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1. Introduction

This report contains the source code listing of the .m files which are the Dom-
inant Pole Design Toolbox. The files can be run on Matlab Version 4.0 on a
Sparcstation ELC. The version listed here are the version of December 1992.



2. Source Code Listing

amarg

function [am, wx] = emarg(cstr, pstr, vs, tol)
%AMARG Computes the amplitude margin of a system.

fam, wx] = AMARG(cstr, pstr, ws, tol)

Input arguments:

cstr - the controller expressed as a string

pstr - the process expressed as a string

ws - the frequency interval vhere the amplitude margin is found
tol -~ the tolerance of the solution (default: deftol)

Output arguments:

am - the amplitude margin

ex - the frequency for the amplitude mazrgin

I LT T P L L R T 2L

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
#Lund Institute of Technology, Lund, Sweden

3
%LastEditDate : Fri Bov 13 15:68:10 1992

if nargin==2,
ws = logspace(-2, 2, 200)’; tol = deftol;
elseif nargin==3,
tol = deftol;
end;
wx = psolveol(cstr, pstr, -pi, ws, tol);
am = 1/abs(evals(cstr, i*vx)*evals(pstr, i*wx));

asolvecl

function wvx = msolvecl(cstr, pstr, y, ws, tol)

%ASOLVECL Find the solution of |gc(i»w)#gp(isw)/(1+gc(irw)2gp(i*w))| =y

tol - the tolerance of the solution (default: deftol)
Output arguments:

%

% vx = ASOLVECL(cstr, pstr, y, vs, tol)

% Input arguments:

% cstr - the controller expressed as a string

% pstr - the process expressed as a string

% y - the value of the amplitude

% ¥s - the frequency interval where the amplitunde margin is found
%

4

A

¥x = the solution frequency

%Copyright (¢) 1992 by Per Persson, Department of Automatic Control,
#Lund Institute of Technology, Lund, Sweden

%
%LastEditDate : Fri Nov 13 15:58:10 1992

if nargin==4, tol = deftol; end;
tmp = [’abs(closeit(evals(’’’ cstr *??, isx).vevals(’’’ pstr *??, i#*x)))?’];

wx = solve(tmp, y, ws, 1, tol);

asolveol

function wx = asolveol(cstr, pstr, y, ws, tol)
%ASOLVEOL Find the solution of |gc(i*w)*gp(i*w)| = y

vx = ASOLVEOL(cstr, pstr, y, ws, tol)

Input arguments:

cstr - the controller expressed as a string

pstr - the process expressed as a string

ws - the frequency interval whers the amplitude margin is found
tol =~ the tolerance of the solution (default: deftol)

e



% Output arguments:
3 vx - the solution frequency

¥Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sweden

%
%LastEditDate : Fri Nov 13 16:58:09 1992

if nargin==4, tol = deftol; end;
tmp = [?abs(evals(’’? cstr !??, i*x).*evala(’’’ pstr ??’, i¥#x))’];
wx = solve(tmp, y, ws, 1, tol);

betades

function b = betades(pstr, con, mp, tol)

%BETADES Design of the set point veighting factor, beta. beta is chosen
such that Mp assumes a specified value.

b = BETADES(pstr, con, mp, tol)

pstr - the process expressed as a string

con - the controller, in the standard form

mp - desired Mp value (default: 1.001)

tol - the tolerance of the solution (defanlt: deftol();)
Output arguments:

b - beta, the set point weighting factor

FEFEFEI LR XL 2

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sweden

%

¥LastEditDate : Thu Nov 12 16:34:34 1982

if nargin==3,
tol = deftol;
elseif nargin==2,

mp = 1.001;
tol = deftol;
end;

mpl = mpbeta(pstr, getk(con), getti(con), gettd(con), 0);

if mpl > mp + eps,
b = 0;

else
st = [’mpbeta(’ gstring(pstr) ’, ’ numtostr(getk(coen)) ?, ? ,.

numtostr(getti(con)) ’, ’ numtostr(gettd(com)) *, x)’];

b = solve(st, mp, linspace(0, 5, 20), 1, tol);

end;

closeit

function res = closeit (f)

%CLDSEIT Given a frequency response f, CLOSEIT(f) computes the frequency
% response of the closed system. f may be the frequency response
% generated from FRC, or a one column matrix of complex numbers.

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
ALund Institute of Technology, Lund, Sweden

)

%LastEditDate : Sat Sep 26 11:12:52 1992

tmp = []1;
if cols(£)>1, tmp = £(:, 1); £(:, 1) = [1; end;

res = £./(1 + £);
if "isempty(tmp), res = [tmp res]; end;

cols

function res = cols(matrix)

%COLS Returns the number of columns of a matrix.



%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sweden
%

%LastEditDate : Tue Sep 29 08:04:51 1992

[x, res] = size(matrix);

con2str

function str = con2str(k, ¢i, td, n)

%CON2STR Converts the controller date structure into a text string.

Output arguments:
str - the controller expressed as m string

#Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sweden

3

#%LastEditDate : Fri Dec 18 10:48:16 1992

for ix = 1:rows(k),
if nergin==1,
if cols(k)>1,
% k = k(rows(k), :);
tdp = gettd(k(ix, :)); tip = getti(k(ix, :)); kip = getki(k(ix,
kdp = getkd(k(ix, :));
kp = getk(k(ix, :)); np = Inf;
else
kp = k(ix); tip = Inf; tdp = O; np = Inf;
end;
elseif nargin==2,
if cols(k)>1,

%

% str = CON2STR(k)

Y str = CON2STR(k, ti)

% str = CON2STR(k, ti, td)

' str = COB2STR(k, ti, td, n)

% str = CON2STR(con)

% str = CON2STR(con, n)

1 Input arguments:

% k, ti, td -~ the PID parameters
b4 n - the filter factor
% con - the controller data structure from the design routines
%

%

1))

% k = k(rows(k), :);

np = ti;
tdp = gettd(k(ix, :)); tip = getti(k(ix, :)); kip = getki(k(ix, :));
kdp = getkd(k(ix, :));
kp = getk(k(ix, :));

else
kp = k(ix); tip = ti(ix); tdp = 0; np = Inf;

end;

elseif nargin==3,

kp = k(ix); ¢ip = ti(ix); tdp = td(ix);
np = Inf;

elseif nargin==4,
kp = k(ix); tip = ti(ix); tdp = td(ix);

np = n{max(ix, rows(n)));
end;

kpart = sprintf(?(%.10£)*»(1 ', kp);

tipart = ??; if tip“=Inf, tipart = sprintf£(’+ (s«(%.10£)).~(-1)?, tip); end;

tdpart = ?7;
if tdp~=0, tdpart = sprintf(’ + (%.10f)*s’, tdp); end;
if ~isinf(np),
tdpart = [tdpart sprintf(?./(1 + s*(%.10£)/(%.10£))?, tdp, np)l;
end;
if kp==0 & tip==0, Y This is an I controller!
kpart = ?7;
tipart = sprintf£(?(%.10£)*s.~(-1)*, kip);
tdpart = ?’;
end;



if ix==
str = [kpart, tipart, tdpart *)’];
olse
str = str2mat(str, [kpart, tipart, tdpart ’)?1);
ond;
end;

convert

function str = convert(pstr)

%COEVERT Convert a string describing a process to a string that accept

% vector aruments when evaluated.
%
% str = CONVERT(pstr)

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
¥Lund Institute of Technology, Lund, Sweden

%
%LastEditDate : Fri Nov 6 11:12:02 1992

tmp = pstr;
P2 = tmp(1); tmp (1) = [1;

wvhile tmp,
Pl = p2;
P2 = tmp(1);
tmp(1) = [1;
if pi==’,? &(p2==%?|p2==1")|p2==2/)|p2==2\?|p2==22))
str = [str p1 p2];
P2 = tmp(1); tmp(1) = [I1;
elseif (P1==J.J|p1==’-)|P1==a/:|p1==x\:|P1==a)s)).
str = [str ’.’ pi1];
else
str = [str p1l;
end;
ond;
str = [str p2];

defprint

function dp = defprint()

XDEFPRINT Gets the defeult printing status to the optimizera and

% the equation solvers. Nice to watch while they are working.
% The default printing status is set to 1, but can be overridden
% by the globel variable GPRINT (if it exists).

%Copyright (c) 1992 by Per Persson, Department of Automatic Comtrol,
#%Lund Institute of Technology, Lund, Sweden

%
%LastEditDate : Wed Oct 21 17:12:00 1992

global GPRINT

if exist (’GPRINT’),
dp = GPRINT;

else
dp = 1;

end;

deftol

function dt = deftol()

#DEFTOL Gets the default tolerance for all routines in the DPD toolbox.
% The default tolerance is set to 1e-4, but can be overridden by
% the global variable GTOL (if it exists).

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sveden
%



%LastEditDate : Wed Oct 21 17:10:27 1992

global GTOL

if exist(’GTOL?),
dt = GTOL;

olse
dt = 1e-4;

end;

dpamhlp4

function res = dpamhlp4(pstr, contype, w, zs, pl, tol)
%DPAMHLP4 A help routine used in DPTABLE4.

XCopyright (c) 1992 by Per Persson, Department of Auntomatic Control,
%Lund Institute of Technology, Lund, Sweden

3
%LastEditDate : Tue Nov 17 16:50:18 1992

zs = x5(:);

res = [1;

ws = logspace(logl0(w)-1, log10(w)+1, 100);

for ix=zs’,
[a, x] = amarg(con2str(dptablei(pstr, contype, w, ix, p1)), pstr, ws, tol);
res = [res; al;

end;

dp1

function con = dpi(pstr, w0)

%DPI Computes the dominant pole design for an I comtroller
with poles in -w0. w0 can be a vector

con = DPI(pstr, w0)

Input arguments:

pstr - the process expressed as a string
w0 - the locations of the poles

Output arguments:

con - the controller data structure

eSS N

%Copyright (c) 1992 by Per Persson, Department of Automatic Comtrol,
%Lund Institute of Technology, Lund, Sweden

%
%LastEditDate : Sat Nov 7 10:30:41 1992

ki = w0./evals(pstr, -w0);
os = ones(size(w0));
con = [wO HalN+os Nal+os O*os ki O%os Oxos O%os 2%0s];

dpmshlp2

function res = dpmshlp2(pstr, contype, w, zs, pl, tol)
%DPMSHLP2 A help routine used in DPTABLE2.

