 +a,z

bz ' +byz7 +bz"

3

Vector of identification initial parameter estimations:
A A ~ T
|1,y d5, by, by, b |

Controller specific parameters:

Parameter Description
Filtration coefficient a used by filter of process output signal. The time constant of
alfa - filtration T
coefficient the filteris: T, = ~L where usually 3 < o < 20
a
Control law:

Uy =908 T 9161 T 926 ) — ity — Polly
where ey is control error (¢, = w, — ¥, ) and controller parameters are calculated using following equations:

1+2(cf+cd)+%(1+2cf) %—4(0_,-+cd)

9 P 1+2Cf 9 P

1+ 2cf

C.
(2—-c.)+2 -+ 1
c/( ¢ )+ cd+2

=K
% P 1+2cf
b= —4c, » :20_,-—1
1 2
1+2cf 1+2cf
T T T
Cf :—f Ci =0 cd —_D
T, 7 7,
TD
K,=0.6K,, T, =0.5T, T,=0.125T, Tf:—
o

Variables K, and 7, are ultimate gain and ultimate period respectively.

Source code:

sid on-line identification s-function

zn3fd function for computation of controller parameters
scqp controller s-function

See also:

On-line identification methods
Computation of ultimate gain and period
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List of common controllers parameters
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4.28 zn3tak

Takahashi's controller for processes of third order.

Transfer function of the controlled system:

G(z)=

l+az"'+a,z7 +a,z

bz ' +byz7 +bz"

3

Vector of identification initial parameter estimations:
A A ~ T

|1,y d5, by, by, b |

Controller specific parameters:

None.

Control law:

T T
u, =K, {_J’k + Y +FO(W1¢ _J’k)+FD(2J’k71 Vi = Vi )} +u,
I 0

This form of control law can be transformed to feedback feedforward form:

Uy =ToW, — Qo — 4 Vi — 9o U

where controller parameters 7, q,, q, and g, are calculated using following equation:

T, T, T
n=K,—* =K,|1+2+-2
PT[ 9 P( T
T, Ty
=—K,|1+2°2 7, =Kp—~
q, P[ %] T,
T, K,T, 3K, T,
= _— T = U T =
K, =0.6Kp, (1 T J "2k, P 40K,

Variables K, and 7, are ultimate gain and ultimate period respectively.

Source code:
sid on-line identification s-function
zn3tak function for computation of controller parameters

scrgp controller s-function

See also:

On-line identification methods
Computation of ultimate gain and period
List of common controllers parameters
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4.29 zn3ast

Astrom's controller for third order processes.

Transfer function of the controlled system:

G(z)=

l+az"'+a,z7 +a,z

bz ' +byz7 +bz"

3

Vector of identification initial parameter estimations:
A A ~ T
|1,y d5, by, by, b |

Controller specific parameters:

Parameter Description

Filtration coefficient a used by filter of process output signal. The time constant of

- fi T,
alfa - filter constant the filteris: T, = ~L where usually 3 < a. < 20

(94

The weight B of reference signal in proportional component of controller. The

beta — weight weight should be 0 < B < 1
Control law:

Up =Uppy tUpy
where:

T
Up =Kp| i =W +ﬁ(wk Vi T Wil _yk—1)+ s (Wk Wi )}4'”191,1(—1
I

T,

Upy = m[KPa (J’k—4 ~ Vi ) + uD,k—l]

where controller parameters K ,, 7, and 7; are calculated using following equation:
K,=0.6K,, T, =0.5T, T, =0.125T,
Variables K, and 7, are ultimate gain and ultimate period respectively.

Source code:
sid on-line identification s-function
zn3ast function for computation of controller parameters

scast controller s-function

See also:

On-line identification methods
Computation of ultimate gain and period
List of common controllers parameters
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4.30 zn3fod

Ziegler-Nichols controller for third order processes. The controller is based on forward rectangular method of
discretization replacing derivation by a four-point difference.