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
#ALund Institute of Technology, Lund, Sweden

%
%LastEditDate : Fri Dec 4 11:13:22 1992

28 = x5(:);

res = [1;

ws = logspace(logl0(w)-1, loglO(w)+1, 2000);

for ix=zs'’,
[m, x] = mscl(con2str(dptablei(pstr, contype, ¥, ix, p1)), pstr, ws, tol);
res = [res; m];

end;

dpp

function con = dpp(pstr, w0)



%DPP Dominant pole design of a P controller with poles in -wO.

con = DPP(pstr, w0)

Input arguments:

pstr - the process expressed as a string
w0 - the locations of the poles

Output arguments:

con = the controller data structure

FEFE L IR 3R R0

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sveden

%
%LastEditDate : Sat Nov 7 10:30:41 1992

k = -evals(pstr, -v0).~(-1);
os = ones(size(w0));
con = [w0 NaN*os HaB+os k O+os Inf#os O%os O%os 1%0s];

dppd

function con = dppd(pstr, w0, z0)

%DPPD Dominant pole design of a PD controller with poles in
% w0(-20 +- i*sqrt(1 - z0+20)). w0 can be a vector.

%

% con = DPPD(pstr, w0, z0)

% Input arguments:

% pstr - the process expressed as & string

% v0 - the distance from the origin to the poles

% z0 - the relative damping of the poles

% Output arguments:

% con - the controller data structure

%Copyright (c) 1992 by Per Persson, Department of Automatic Comtrol,
%Lund Institute of Technology, Lund, Sveden

3
YLastEditDate : Fri Nov 27 09:08:58 1992

if 20 < 1,
8qz = sqrt(1 - z0+z0);
pl = wOw(-z0 + i*sqz);
tmp = evals(pstr, pl);

a = real(tmp);
b = imag(tmp);
n = (a."2+b."2)*¥sqz;

k = (-sqz*a+b+z0)./n;
kd = b./v0./n;
elseif z0 > 1,
pl = w0*(-z0 + sqrt(z0%z0 - 1));
P2 = wOk(-z0 - sqrt(z0%z0 - 1));
a = -1./evals(pstr, pl);
b = -1./evals(pstr, p2);
kd = (b - a)./(p1 - p2);
k =a - kd.*pl;
end;
os = ones(size(w0));
con = [v0 zO%os Nal*os k O*os Infxos kd kd./k B*os];

dppi

function con = dppi(pstr, w0, z0)

#DPPI Dominant pole design of a PI controller with poles in
w0(-20 +- i*sqrt(1 - z0+20)). w0 can be a vector.

con = DPPI(pstr, w0, 20)

Input arguments:

pstr - the process expressed as a string

w0 - the distance from the origin to the poles
z0 - the relative demping of the poles

Qutput arguments:

con = the controller data structure

FEFR IRy



%#Copyright (c¢) 1992 by Per Persson, Department of Automatic Comtrol,
%Lund Institute of Technology, Lund, Sweden

%

%LastEditDate : Fri Nov 27 09:03:45 1992

if 20 < 1,
zp = sqrt(1 - z0+z0);
Pl = w0*(-z0 + i%zp);
tmp = evals(pstr, pl);
a = real(tmp);
b = imag(tmp);
n = zp*(a."2+b."2);
k = -(b*z0+a*zp)./n;
ki = -b.#*v0./n;
elseif z0 > 1,
Pl = wO%(-z0 + sqrt(z0+z0 - 1));
P2 = wO*(-20 - sqrt(z0%z0 - 1));
a = -p1./evals(pstr, pl);
b = -p2./evals(pstr, p2);
k= (a -0b)./(p1 - p2);
ki = a - k.*pi;
end;
os = ones(size(w0));
con = [vO zO*os HalN*os k ki k./ki O*os O#os 4%os];

dppid

function con = dppid{pstr, w0, z0, alphaO)

%DPPID Dominant pole design of a PID controller with poles in

alpha0 - wO+alphaO = the distance from the origin to the third pole
OQutput arguments:
con - the controller data structure

% w0(-z0 +~ i»sqrt(1 - z0+*z0)) and -vO+alphaO. wO can be a vector.
%

% con = DPPID(pstr, w0, z0, alphaO)

% Input arguments:

% pstr - the process expressed as a string

% w0 - the distance from the origin to the poles

% z0 - the relative damping of the poles

%

%

4

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sweden

%
%LastEditDate : Fri Nov 27 17:32:04 1992

if 20 < 1,
8qz = sqrt (1 - z0°2);
pl = wO*(-z0 + iksqz);
p2 = wOx(-20 - i*sqz);
p3 = -vO*alphaO;
tmp = evals(pstr, pl);
a = real(tmp);
b = imag(tmp);
¢ = evals(pstr, p3);

a2b2 = a."2 + b."2;
RC = m.%C;

d = sqz*c.*a2b2+(1 - 2+alpha0+z0 + alpha0~2);

k = -(sqz*(-2+*alphaO+z0*a2b2 + (1 + alpha0~2)+ac) + ...
z0%b.*c*(alpha0~2 - 1))./d;
ki = -(alpha0O*w0,.*((alphaO - z0)*b.*c + sqz*(ac - a2b2)))./d;

kd = -((alphaO+z0 - 1)*b.*c + alphaO*sqz*(ac - a2b2))./w0./d;
elseif 20 > 1,
pl = w0*(-20 + sqrt(z0%z0 - 1));

P2 = w0*(-z0 - sqrt(z0+z0 - 1));
p3 = -alphaO*v0;

a = -pl./evals(pstzr, pl);

b = -p2./evals(pstr, p2);

¢ = -p3./evels(pstr, p3);



tmp = (p1.%p2 - pl.%p3 + p3."2 - p2.*p3).+(pl - p2);
Xd = (p2.%a - c.*p2 + pl.*c + p3.%b - pl.*b - u.*p3)./tmp;
k=-(a.¥p2."2 - c.#p2."2 + c.#p1."2 = b.#p1."2 + b.#p3.72 - a.*p3.°2)./tmp;
ki = (a.#*p3.%p2.72 - pl.*c.%p2.72 + c.#p2.+p1."2 - a.*p2.¥p3.72 - ...
p3.#b.#pl.”2 + b.*pl.*p3.72)./tmp;
end;
o8 = ones(size(w0));
con = [w0 zO%os alphaO+os k ki k./ki kd kd./k B*os];

dppid2

function con = dppid2(pstr, w0, z0, kdO)

%DPPID2 Dominant pole design of a PID controller with poles in
w0(-20 +- i*sqrt(1 - z0%z0)) and a given kd.

con = DPPID2(pstr, w0, 20, kdO)

Input arguments:

pstr - the process expressed as m string

w0 - the distance from the origin to the poles
z0 -~ the relative damping of the poles

kd0 - a specified kd of the controller

OQutput arguments:

con =~ the controller data structure

Ea O

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sweden

%

%LastEditDate : Fri Nov 27 10:00:10 1992

if 20 < 1,
2q0 = sqrt(1 - z0°2);
pl = wOx(-z0 + i*zq0);
tmp = evals(pstr, pl);
a = real(tmp);
b = imag(tmp);
n = zq0+(m, 2+b.72);
k = 2+kd0*w0#z0 -(b*z0+a*zq0)./n;
ki = kd0+*v0."2 - b.*v0./n;
elseif z0 > 1,
Pl = wO*(-2z0 + sqrt(z0%z0 - 1));
P2 = w0*(-z0 - sqrt(z0+z0 - 1));

a = -pl./evals(pstr, p1) - pl."2+%kd;
b = -p2./evals(pstr, p2) ~ p2."2*kd;
k= (a-b)./(pl - p2);
ki = a -~ k.*p1l;

end;

o8 = ones(size(w0));

kd = kdO#*os;
con = [w0 zO%os NaN+¥os k ki k./ki kd kd./k B#0s);

dppmhlp3

function res = dppmhlp3(pstr, contype, w, zs, pl, tol)
%DPPMHLP3 4 help routine used in DPTABLE3.

%Copyright (c) 1992 by Per Persson, Department of Antomatic Control,
%Lund Institute of Technology, Lund, Sweden

%

%LastEditDate : Tue Nov 17 16:49:59 1992

zs = z5(:);

res = [1;

vs = logspace(logliO(w)-1, logio(w)+1i, 100);

for ix=zs’,
[p, x] = pmarg(con2str(dptablei(pstr, contype, w, ix, p1)), pstr, vs, tol);
res = [res; pl;

end;



dptablel

function con = dpteblel(pstr, contype, w0s, z0, p1)

%DPTABLE1 Computes the controller parameters from specified poles or

1

%

%

%

%4

% pstr
% contype
b w0s
b z0

% 2
%

%

%

con

other parameters. This is an interface routine to all the
fundamental routines.

con = DPTABLE1(pstr, contype, wOs, 30, p1)
Input arguments:

the process transfer function as a string

lpl' Ji)’ ’pii' )pdi' ind’. ,Pidi,' lpid2’

the distance of the poles from the origin

the relative damping of the poles

alphaO or kdO depending on which type of PID controller
is specified.

Output arguments:
- the controller data structure

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sweden

%

Y%LastEditDate : Sat Hov 7 10:37:21 1992

w0s = w0s(:);

if strcmp(contype, 'p?), P 1
con = dpp(pstr, wls);

elseif strcmp(contype, ’i’), % PI 2
con = dpi(pstr, wis);

elseif strcmp(contype, ’'pd?), XPD 3
con = dppd(pstr, wOs, z0);

elseif strcmp(contype, ’pi’), %*PI 4
con = dppi(pstr, w0s, 2z0);

elseif strcmp(contype, ’pid’) | stromp(contype, ’pidi?’), % PID 6

alpha = pi;

con = dppid(pstr, wOs, z0, alpha);
elseif strcmp(contype, ’pid2?), % PID 6

kdO = p1;

con
else

con = [];
end;

dptable2

dppid2(pstr, w0s, z0, kdO);

function con = dptable2(pstr, contype, w0s, ms, p1, tol)

%DPTABLE2 Computes the controller parameters from specified poles or

%

%

%

%

%

3 pstr
% contype
% w0s
% ms
%

4 pi

%

%

%

con

other parameters. This routine makes use of DPTABLE1 and
solve an equation of Ms with respect to x0.

con = DPTABLE2(pstr, contype, wOs, ms, pl, tol)
Input arguments:

the process transfer function as a string

'p?, i’ dpi?, 'pd’, ‘’pid’, ’pid1’, ’pid2’
the distance of the poles to the origim

the maximum of the sensitivity function of the
control system

alphaO or kdO depending on which type of PID
controller is specified.

Output arguments:

the controller data structure

%Copyright (c) 1992 by Per Persson, Department of Autommtic Contrel,
#Lund Institute of Technology, Lund, Sweden

%

%LastEditDate : Fri Dec 18 10:48:16 1992

if nargin==5,
tol = deftol;



elseif nargin==4,
tol = deftol;

pl = -100;
ond;
w0s = w0s(:);
con = []1;

for ix=w0s’,
st = ['dpmshlp2(’ gstring(pstr) *, ’ qstring(contype) ’, ' numtostr(ix) ...
', x, ! numtostr(pi) ’, ’ numtostr(tol) ’)’];
tmp = solve(st, ms, linspace(0.01, 2, 20), 1, tol);
if “isempty(tmp),
con = [con; dptablel(pstr, contype, ix, tmp, pl)];
end;
ond;

dptable3

function con = dptable3(pstr, contype, wOs, pm, pl, tol)

%DPTABLE3 Computes the controller parameters from specified poles or

controller is specified.
Output arguments:
con - the controller data structure

% other paremeters. This routine makes mse of DPTABLE1 and
% solve an equation of Pm with respect to z0.

%

% con = DPTABLE3(pstr, contype, w0Os, pm, pi, tol)

% Input arguments:

% pstr - the process transfer function as a string

4 contype - ’p?, ’i’, ’pi’, ’pd’, ‘pid?, ’pidi’, ‘’pid2’
* w0s - the distance of the poles to the origin

% pm -~ the phase margin

% pl - alphaO or kdO depending on which type of PID
%

%

2

%Copyright (c) 1992 by Per Persson, Department of Automatic Comtrol,
#Lund Institute of Technology, Lund, Sweden

%
%LastEditDate : Fri Dec 18 10:48:16 1992

if nargin==6,
tol = deftol;

elseif nargin==4,
tol = deftol;

pl = -100;
end;
w0s = w0s(:);
con = [];

for ix=wOs’,
st = [’dppmhlp3(’ gstring(pstr) ?, ’ gqstring(contype) ’, ’ numtostr(ix) ...
7, x, ? numtostr(pl) ’, ? numtostr(tol) ?)°’];
tmp = solve(st, pm, linspace(0.01, 0.99, 20), 1, tol);
if “isempty(tmp),
con = [con; dptablel(pstr, contype, ix, tmp, p1)]l;
end;
end;

dptable4

function con = dptable4(pstr, contype, wOs, am, pi, tol)

ADPTABLE4 Computes the controller parameters from specified poles or

% other parameters. This routine makes use of DPTABLE1 and
% solve an equation of Am with respect to zO.

%

% con = DPTABLE4(pstr, contype, wOs, am, pi, tol)

% Input arguments:

% pstr ~ the process transfer function as a string

% contype - ’p*, ’i’, ’pi?’, ’pd?’, ‘’pid’, ’pid1?, 'pid2’
% vO0s ~ the distance of the poles to the origin

% am - the phase margin

% pl -~ alphal® or kdO depending on which type of PID
%

controller is specified.



% Output arguments:
% con - the controller data structure

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%¥Lund Institute of Technology, Lund, Sweden

3
%LastEditDate : Fri Dec 18 10:48:16 1992

if nargin==5,
tol = deftol;
elseif nargin==4,
tol = deftol;
pl = -100;
end;
wOs = w0s(:);
con = [];
for ix=w0s’,
st = ['dpamhlp4(’ gstring(pstr) ?, ’ gstring(contype) ?, ’ numtostr(ix) ...
’, x, ! numtostr(pl) ?, ? numtostxr(tol) ’)?’];
tmp = solve(st, am, linspace(0.01, 0.99, 20), 1, tol);
if “isempty(tmp),
con = [con; dptablel(pstr, contype, ix, tmp, p1)];
end;
end;

evals

function r = evals(str, s)

¥EVALS EVALS(str, s) evaluates the string str where the variable "s"
% in the string is bound to the argument s.

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sweden
3

%LastEditDate : Tue Nov 10 13:17:07 1992

T = eval(str);

evalx

function r = evalx(str, x)

¥EVALY EVALX(str, x) evaluates the string str where the variable "x"
% in the string is bound to the argument x.

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sweden
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%LastEditDate : Fri Nov 6 14:30:44 1992

T = eval(str);

getal

function 20 = getaO(con)

%GETAO Access function to get alphaO (variable or vector) from the controller
% data structure.

3
% a0 = GETAO(con)

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
#Lund Institute of Technology, Lund, Sweden

3
%LastEditDate : Fri Oct 9 16:44:36 1992

a0 = con(:,3);

getk

function k = getk(con)



%GETK Access function to get k (variable or vector) from the controller
% data structure.

*
% k = GETK(con)

%Copyright (¢) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sweden

%
%LastEditDate : Fri Oct 9 16:44:35 1992

k = con(:, 4);

getkd

function kd = getkd(con)

%GETKD Access function to get kd (variable or vector) from the controller
% data structure.

L)
% kd = GETKD(con)

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sweden

%
%LastEditDate : Fri Oct 9 16:44:35 1992

kd = con(:, 7);

——  getki

fanction ki = getki(con)

%GETKI Access function to get ki (variable or vector) from the controller
% data structure.

%
% ki = GETKI(con)

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
¥Lund Institute of Technology, Lund, Sweden

3
%LastEditDate : Fri Oct 9 16:44:35 1992

ki = con(:, B);

gettd

function td = gettd(con)

%GETTD Access function to get td (variable or vector) from the controller
% date structure.

%
% td = GETTD(con)

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sweden

%
%LastEditDate : Fri Oct 9 16:44:35 1992

td = con(:, 8);

getti

function ti = getti(con)

%GETTI Access function to get ti (variable or vector) from the controller
% date structure.

%
% ti = GETTI(con)

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%ALund Institute of Technology, Lund, Sweden

%
%LastEditDate : Fri ODct 9 16:44:35 1992

ti = con(:, 6);

13



getw0

function v0 = getwO(con)

%GETWO Access function to get w0 (variable or vector) from the controller
% data structure.

%
% w0 = GETWO(con)

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sweden

%
ALastEditDate : Fri Oct 9 16:44:34 1992

w0 = con(:, 1);

getz0

function z0 = getzO(con)

%GETZO Access function to get z0 (variable or vector) from the controller
% data structure.

%
% z0 = GETZ0(con)

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
#Lund Institute of Technology, Lund, Sweden

%
%LastEditDate : Fri Oct 9 16:49:00 1992

20 = con(:, 2);

ides

function con = pides(pstr, w0s, tol)

%IDES Design of a I controller with dominant poles with wO chosen to

% maximize ki.

%

% con = IDES(pstr, wOs, tol)

% Input arguments:

3 pstr - the process expressed as a string

1 w0s - array of w0 values, the interval must contain wOmax
% tol - the tolerance of the solution (default: deftol)

% Output arguments:

% con - the controller data structure

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sweden

%
%LastEditDate : Fri Nov 20 14:16:49 1992

if nargin==2, tol = deftol; end;
w0s = 90s(:);

tmp = [’getki((dptable1(’ gstring(pstr) ?, *’i??, x)))’];
vx = opt(tmp, wOs, tol);
if ~isempty(wx),
con = dptablel(pstr, ’i?, wx);
else
error(’Ho controller found with ides.?);
end;

kdguess

function kd = kdguess(pstr, w0s, z0)

%KDGUESS Makes an estimetion of maximal allowable kd in a pid controller.
See. P. Persson: Towvards Autonomous PID contzrol, page 104.
The guess may fail.

kd = KDGUESS(pstr, wOs, z0)
Irput arguments:
pstr -~ the process expressed as m string

Ead i
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wOs - an array of w0 values

z0 - the relative damping of the poles
Output arguments:

kd - the meximum kd

R 22 e >

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%#Lund Institute of Technology, Lund, Sweden

3
%LastEditDate : Sat Nov 7 10:46:36 1992

w0s = w0s(:);

r = dptablei(pstr, ’pi’, wOs, z0);

ki = getki(r);

kip = diff(ki)./diff(w0s);

wsp = w0s(1:(length(w0s)-1));

tmpx = -kip./(2+vsp); m = locmax(tmpx);
kd = tmpx(m(1));

locmax

function res = locmax(array)

%LOCHAX Finds the local maximum of a vector.
%

% res = locmax(array)

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sweden

%
%LastEditDate : Fri Oct 2 11:13:51 1992

res = [1;
if (array(1) > array(2)), res = [1]; end;
for ix = [2:1:(length(array) - 1)],

if ((array(ix) > array(ix - 1)) & (array(ix) > array(ix + 1))),

res = [res ix];

end;
eond;
if array(length(array))>array(length(array)-1),res=[res length(arrmy)];end;
if rovs(array)==1, res = res’; end;

makep

function str = makep(sysnr, pl, p2, p3, p4)

¥MAKEP A routine for generating transfer function strings for

* a number of standard systems.