Transfer function of the controlled system:

bz '+b,z” +bz"

G(z)=

B -1 -2 -3
l+az" +a,z" +a,z
Vector of identification initial parameter estimations:
R N
[al, a,,as, b, b,, b3]

Controller specific parameters:

None.
Control law:
T T
u, =K, {ek —e, +F°ek +-L (ek +2e, ,—6e,_,+2e ,+ ek74) +u,
1 0

where ey is control error (¢, = w, — ¥, ). This form of control law can be transformed to feedback form:

U =408 Y416 T 9285 T 436 314,464 TU,

Controller parameters are then calculated using following equations:

T, T, T Ty
=K |1+24+ D =K | -1+22 q =K £
9o P( T, 67:)] q, p( 3%j 2 P T,
T, T,
=K L =K D
q; P3To q, P—6E)
K, =0.6K,, T, =0.5T, T, =0.125T,

Variables K, and 7, are ultimate gain and ultimate period respectively.

Source code:
sid on-line identification s-function
zn3fpd function for computation of controller parameters

scfpd controller s-function

See also:

On-line identification methods
Computation of ultimate gain and period
List of common controllers parameters
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4.31 db3w

Deadbeat controller for processes of third order (weak version).

Transfer function of the controlled system:

G(z)=

l+az"'+a,z7 +a,z

bz ' +byz7 +bz"

3

Vector of identification initial parameter estimations:
A A ~ T

|1,y d5, by, by, b |

Controller specific parameters:

None.

Control law:

U =W, =40V = Vio1 =92 Yi—2 — Pilly = Pa)ia

where controller parameters 7, q,, q,, q9,, p, and p, are calculated using following equation:

L1 q_&l q_a2 q_a 3 2
0T (U 1=~ 7 27T D == D, ==
| b b, b b, b,
Source code:
sid on-line identification s-function
db3w function for computation of controller parameters
scrqp controller s-function

See also:
On-line identification methods
List of common controllers parameters
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4.32 db3s

Deadbeat controller for processes of third order and step changes of reference variable (strong version).

Transfer function of the controlled system:

G(z)=

l+az"'+a,z7 +a,z

bz ' +byz7 +bz"

3

Vector of identification initial parameter estimations:
(4. d,.0,.5.5,.5, |
Controller specific parameters:
None.
Control law:
U =ToWe =90V =41 Vi1 =922 = Pty — PrVi

where controller parameters 7, ¢,, q,, ¢,, p, and p, are calculated by solving following diophantine
equation:

where polynomials are as follows:

A(Zfl ) =l+&lzf1 —Hizz’2 +&3zf3 B(z" ) _ Z;lzfl +bAzz’2 N A3273
P(Z_l):l+plz‘1+p22‘2 Q(Z_I)ZQO +‘I1Z_1+42Z_2
R(Zil ) ~ S(fl ) =5, +82  +85,27

Source code:

sid on-line identification s-function

db3s function for computation of controller parameters
scrqp controller s-function

See also:

On-line identification methods

List of common controllers parameters
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4.33 pp3chp

Generic pole placement controller for processes of third order

Transfer function of the controlled system:

G(z)=

l+az"'+a,z7 +a,z

bz ' +byz7 +bz"

3

Vector of identification initial parameter estimations:
A A ~ T
|1,y d5, by, by, b |

Controller specific parameters:

Parameter Description
It's possible to choose one of the following signal types:
Reference signal e steps
type e ramps
e sin waves
Frequency Frequency f of reference signal - valid only when reference signal is 'sin waves'

Vector determining characteristic polynomial D(z") and thus the positions of the

Coefficients of poles of the closed loop. If vector is [d0, d1, d2, d3, d4. d5], then characteristic

Cgf‘rr?g:]‘f{:’“c polynomial will be D(Z') = d0 + d1-Z' + d2:z2 + d32° + d4z* + d52°. The
poly length of the vector can vary but at lest d0 must be specified.
Control law:

1
U, = p_(VOWk FIiWea =90V — DYt — 42 Yi2 T Pithi _pzyk_z)
0

where controller parameters ry, 11, Qo, G1, G2, Po, P1 @and p, are calculated by solving following diophantine
equation:

where polynomials are as follows:

A(Z_l ) =l+4z" +a4,z " +a,z" B(z‘l) = [;12‘1 + [;22‘2 + A3Z‘3
P(Zfl)zpo +pz '+ pz? Q(zfl)zqo +qz ' +q,27°
R (z‘1 ) =1+ r]z_1 S(z_l) is any appropriate polynomial

F(z'1) depends on reference signal type:

Reference signal type F(z'1 )

steps 1-z"

ramps 1-2z'+272

sin waves 1-2-cosw-z"' +z7 where o =27 f -T,
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Source code:
sid on-line identification s-function
pp3chp function for computation of controller parameters

scast controller s-function

See also:
On-line identification methods
List of common controllers parameters
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4.34 pp3c2dof

Pole placement 2 degree-of-freedom (2DOF) controller with compensator for third order processes.