%

% str = MAKEP(sysnr, pl, p2, p3)

% str = MAKEP(arr)

13

% arr - may be an array containing [sysanr p1 ... p4]

k3

% sysnr = 1 => plrexp(-s p2)/(s p3 + 1)

% sysnr = 2 => 1/(s+1)"p1

4 sysnr = 3 => (1 - s p1)/(s + 1)°3

% sysnr = 4 => exp(-s p1)/(s p2 + 1)(s p3 + 1)

% sysnr = b => exp(-s p1) p2°2/(s"2 + 2 s p2 p3 + p2°2)

% sysnr = 6 => exp(-s p1) p2°3 p4/(s + p2 pa)(s + 2 s p2 p3 + p2°2)
4 sysnr = 7 =>1/(s + 1)(s p1 + 1)(s p172 + 1)

% sysnr = 8 => 1/(s + 1)(s p1 + 1)(s p1~2 + 1)(8 p1°3 + 1)
% sysnr = 9 => (1 - s p1/2)/(1 + s p1/2)(1 + s p2)

% sysnr = 10 => exp(-s p1)/(1 + s p2)(1 + = p3)(1 + =5 p4)

% sysnr = 11 => exp(-s p1)/s(s p2 + 1)

% sysnr = 12 => exp(~5 p1)/s(s p2 + 1)(s p3 + 1)

%Copyright (¢) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sweden

3
%LastEditDate : Sat Dec 19 11:35:45 1992

1 = length(sysnr);



ifl>1,
pl = sysnr(2);
if 1 > 2, p2 = sysnr(3); end;
if 1 > 3, p3 = sysnr(4); end;

if 1 > 4, p4 = sysnr(b); end;
sysnr = sysnr(1);
end;

if sysnr ==
str = [ (? numtostr(pl) ?+exp(-’' numtostr(p2) '»s)./(1+s*(? ...
numtostr(p3) *)))’];
olseif sysnr ==
str = sprintf(?((1 + s)."(-%.10g))?, p1);
elseif sysnr ==
str = sprintf(’((1 - %.10g*s)./((1 + 6)."3))’, p1);
elseif sysnr ==
str = [’ (exp(-s*? numtostr(p1) ’)./(1+(’ numtostr(p2) *)*=s)./(1+(* ...
numtostr(p3) ?)*s))’ 1;
elseif sysnr ==
str = [?(exp(-s*’ numtostr(pl) ’)*’ numtostr(pl) *~2./(s."2 + 2¥ss? ...
numtostr (p2) '*’ numtostr(p3) ’+’ numtostr(p3) ’~2))? 1;
elseif sysnr ==
if p1==0, st1 = []; else stl = [’exp(-s*’ numtostr(pl) ’)*?]; end;
str = [7(’ st1 numtostr(pd+p273) *./7...
’(s + * numtostr(p2+pd) ?*)./(s.72 + ’ ...
numtostr(2+p2+p3) ’#s + ’ numtostr(p2-2) ?))*' 1;
elseif sysnr ==
str = sprintf(’ (((s+1).+(s#%.10g+1) . #(s+%.10g"2+1)).~(-1))?, p1, p1);
elseif sysnr ==
str = sprintf(’ (((s+1).#(s+%.10g+1).+(s4%.10g 2+1) .« (s+¥.10g"3+1)).~(-1))?, ...
pl, p1, p1);
elseif sysnr == 9
str = [?((1-? numtostr(pl) ’#s/2)./(1+’ numtostr(pi) ...
145/2)./(1+* numtostr(p2) ’+s))’];
elseif sysnr == 10
str = [’(exp(-’ numtostr(pi) ’#s)./(1 + * numtostr(p2) ...
'#5)./(1 + ! numtostr(p3) #e)./(1 + ’ numtostr(pd) ’+s))’];
elseif sysnr == 11
str = [?(exp(-’ numtostr(pl) ’+s)./s./(1 + ’ numtostr(p2) '+s))’];
elseif sysnr == 12
str = [’(exp(-’ numtostr(pl) ’#s)./s./(1 + ’ numtostr(p2) ...
‘#5),./(1 + ! numtostr(p3) ’*s))’];
end;

mpbeta

function mpr = mpbeta(pstr, k, ti, td, betas, tol)

¥MPBETA Compute the M_p value given process, controller, and beta.

% A help routine for BETADESIGH.
%
% mpr = MPBETA(pstr, k, ti, td, betas, tol)

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sweden

3

%LastEditDate : Mon Oct 12 15:00:03 1992

if nargin==5, tol = deftol; end;

betas=betas(:)’;

mpr = []1;

for ix = betas,
tmpl = sprintf(’ (%.10£)*((%.10£) +(s*(¥%.10£)).~(-1))?, k, ix ,¢i);
gel2 = [ tmpl ?.*? pstr './(1 + ? con2str(k, ti, td) ?.*»? pstr ?)’];

82 = [’abs(evals(? 2277 gcl2 2?21 2, ixx))?];
[er, mp] = opt(s2, logspace(~-2, 2, 100), tol);
if isempty(wr), wvr = 0; mp = 1; end;

mpr = [mpr; mpl;
end;
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mscl

function [ms, ws] = mscl(cstr, pstr, wx, tol)

%XMSCL Computation of the maximum of the sensitivity function, and the
frequency at which it occurs.

ms = max }1/(1 + ge(iw)gp(iv))|
v

[ms, ws] = MSCL(cstr, pstr, ws, tol)

Input arguments:

cstr - the controller expressed as a string

pstr - the process expressed as a string

wx - the frequency interval vhere the maximum sensitivity is found
tol - the tolerance of the solution (default: deftol)

Output arguments:

ms - the maximum of the sensitivity function

ws - the frequency of the maximum

IT L P XL FT PL FT JLE PR L T R 22 22

%Copyright (c) 1992 by Per Persson, Department of Automatic Comtrol,
%Lund Institute of Technology, Lund, Sweden

%
%LastEditDate : Fri Dec 4 13:45:22 1992

if nargin==3, tol = deftol; end;

for ix=l:rows(cstr),
s1 = [*(C cstr(ix, :) ?).»(? pstr *))’];
82 = [?absCevals(’ *222 2(1 + 2 g1 2),~(-1)? 2111 3, jax))’];
[w, m] = optg(s2, wx, tol);

% If ve fail to find an optimum the it is very likely that something is wrong.

if isempty(w),
fprintf(’mscl : cannot find a maximal Ms. Guessing Ms = 1.\n’);
¥ error(’Cannot find a maximal Ms.’);
m=1; v = inf;

end;

ms = [ms; m];

vs = [ws; v];
end

mshelp

function res = mshelp(pstr, wOs, zO, kds, tol)

%MSHELP Computes the Ms values with a PID controller for a range of kds

% This is a help routine used in PIDDESM2.

1

% res = MSEHELP(pstr, wOs, zO, kds, tol)

3 Input arguments:

% pstr - process expressed as a string

A w0s - array of w0 values, the interval must contain wOmax
% z0 - the relative damping

A kds - an aray of kd values

% tol - the tolerance of the solution (defanlt: deftol)
% Output arguments:

% res - an array of corresponding Ms values

YCopyright (c) 1992 by Per Persson, Department of Antomatic Comntrol,
%Lund Institute of Technology, Lund, Sweden

3
%LastEditDate : Fri Nov 13 16:00:36 1992

if nargin==4, tol = deftol; end;
rpar = [];
for ix = 1:length(kds),
r = piddeskd(pstr, wOs, z0, kds(ix));
if “isempty(r),
[b, a] = mscl(con2str(r), pstr, wOs, tol);
rpar = [rpar; r bl;



end;
end;
if “isempty(rpar), res = rpar(:, cols(rpar)); end;

numtostr

function str = numtostr(num, n)
XNUMTOSTR Humber to string conversionm.

str = NUMTOSTR(num, n)

Input arguments:

num ~ the number to convert

n - number of decimals (default 10)
Output arguments:

str - num as a string

I I8 2L 3T T TR

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Swveden

%
%LastEditDate : Tue Nov 10 11:23:62 1992

if nergin == 1, n = 10; end;
str = sprintf([’%.’ sprintf(’Yg’, n) ’g’]l, num);

opt

function [xsol, £x] = opt(str, x0s, tol)

%O0PT Find the first maximum of an expression of ’x’ defined in str,
vhere x is in the range x0s.

[xs0l, £x] = OPT(str, x0s, tol)

Input arguments:

str - a function experssed as a string

x0s - the interval of x-guesses

tol - the tolerance of the solution (default: deftol)
Output arguments:

xsol - the x coordinate of the solution

fx - the maximum value

L 3T 3L 3T L 3L T L T 2L

%Copyright (c) 1992 by Per Persson, Department of Automatic Contrel,
%Lund Institute of Technology, Lund, Sweden

%
%LastEditDate : Thu Jan 7 13:38:17 1993

x0s = x08(:);

if nargin==2, tol = deftol; end;
£i = (3 - sqrt(5))/2;

tmp = [1;

f1 = evalx(str, x0s(1)); £2 = evalx(str, x0s5(2)); £3 = evalx(str, x0s(3));
if (£2 > f1) & (£2 > £3), tmp = 2; end;

ix = 4;

while (ix < rows(x0s)) & isempty(tmp),
1 = £2;
£2 = £3;

£3 = evalx(str, x0s(ix));
if (£2 > £1) & (£2 > £3), tmp = ix - 1; end;
ix = ix + 1;

end;

%r = evalx(str, x0s);
%tmp = locmaxi(r);

if isempty(tmp),
fprintf(’opt: no maximum in [%f, %£]\n’, x0s(1), xOs(length(x0s)));
xsol = [1; £fx = []; return;

end;

a = x0s(tmp(1) - 1);
¢ = x0s(tmp(1) + 1);
b=a+ (c - a)sfi;
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x:fprintf(’ %t UE Ut \!\’, a, b, c);
%fprintf(? Yf %£ Y%f \n’, evalx(str, a), evalx(str, b), evalx(str, ¢));

while abs(c - a) > tol#*abs((c + a)),
xx = b + fi*(c - b);
fxx = evalx(str, xx);
fb = evalx(str, b);

% fprintf(? %£ \n’, £x-fb);

% fprint£(’ % %f %f \n’, a, b, €);

% fprintf(? %f Y%f %f \n’, evalx(str, a), evalx(str, b), evalx(str, ¢));
% fprintf(’-——-------- \n?);

if fxx - fb >= 0,
a =Db; b =xx; % fprintf(’type 1\n?);
elseif fxx - fb == 0,
a=b; ¢ =xx; b==a+ (c ~ a)sfi; % fprintf(’type 2\n?’);
else
c=xx; b=na+ fis(c - u); ¥% fprintf(’type 3\n?’);
end;
end;
xso0l = b; fx = fb;

optg

function [xsol, fx] = optg(str, x0s, tol)

%0PTG Find the global maximum of an expression of 'x’ defined in str,
where x is in the range x0s.

[xso0l, £x] = OPTG(str, xOs, tol)

Input arguments:

str - a function experssed as a string

x0s - the interval of x-guesses

tol - the tolerance of the solution (default: deftol)
OQutput arguments:

xsol - the x coordinate of the solution

fx - the maximum value

]

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sweden

%
%LastEditDate : Thu Jan 7 13:38:17 1993

x08 = x05(:);

if nargin==2, tol = deftol; end;
fi = (3 - sqrt(6))/2;

tmp = [1;

%f1 = evalx(str, x0s(1)); £2 = evalx(str, x0s(2)); £3 = evalx(str, x0s(3));
%if (£2 > £1) & (£2 > £3), tmp = 2; end;

%ix = 4;

%while (ix < rows(x0s)) & isempty(tmp),

% £1 = £2;

% £2 = £3;

% £3 = evalx(str, x0s(ix));

% if (£2 > £f1) & (£f2 > £3), tmp = ix - 1; end;
% dix = ix + 1;

%end;

r = evalx(str, x0s);
[y, tmp]l = max(r);

if tmp==1 | tmp==length(r),
f£printf(’opt: no maximum available in [%f, %£]1\n’, x0s(1), z0s(length(z0s)));
xsol = []; fx = []; return;
%error(sprintf(’opt: no local maximum in [%f, %£1\n’, x05(1), xOs(length(x0s))));
end;
%if isempty(tmp),
% fprintf(’opt: no maximum aveilable in [%f, %£]\n’, x0s(1), xOs(length(x0s)));
% =xs0l = [1; £fx = []; return;
%end;
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x0s (tmp(1) - 1);

¢ = x0s(tmp(1) + 1);

b=a+ (c - a)efi;

$fprintf(’ % %f %f \n’, m, b, ¢);

%£print£(’ %£ %f %f \n’, evalx(str, a), evalz(str, b), evalx(str, ¢));

vhile abs(c - a) > tol*abs((c + a)),
xx =b + fi*(c - b);
fxx = evalx(str, xx);
fb = evelx(str, b);

% fprintf(? %f \n’, £fx-fb);

% fprintf(’ %€ %2 %£ \n’, a, b, c);

% fprintf(’ %2 Yf %f \n’, evalx(str, a), evalx(str, b), evalx(str, ¢));
% fprintf(?----------- \n’);

if £fxx - fb >= 0,

a=b; b =xx; % fprintf(’type 1\n’);
elseif fxx - fb == 0,

a=b; ¢c =xx; b=a+ (c - a)rfi; % fprintf£(’type 2\n’);
else

c=xx; b=a+ firx(c ~ a); % fprintf(’type 3\n’);

end;
end;
xs0l = b; fx = £fb;
par2con

function con = par2con(k, ti, td)

%PAR2CON Converts the PID controller parameters to the standard controller

% data structure.

%

% con = PAR2CON (k)

% con = PAR2CON(k, ti)

% con = PAR2CON(k, ti, td)

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sweden

%
%LastEditDate : Tue Dec 15 11:45:46 1992

HaN*ones(size(k));
zeros(size(k));

ns
oS

if nargin==1,

ti = Inf; td = O;
elseif nargin==

td = os;
end;

con = [ns ns ns k k./ti ti k.*td td os];

pddes

function [k, td] = pddes(pstr, wOs, z0, tol)

%PDDES Design of a PD controller with dominant poles with m specified z0

OQutput arguments:
k, td - PD parameters
con - the controller data structure

% and w0 chosen to maximize k.

%

% [k, td] = PDDES(pstr, w0s, z0, tol) or

% con = PDDES(pstr, wOs, z0, tol)

% Input arguments:

% pstr - process expressed as a string

% w0s - array of w0 values, the interval must contain wOmax
% z0 - the relative damping of the dominant poles

% tol - the tolerance of the solution (defaunlt: deftol)
%

%

%

#Copyright (c) 1992 by Per Persson, Department of Antomatic Comtrol,
%Lund Institute of Technology, Lund, Sveden
%
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%LastEditDate : Fri Bov 13 15:58:09 1992

if nargin==3, tol = deftol; end;
w0s = w0s(:);

tmp = [’getk((dptable1(’’? pstr, ’’’, ?’pd’?, x, ! numtostr(z0) ’)))’];
wx = opt(tmp, wOs, tol);
if “isempty(wx),
con = dpteblel(pstr, ’pd?, wx, z0);
if nargout==1,
k = con;
olse
k = gotk(con); td = gettd(con);
end;
else
orror(’Ho controller found with pddes.?);
ond;

pddesam

function [k, td] = pddeseam(pstr, wOs, am, zguess, tol)

%PDDESAM Design of m PD controller with wO chosen to maximize k and

OQutput arguments:
k, td - PD parameters
con - the controller data structure

% z0 chosen to get a specified amplitude margin of the closed system.
%

% [x, td] = PDDESAM(pstr, w0s, am, zguess, tol)

% con = PDDESAM(pstr, wOs, am, zguess, tol)

% Input arguments:

% pstr - process expressed as as a string

% v0s - array of w0 values, the interval must contain wOmax

% am - the specified phase margin, in degrees

% zguess - & guess of z0 interval (default: linspace(0.01, 2, 10))
3 tol - the tolerance of the solution (default: deftol)

%

%

%

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sweden

%
%LastEditDate : Sat Dec 19 11:39:26 1992

1sp = linspace(0.01, 2, 10)?;
if nargin==3,
zguess = 1lsp; tol = deftol;
elseif nargin==4,
if isempty(zguess), zguess = 1lsp; else zguess = zguess(:); end;
tol = deftol;
elseif nargin==5,
if isempty(zguess), zguess = 1lsp; else zguess = zguess(:); end;
ond;

w0s = w0s(:);
1v = length(w0s); w1 = w0s(1); w2 = w0s(1lw); dw

(v2 - w1)/1w;

delete (’amfunpd.m’);

fn = fopen(’emfunpd.m’, ’w’);

fprintf(fn, ’function am = amfunpd(zs)\n?);

fprintf(fn, ’tmp = [J; \nfor ix=zs’?, \n?’);

fprintf(fn, [’ con = pddes(’ gstring(pstr) ’, [’ numtostr(w1,10) ...
':? numtostr(dw,10) ’:’ numtostr(w2,10) ’]'’, ix, !’
numtostr(tol) ?);\n’l);

fprintf(fn, [’ [am, wx] = amarg(’ gstring(pstr) ...

3, con2str(con), linspace(0.2+getw0(con), BegetwO(con), 20), ’ ...
numtostr(tel) *);\n’l);

fprintf(fn, * tmp = [tmp; aml;\n’);

fprintf(fn, ’end;\nam = tmp;?’);

fclose(fn);

clear(?amfunpd?);

£x = solve(’amfunpd(x)’, em, zguess, 1, tol);
con = pddes(pstr, w0s, zx, tol);
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if nargout==1,
k = con;
else
k = getk(con);
td = gettd(con);
ond;

pddesms
function [k, td] = pddesms(pstr, v0Os, ms, zguess, tol)

¥XPDDESMS Design of a PD controller with zO chosen to give the controller

OQutput arguments:
k, td - PD parameters
con ~ the controller data structure

% specified Ms~value, and w0 chosen to maximixze k.

%

% [k, td] = PDDESMS(pstr, w0s, ms, zguess, tol)

% con = PDDESHMS (pstr, w0s, ms, zguess, tol)

% Input arguments:

% pstr - process expressed as m string

% w0s - array of wO values, the interval must contain wOmax
% ms - the specified ms value

% zguess - a guess of zO interval (default: linspace(0.0i, 2, 10))
% tol - the tolerance of the solution (default: deftol)

%

3

%

%Copyright (c) 1992 by Per Persson, Department of Automatic Comtrol,
¥Lund Institute of Technology, Lund, Sweden

%
%LastEditDate : Tue Dec 1 11:20:44 1992

1sp = linspace(0.01, 2, 10)’;
if nargin==3,
zguess = 1lsp; tol = deftol;
elseif nargin==4,
if isempty(zgness), zguess = lsp; end;
tol = deftol;
elseif nargin==5§,
if isempty(zguess), zguess = lsp; end;
end;

w0s = wis(:);
1w = length(w0s); wi = w0s(1); w2 = w0s(1w); dv = (w2 - w1)/1lw;

delete (’msfunpd.m’)

fn = fopen(’msfunpd.m?, *w?);

fprintf(fn, 'function ms = msfunpd(zs)\n’);

fprintf(fn, 'zs=zs(:);tmp = []; \nfor ix=zs’’, \n?’);

fprintf(fn, [’ r = pddes(’ gstring(pstr) ', linspace(’ numtostr(vi,10) ’,’ numtostr(w2,10)
),? numtostr(lw,1) *)?’, ix, ? numtostr(tol) ?); \mn’]l);

fprintf(fn, ’if “isempty(r), w0 = getwO(r);\n’);

fprintf(fn, [? [ms, wmp] = mscl(con2stz(z), ? gstring(pstr) ’, linspace(0.1+w0, 10+vO [
200), ’ numtostr(tol) ?);\n’]);

fprintf(fn, * tmp = [tmp; ms];\n?);

fprintf(fn, ’else error(’’Failure in msfunpd.’’); end; end;\nms = tmp; returm;’);
fclose(fn);

clear (’msfunpd’);

zx = solve(’msfunpd(x)’, ms, zguess, 1, tol);
if “isempty(zx),
con = pddes(pstr, wOs, zx);
if nargout==1,
k = con;
else
k = getk(con);
td = gettd(con);
end;
else
error(’No controller found with pddesms.’)
ond;
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pddespm
function [k, td] = pddespm(pstr, wOs, pm, zguess, tol)

XPDDESPM Design of a PD controller with wO chosen to maximize k and

OQutput arguments:
k, td - PD parameters
con - the controller data structure

% z0 chosen to get a specified phase margin of the closed system.
%

% [k, td] = PDDESPM(pstr, wOs, pm, zguess, tol)

% con = PDDESPM(pstr, wOs, pm, zguess, tol)

% Input arguments:

% pstr - process expressed as as a string

% w0s - array of w0 values, the interval must contain wOmax

% pm - the specified phase margin, in degrees

% zguess - a guess of z0 interval (default: linspace(0.01, 2, 10))
% tol - the tolerance of the solution (default: deftol)

i

%

3

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
#Lund Institute of Technology, Lund, Sveden

3
%LastEditDate : Fri Dec 11 16:40:01 1992

1sp = linspace(0.01, 2, 10)’;
if nargin==3,
zguess = 1lsp; tol = deftol;
elseif nargin==4,
if isempty(zguess), zguess = lsp; else zguess = zguess(:); end;
tol = deftol;
elseif nargin==b,
if isempty(zguess), zguess = lsp; else zguess = zguess(:); end;
end;

w0s = w0s(:);
lv = length(w0s); w1l = w0s(1); w2 = w0s(lw); dw = (v2 - v1)/1w;

delete(’pmfunpd.m’);

fn = fopen(’pmfunpd.m’, ’w’);

fprintf(fn, 'function pm = pmfunpd(zs)\n’);

fprintf(fn, 'tmp = [1; \nfor ix=zs’’, \m?);

fprintf(fn, [’ con = pddes(’ gstring(pstr) ’, [’ numtostr(wi,10) ’:’ numtostr(dw,10) ’:’H
numtostr(v2,10) ?]??, ix, ’ numtostr(tol) ’);\n’]);

fprintf(fn, [ [pm, wvx] = pmarg(’ gstring(pstr) ’, con2str(con), linspace(0.2+getwO(con) i
B»getwO(con), 20), ’ numtostr(tol) ’);\n’]);

fprintf(fn, ° tmp = [tmp; pml;\n’);

fprintf(fn, ’end;\npm = tmp;’);

fclose(fn);

clear (’pmfunpd?’);

zx = solve(’pmfunpd(x)’, pm, zguess, 1, tol);
con = pddes(pstr, wOs, zx, tol);

if nargout==1,
k = con;
else
k = getk(con);
td = gettd(con);
end;

phase
function phi = phase(g)
#PHASE Computes the phase of a complex vector
phi = phase(g)
g is a complex-valued column vector mnd phi is returned as its

phase (in radians), with an effort made to keep it continuous
over the pi-borders.

o L

23



L. Ljung 10-2-88/ Modified by Per Persson September 14, 1992
%Copyright (c) 1986-90 by the MathWorks, Inc.
%411 Rights Reserved.

%
%LastEditDate : Sat Nov 7 10:57:21 1992

g =g0:);

phi = atan2(imeg(g), real(g));
n = length(phi);

df = phi(1:n~1) - phi(2:n);
tmp = find(abs(df)>3.5);

for ix=tmp’,

if ix*=0,
phi = phi + 2#pi*sign(df(ix))#[zeros([1,ix])?; ones([1,n-ix]1)*];
ond;
end;

piddes

function [k, ti, td] = piddes(pstr, wOs, z0, alpheO, tol)

%PIDDES Design of a PID controller with dominant poles with a specified =0

Output arguments:
k, ti, td - PID parameters
con - the controller data structure

% alphaO, and w0 chosen to maximize ki.

%

% [x, ti, td] = PIDDES(pstr, wOs, z0, alphaO, tol) or

% con = PIDDES(pstr, wOs, zO, alphaO, tol)

% Input arguments:

% pstr - the process expressed as a string

% w0s - array of wO values, the interval must contain vOmax
% z0 - relative damping of the dominant poles

% alpheO - the relative distance of the third pole

% tol - the tolerance of the solution (default: deftol)
%

%

%

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sweden

%
%LestEditDate : Fri Nov 13 15:58:09 1992

if nargin==4, tol = deftol; end;
w0s = w0s(:);

tmp=[’getki(dptable1(’ gstring(pstr) ?, ’’pid’’ ,x ,’ numtostr(z0) ’, ’ numtostr(alphaO)f]
)°1;
wx = opt(tmp, wls, tol);
con = dptablel(pstr, ’pid’, wx, z0, alphaO);
if nargout==1,
k = con;
else
k = getk(con);
ti = getti(con);
td = gettd(con);
end;

piddes2

function [k, ti, td] = piddes2(pstr, wOs, ms, alphaO, tol)

%PIDDES2 Design of a PID controller with a specified Ms

Output arguments:
k, ti, td - PID parameters

% and w0 chosen to maximize ki.

A

% [k, ti, td] = PIDDES2(pstr, wOs, ms, alphaO, tol)

% con = PIDDES2(pstr, wOs, ms, alphaO, tol)

% Input arguments:

% pstr - the process expressed as a string

% w0s - array of w0 values, the interval must contain wOmax
% ms - the Ms value of the controller

% alphaO - the relative location of the third dominant pole
% tol - the tolerance of the solution (default: deftol)
%

%
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% con - the controller data structure

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sweden

%
YLastEditDate : Thu Jan 7 13:23:13 1993

if nargin==4, tol = deftol; end;
w0s = w0s(:);

tmp = [’getki((dptable2(’ gstring(pstr) !, ?’pid’?, x, ’ numtostr(ms) ...
', * numtostr{alpha0) ?, ’ numtostr(tol) *)))’];
vx = opt(tmp, wOs, tol);
if “isempty(wx),
con = dptable2(pstr, ’‘pid’, vx, ms, alphamO, tol);
if nargout==1,
k = con;
else
k = getk(con);
ti = getti(con);
td = gettd(con);
end;
olse
error(’No controller found with piddes2.?);
end;

piddesam

function [k, ti, td] = pidesam(pstr, wOs, am, alphaO, zguess, tol)

%PIDDESAM Design of a PID controller with w0 chosen to maximize ki and

Qutput arguments:
k, ti, td - PID parameters
con - the controller data structure

% z0 chosen to get a specified amplitude margin of the closed system.
%

% [k, ti, td] = PIDDESAM(pstr, wOs, am, alphaO, zguess, tol)

% con = PIDDESAM(pstr, wOs, am, alpha0, =guess, tol)

% Input arguments:

3 pstr - process expressed as as a string

% w0s - array of wO values, the interval must contain wOmax
% am - the specified amplitude margin

% alphaO ~ the relative location of the third pole

% Zguess - a guess of z0 interval

% (default: linspace(0.005, 2, 10))

% tol - the tolerance of the solution (default: deftol)

%

%

%

¥Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sweden

4
%LastEditDate : Sat Dec 19 14:23:48 1992

1sp = linspace(0.1, 2, 10)’;
if nargin==4,
zguess = lsp; tol = deftol;
elseif nargin==5,
if isempty(zguess), zguess = lsp; else zguess = zguess(:); end;
tol = deftol;
elseif nargin==6,
if isempty(zguess), zguess = lsp; else zguess = zguess(:); end;
end;

w0s = w0s(:);
1v = length(w0s); w1l = w0s(1); w2 = w0s(lw); dw

(w2 - wl)/1lw;

delete(’amfunpid.m’);

fn = fopen(’amfunpid.m’, ’w’);

fprintf(fn, 'function am = amfunpid(zs)\n’);

fprintf(fn, tmp = [J; \nfor ix=zs’’, \n?’);

fprintf(fn, [’ con = piddes(’ qstring(pstr) ', [’ numtostr(v1,10) ’:’ numtostr(dw,10) ’: '
numtostr(w2,10) *1?’, ix, ’ numtostr(alpha0) ’, ’ numtostr(tol) ?);\n’l);

fprintf(fn, [’ [am, wx] = amarg(’ gstring(pstr) ', con2str(con), linspace(0.2+getw0(con),li
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20#getwO(con), 20), * numtostr(tol) *);\n’l);
fprintf(fn, ? tmp = [tmp; am]l;\n’);
f£printf(fn, ’end;\nam = tmp;’);

fclose(fn);

clear(’amfunpid’);

zx = solve(’amfunpid(x)’, em, zguess, 1, tol);
con = piddes(pstr, wOs, zx, alphaO, tol);

if nargout==1,
k = con;
elne
k = getk(con);
ti = getti(con);
td = gettd(con);
end;

piddeskd

function [k, ti, td] = piddeskd(pstr, wOs, z0, kdO, tol)

YXPIDDESKD Design of a PID controller with specified z0O and kd, and w0

Dutput arguments:
k, ti, td - PID parameters
con - the controller data structure

% chosen to maximize ki.

%

% [x, ti, td] = PIDDESKD(pstr, wOs, z0, kd0)

% con = PIDDESKD(pstr, wOs, z0, kd0)

% Input arguments:

% pstr - process expressed as a string

% w0s - arrey of w0 values, the interval must contain wOmax
% 20 - specified value of z0

% kdO - a specified value of kd

% tol - the tolerance of the solution (defeult: deftol)
%

%

%

%Copyright (c) 1992 by Per Persson, Department of Automatic Conmtrol,
%Lund Institute of Technology, Lund, Sveden
%

#%LastEditDate : Fri Nov 13 15:58:09 1992

if nargin==4, tol = deftol; end;

wOs = w0s(:);

tmp = [’getki(dptable1(’ gstring(pstr) ?, ’’pid2’’ ,x ,? numtostr(z0) ?, ' numtostr(kdO)l

)];
wx = opt(tmp, w0s, tol); if isempty(wx), return; end;
con = dptablei(pstr, ’'pid2’, wx, z0, kd0);
if nargout==1,
k = con;
else
k = getk(con);
ti = getti(con);
td = gettd(con);
ond;

piddesm2

function cons = piddesm2(pstr, v0s, ms., ms2, kdx, zguess, tol)

%PIDDESM2 Design of a PID controller with z0 and kd chosen to give the
controller specified Ms-value, and w0 chosen to maximize ki.
The parameter alphaO is not used in this routine alphaO is
not used. z0 is chosen by designing a PI controller with Ms=
Ms = msl., kd is then increased until Ms for the system
controlled by the PID controller is Ms = ms2.

This method assumes that the process can be controlled

by a PI controller.

cons = PIDDESM2(pstr, vOs, msi, ms2, kdx, zguess, tol)
Input arguments:

pstr - process expressed as a string

w0s - array of vO values the interval must contain wOmax

eI
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The PI controller is the first row in cons, and the
PID controller is the second row.