Transfer function of the controlled system:

bz ' +byz7 +bz”

G(Z)_ 3

l+az ' vaz7 +az

Vector of parameter estimations:

A A~ ~°T
[al, az,a3,b1,b2,b3}

Controller specific parameters:

Parameter

Description

xi — damping factor

Dumping factor & specifying dynamic behaviour of closed loop. The dynamic
behaviour of the closed-loop is similar to second order continuous system with

characteristic polynomial sP42- E-w-s+ .

Natural frequency ® specifying dynamic behaviour of closed loop. The

omega - natural frequency | dynamic behaviour of the closed-loop is similar to second order continuous

system with characteristic polynomial sP42- E-w-s+ o

2DOF control loop:

Feedback controller:

v | R
™ Pk
9 u B y
" Pk 4 >
-1 -1 -2 -3
Gy (2) = 0(z')  _ gtaz'+qz gz

P(Z_I)K(z_l) (l+plz_1 +pzz_2)(l—z_l)

Feedforward controller for a step reference signal:

- R(Zil) _ To
= K () (trpe s )1 2)

Characteristic polynomial of closed loop:

A(zfl)P(zfl)K(zfl)+B(271)Q(271): D(Zfl)

where polynomials are as follows:

A A A

A(Z_l ) =1+ &12_1 + &22_2 + &32_3 B(z_l) = blz_1 +b22_2 + 1932_3

P(z_1 ) =1+ plz_1 + pzz_2 Q(z_1 ) =q,+ qlz_1 + q22_2 + q3z‘3
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K(z_l):l—z_1

D(z_l):1+d]z_1 +..+dz d, =—2€Xp(—§wTo)cos(aﬂg 1—/;"2)

d, =-2exp(—¢wTy) cosh(aﬂ})\/éz —1)

d, =exp(-2¢ wT,)
dy=d,=d;=d;=0

Matrix equation:

for £ <1

for & >1

3" order n" order
5 0 0 0 1 0 0 0 r
ra 7 boho0 0 a1 1 0 0 ZQ d+l-a
00 0 1 0 _qo_ M d +1-4, ) P T 6-8,  &-1 1 0 o ZIIZ:;
) bl 0 0 a-1 1 q, d, +&1 —ﬁz ,;”‘4 b 15,,',; ,i‘ ' ' q,,.,2 d”,,m:, e
by b, b 0 a-a a-l|gq dy+a, - a; b ey b IL‘ Graaa
A . =| 7 R 0 b b, b, /}" d,.,+a,
0 b b, b a,-a, a,—-a | d,+a, 0 0 b - b /,; dyy
L7 A A d 0 0 0 b ” s
0 0 b3 2 —a a;—a, P 3 : : : : :
r A~ |LP2] L dg ] 0 0 0 - b b, b, Prs fj”’z
L 0 0 0 3 0 43 0 0 o0 [ Pia .
0 0 o0 0 L
Control law:
3" order n" order
-1 SN . .
P(z)K(z Ju, =R(z)w, —0(z )y,
W =TW, =40 Ve =4 YVias — D Vin T

U =TW, = QoY =4Vt — DV —93Ves +
+(1_p1)“k—1 +(p1 _pz)“k—z + Dol

+(1 — D )”kq +(p1 —pZ)uH +..+
+(p"—2 _pn—l)uk—n+1 +pn—1uk_n

p 1+d +d,+dy+d, +ds +d, , _1+d +d, +..+d,,
0o 0
b +b, +b, b+b,+..+b,
Source code:
sid on-line identification s-function

pp3c2dof function for computation of controller parameters

scfbfw controller s-function

See also:
On-line identification methods
List of common controllers parameters
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