% msi - the specified ms value for the PI controller

% ms2 - the specified ms value for the PID controller
% kdx - a maximal kd (should be reasonably guessed)

% (default: guessed by kdguess)

% zguess - a guess of z0 interval

% (default: linspace(0.01, 0.99, 40)

% tol - the tolerance of the solution (default: deftol)
% Output arguments:

% cons — both the PI and the PID controller are returned.
%

%

%Copyright (c) 1992 by Per Persson, Department of Automatic Comtrol,
¥Lund Institute of Technology, Lund, Sweden

%
%LastEditDate : Thu Jan 7 10:567:24 1993

if nargin<7, tol = deftol; end;

if nargin==6,

rpi = pidesms(pstr, wOs, msl, zguess, tol);
else

rpi = pidesms(pstr, wOs, msi, [1, tol);
end;

20 = getzO(rpi);
if nargin==4, kdx = kdguess(pstr, v0Os, 20); end;
if nargin>4,
if isempty(kdx), kdx = kdguess(pstr, wOs, z0); end;
end;

kds = 3+kdx+*linspace(0, 3, 50)’;

vl

w0s(1); wn = w0s(length(w0s)); dw = (wn-w1)/(length(w0s)-1);

st = [’mshelp(’ gstring(pstr) ’, [? numtostr(wl) *:’ numtostr(dw) ’:’ numtostr(wn) ’1, ’H
numtostr(z0) ’, x,’ numtostr(tol) ?)?];

kdsol = solve(st, ms2, kds, 1, tol);
rpid = piddeskd(pstr, w0s, z0, kdsol, tol);
cons = [rpi; rpid];

piddesms

function [k, ti, td] = piddesms(pstr, wOs, ms, alphaO, zguess, tol)

%PIDDESMS Design of a PID controller with z0 chosen to give the controller

Output arguments:
k, ti, td - PID parameters
con - the controller data structure

% specified Ms-value, and w0 chosen to maximize ki. The parameter
% alphal is chosen separately.

%

% [k, ti, td] = PIDDESMS(pstr, w0s, ms, alphaO, zguess, tol)

% con = PIDDESKS(pstr, wOs, ms, alphaO, zguess, tol)

% Input arguments:

% pstr - process expressed as a string

% wO0s - array of vO values the interval must contain wOmax
% ms - the specified ms value

% alphel - the relative location of the third dominant pole

% zZguess - a guess of z0 interval

% (default: linspace(0.01, 2, 10))

% tol - the tolerance of the solution (default: deftol)

%

%

%

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sweden

%
%LastEditDate : Thu Jan 7 09:51:00 1993

1sp = linspace(0.01, 2, 10)7?;
if nargin==4,
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aguess = lsp;

tol = deftol;
elseif nargin==6,

tol = deftol;
elseif nargin==6,

if isempty(zguess), zguess = lsp; end;
end;

wO0s = wO0s(:);
1w = length(w0s); vl = w0s(1); w2 = w0s(lw); dw = (v2 - wi1)/1w;

delete(’msfunpid.m’);

fn = fopen(’msfunpid.m’, ’w?);

fprint£(fn, 'function ms = msfunpid(zs)\n’);

fprintf(fn, ’zs=zs(:);tmp = []; \nfor ix=zs’’, \n’);

£printf(£n, [’ © = piddes(’ gstring(pstr) ’, linspace(’ numtostr(wi,10) ’,’ numtostr(w2,10)f
»,9 numtostr(le) *)?’?, ix, ’ numtostr(alpha0) ?, ’ numtostr(tol) ’); \n’]);

fprintf(fn, ’if “isempty(r), w0 = getwo(r);\n’);

fprintf(fn, [’ [ms, smp] = mscl(con2str(r), ’ qstring(pstr) ’, linspace(0.1+#30, 10+v0,[
200), ? numtostr(tol) ’);\n’l);

fprintf(fn, ’ tmp = [tmp; ms];\n’);

fprintf(fn, ’else error(’’Failure in msfunpid.’’); end; end;\nms = tmp; return;’);
fclose(fn);

clear(’msfunpid’);

zx = solve(’msfunpid{(x)’, ms, zguess, 1, tol);
if “isempty(zx),
con = piddes(pstr, wOs, zx, alpha0);
if nargout==1,
k = con;
else
k = getk(con);
ti = getti(con);
td = gettd(comn);
end;
else
error(’No controller found with piddesms.?)
end;

piddespm

function [k, ti, td] = piddespm(pstr, wOs, pm, alphaO, zguess, tol)

%PIDDESPM Design of a PID controller with wO chosen to maximize ki and

% z0 chosen to get a specified phase margin of the closed system.
%

% {x, ti, td] = PIDDESPM(pstr, wOs, pm, alphaO, zguess, tol)

% con = PIDDESPM(pstr, wOs, pm, alphaO, zguess, tol)

% Input erguments:

% pstr - process expressed as as a string

% w0s - array of w0 values, the interval must contain wOmax
% pm - the specified phase margin, in degrees

% alpha( - the relative location of the third pole

% Zguess - a guess of z0 interval

% (default: linspace(0.01, 2, 10))

% tol - the tolerance of the solution (default: deftol)

% Dutput arguments:

% k, ti, td - PID parameters

% con ~ the controller data structure

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%¥Lund Institute of Technology, Lund, Sveden

%
%LastEditDate : Thu Jen 7 13:38:19 1993

1sp = linspace(0.01, 2, 10)?;

if nargin==4,
zguess = 1lsp; tol = deftol;

elseif nargin==5,
it isempty(zguess), zguess = 1lsp; else zguess = xguess(:); end;
tol = deftol;

elseif nargin==6,
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if isempty(zguess), zguess = 1lsp; else zguess = zguess(:); end;
end;

w0s = w0s(:);

1w = length(w0s); w1 = w0s(1); w2 = w0s(1lv); dv = (¥2 - w1)/1w;

delete (’pmfunpid.m?);

fn = fopen(’pmfunpid.m?’, ’v');

fprintf(fn, 'function pm = pmfunpid(zs)\n’);

fprintf(fn, ’tmp = [1; \nfor ix=zs’’, \n?);

fprintf(fn, [? con = piddes(’ gstring(pstr) ’, [’ numtostr(v1,10) ’:’ numtostr(dw,10) *:’Hl
numtostr(w2,10) *]1’’, ix, ’ numtostr(alpha0) ’, ’ numtostr(tol) *);\n’l);

fprintf(fn, [’ [pm, wx] = pmarg(’ gstring(pstr) ’, com2str(con), linspace(0.2+getv0(con) M
B#gotwO(con), 20), ’ numtostr(tol) *);\n’l);

fprintf(fn, ' tmp = [tmp; pm]l;\n’);

fprintf(fn, ’end;\npm = tmp;’);

fclose(£fn);

clear(’pmfunpid’);

zx = solve(’pmfunpid(x)’, pm, zguess, 1, tol);
con = piddes(pstr, w0s, zx, alphaO, tol);

if nargout==1,
k = con;
else
k = getk(con);
ti = getti(con);
td = gettd(con);
end;

pides

function [k, ti] = pides(pstr, wOs, z0, tol)

%PIDES Design of a PI controller with dominant poles with a specified z0

Output arguments:
k, ti - PI parameters
con - the controller data structure

% and v0 chosen to meximize ki.

%

% [x, ti] = PIDES(pstr, w0s, z0, tol) or

% con = PIDES(pstr, wOs, z0, tol)

% Input arguments:

% pstr - the process expressed as a string

% w0s - array of wO values, the interval must contein wOmax
% z0 - relative damping of the dominant poles

% tol =~ the tolerance of the solution (default: deftol)
%

%

%

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sweden

%

YLastEditDate : Tue Dec 1 11:19:27 1992

if nargin==3, tol = deftol; end;
w0s = w0s(:);

tmp = [‘getki((dptableli(’ gstring(pstr) ?, ??pi?’, x, ’ numtostr(z0) ’)))’];
wx = opt(tmp, wOs, tol);
if “isempty(wx),
con = dptablei(pstr, 'pi’, wx, z0);
if nargout==1,
k = con;
else
k = getk(con);
ti = getti(con);
end;
else
error(’No controller found with pides.’);
end;

pides2

function [k, ti] = pides2(pstr, w0s, ms, tol)
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%PIDES2 Design of a PI controller with with a specified Ms

Qutput arguments:
k, ti - PI parameters
con - the controller data structure

% and w0 chosen to maximize ki.

a

% [k, ti] = PIDES2(pstr, w0s, ms, tol) ox

% con = PIDES2(pstr, wOs, ms, tol)

% Input arguments:

% pstr - the process expressed as m string

% w0s - array of w0 values, the interval must contmin wOmax
F 5 ms - the Ms value of the controller

% tol - the tolerance of the solution (default: deftol)
]

%

%

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sweden

4
%LastEditDate : Thu Jan 7 10:46:50 1993

if nargin==3, tol = deftol; end;
wOs = wO0s(:);

tmp = [?getki((dptable2(’ gstring(pstr) ’, ’’pi’’, x, ! numtostr(ms) ...
’, HaBN, ’ numtostr(tol) *)))’];
wx = opt(tmp, wOs, tol);
if “isempty(wx),
con = dptable2(pstr, ’pi’, vx, ms, Hal, tol);
if nargout==1,
k = con;
else
k = getk(con);
ti = getti(con);
end;
else
error(’No controller found with pides2.’);
end;

pidesam

function [k, ti] = pidesam(pstr, vOs, am, zguess, tol)

¥PIDESAM Design of a PI controller with w0 chosen to maximize ki and

% z0 chosen to get a specified amplitude margin of the closed system.
4

% [x, ti]l = PIDESAM(pstr, wOs, am, zguess, tol)

% con = PIDESAM(pstr, wOs, am, zguess, tol)

% Input arguments:

% pstr - process expressed as as a string

% v0s - array of w0 values, the interval must contain wOmax

% am - the specified amplitude margin, in degrees

% zguess - a guess of z0 interval (default: linspace(0.1, 2, 10))
% tol - the tolerance of the solution (default: deftol)

% ODutput arguments:

% k, ti - PI parameters

% con - the controller data structure

%Copyright (¢) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sweden

%

%LastEditDate : Sat Dec 19 11:38:06 1992

1sp = linspace(0.1, 2, 10)’;
if nargin==3,
zguess = lsp; tol = deftol;
elseif nargin==4,
if isempty(zguess), zguess = lsp; else zguess = zguess(:); end;
tol = deftol;
elseif nargin==5b,
if isempty(zguess), zguess = lsp; else zguess = zguess(:); end;
end;
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w0s = w0s(:);
lw = length(w0s); w1 = w0s(1); ¥2 = w0s(le); dw = (v2 - w1)/lw;

delete(’amfunpi.m’);
fn = fopen(’emfunpi.m’, 'w?);
fprintf(fn, ’function am = amfunpi(zs)\n?);
fprintf(fn, ’tmp = [1; \nfor ix=zs'’, \n?);
fprintf(fn, [? con = pides(’ gstring(pstr) ’, [’ numtostr(w1,10) ...
’:3 numtostr(dw,10) ’:? numtostr(w2,10) ’]*?, ix, * ...
numtostr(tel) ?);\n’l);
fprintf(fn, [’ [am, vx] = amarg(’ qstring(pstr) ...
’, con2str(con), linspace(0.2+getw0{con), b*getwd(con), 20), * ...
numtostr(tol) ?);\n’l);
fprintf(fn, ’ tmp = [tmp; am];\n’);
fprintf(fn, ’end;\nam = tmp;’);
fclose(fn);
clear(?amfunpi’);

zx = solve(’amfunpi(x)’, am, zguess, 1, tol);
con = pides(pstr, w0s, zx, tol);

if nargout==1,
k = con;
olse
k = getk(con);
ti = getti(con);
end;

pidesms

function [k, ti] = pidesms(pstr, v0s, ms, zguess, tol)

YPIDESMS Design of a PI controller with z0 chosen to give the controller

% specified Ms-value, and wO chosen to maximize ki.

%

% [k, $i] = PIDESMS(pstr, wOs, ms, zguess, tol)

% con = PIDESHS(pstr, wOs, ms, zguess, tol)

% Input arguments:

% pstr - process expressed as a string

% w0s - array of w0 values, the interval must contain wOmax
% ms - the specified ms value

% zguess - a guess of z0 interval (default: linspace(0.01, 2, 10))
% if zguess = [} then the defanlt will be assumed

% tol - the tolerance of the solution (default: deftol)

% Cutput arguments:

% k, ti - PI parameters

% con - the controller data structure

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sweden

%
%LastEditDate : Tue Dec 1 11:17:59 1992

1sp = linspace(0.01, 2, 10)?;
if nargin==3,
zguess = lsp; tol = deftol;
elseif nargin==4,
if isempty(zguess), zguess = lsp; end;
tol = deftol;
elseif nargin==5,
if isempty(zguess), zguess = 1lsp; end;
end;

w0s = w0s(:);

1w = length(w0s); wi = wOs(1); w2 = w0s(1w); dw = (v2 - w1)/le;

delete(’msfunpi.m’);

fn = fopen(’msfunpi.m’, ’vw’);

fprintf(fn, ’'function ms = msfunpi(zs)\n’);

fprintf(£fn, 'zs=zs(:);tmp = [1; \nfor ix=zs’’, \n');

fprintf(fn, [ r = pides(’ gstring(pstr) ?, linspace(’ numtostr(w1,10) ’',’ numtostr(w2,10)§j
»,? numtostr(lw,1) °)’?, ix, ’ numtostr(tol) ?); \a’l);

fprintf(fn, 'if “isempty(r), w0 = getw0(r);\n’);
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fprintf(fn, [’ [ms, wmp] = mscl(con2str(r), ’ gstring(pstr) ’, linspace(0.1#w0, 10+u0, il
200), ? numtostr(tol) ?);\n’l);

fprintf(£n, * tmp = [tmp; ms];\n’);

fprintf(fn, ’else error(’’Failure in msfunpi.’’); end; end;\nms = tmp; return;’);
fclose(fn);

clear(’msfunpi’);

zx = solve(’msfunpi(x)’, ms, zguess, 1, tol);
if “isempty(zx),
con = pides(pstr, w0s, zx);
if nargout==1,
k = con;
else
k = getk(con);
ti = getti(con);
end;
else
error(’No controller found with pidesms.?)
end;

pidespm
function [k, ti] = pidespm(pstr, wOs, pm, zguess, tol)

YPIDESPM Design of a PI controller with w0 chosen to maximize ki and

% zZ0 chosen to get a specified phase margin of the closed system.
%

% [k, ti] = PIDESPM(pstr, w0Os, pm, zguess, tol)

% con = PIDESPM(pstr, wOs, pm, zguess, tol)

% Input erguments:

% pstr - process expressed as as a string

A w0s - array of w0 values, the interval must contain wOmax

% 2. ~ the specified phase margin, in degrees

% zguess - a guess of z0 interval (default: linspace(0.01, 2, 10))
% tol - the tolerance of the solution (default: deftol)

% Output arguments:

% k, ti - PI parameters

% con - the controller data structure

%Copyright (c) 1992 by Per Persson, Department of Automatic Conmtrol,
%Lund Institute of Technology, Lund, Sweden

%
%LastEditDate : Fri Dec 18 10:52:19 1992

1sp = linspace(0.01, 2, 10)’;
if nergin==3,
sguess = 1lsp; tol = deftol;
elseif nargin==4,
if isempty(zguess), zguess = 1lsp; else zguess = zguess(:); end;
tol = deftol;
elseif nargin==5,
if isempty(zguess), zguess = lsp; else zguess = zguess(:); end;
end;

wos = wOs(:);
1lv = length(w0s); wi = w0s(1); w2 = w0s(1w); dw = (w2 - w1)/lw;

delete(’pmfunpi.m’);

fn = fopen(’pmfunpi.m’, ’w’);

fprintf(fn, ’function pm = pmfunpi(zs)\n’);

fprintf(fn, *tmp = []; \nfor ix=zs’', \n’);

f£printf(fn, [’ con = pides(’ gstring(pstr) ?, [’ numtostr(wi,10) ’:’ ...
numtostr(dv,10) ’:? numtostr(w2,10) ’]1?’, ix, ' ...
numtostr(tol) ?);\n’]);

fprintf£(fn, [ [pm, wx] = pumarg(’ gqstring(pstr) ’, com2str(con), linspace(0.2+getw0(con) |}

B#getwO(con), 20), ’ numtostr(tol) ?);\n’1);

fprint£(fn, * tmp = [tmp; pml;\n’);

fprintf(fn, ’end;\npm = tmp;?);

fclose(£n);

clear (?pmfunpi’);

£x = solve(’pmfunpi(x)’, pm, zguess, 1, tol);
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con = pides(pstr, v0s, zx, tol);

if nargout==1,
k = con;
olse
k = getk(con);
ti = getti(con);
ond;

plotc

function plotc(z, rad, phii, phi2, 1t, ddeg)

%PLOTC Plots a circle in an exsisting plot, leaving the plot state

% unchanged.

]

b 4 res = PLOTC(z, rad, phil, phi2, 1t, ddeg)

% Input arguments:

% z - a complex number of the center

% rad - the radius of the circle

% phil, phi2 - angles of the segment

% 1t - line type (default: ’-?)

% ddeg - plotting discretization (default: 1 deg)

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sreden

%

%LastEditDate : Fri Nov 13 16:03:24 1992

holdstate = get(gcf, ’HextPlot’);
if nargin==5§,
ddeg = 1;
elseif nargin==4,
ddeg = 1; 1t = '-?;
end;
x = real(z); y = imag(z);
if phi2 < phil, tmp = phil; phil = phi2; phi2 = tmp; end;
tmp = [phil:(ddeg*pi/180):phi2]’;
res = rad+*[cos(tmp) sin(tmp)];
hold on;
plot(res(:,1) + x, res(:,2) + y, 1t);
if holdstate == 0, hold off; end;

pmarg

function [pm, wx] = pmarg(cstr, pstr, ws, tol)

%PMARG Computes the phase margin of a system.

% The phase margin is expressed in DEGREES, NOT RADIANS.
%

% [pm, wx] = PMARG(cstr, pstr, ws, tol)

% Input arguments:

% cstr - the controller expressed as a string

% pstr - the process expressed as a string

% ws - the frequency interval where the amplitude margin is found
% tol - the tolerance of the solution (default: deftol)
% Output arguments:

% pm - the phase margin

% wx - the frequency of the phase margin

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sweden

%

%LastEditDate : Fri Nov 13 16:52:34 1992

if nargin==2,
ws = logspace(-2, 2, 200)’; tol = deftol;
elseif nargin==3,
tol = deftol;
end;
wvx = asolveol(cstr, pstr, 1, ws, tol);



tmp = evals(cstr, i*wx)*evals(pstr, i*wx);
pm = 180*atan(ebs(imag(tmp)/real(tmp)))/pi;

psolvecl

function wx = psolvecl(cstr, pstr, y, ws, tol)

%PSOLVECL Find the solution of
arg(gc(i*w)*gp(i*w) /(1 + go(isw)egp(isw))) = y

wx = PSOLVECL(cstr, pstr, y, ws, tol)

Input arguments:

cstr - the controller expressed as a string

pstr - the process expressed as a string

y - the value of the phase (in radians)

us - the frequency interval wvhere the phase is found
tol - the tolerance of the solution (default: deftol)
Output arguments:

wx - the solution frequency
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%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sweden
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%LustEditDate : Fri Nov 13 16:03:568 1992

if nargin==4, tol = deftol; end;
tmp = [’phase(closeit(evals(’?? rstr ???, i#x).+evals(’?’ pstr ’??, ixx)))?’];

wx = solveb(tmp, y, ws, 1, tol);

psolveol

function wx = psolveol(cstr, pstr, y, ws, tol)
#%PSOLVEOL Finds the solution of arg(Ge(itw)*Gp(isw)) =y

wx = PSOLVEOQOL(cstr, pstr, y, ws, tol)

Input arguments:

cstr - the controller expressed as a string

Pstr - the process expressed as a string

y - the value of the phase (in radimns)

vs - the frequency interval where the phase is found
tol - the tolerance of the solution (default: deftol)
Output arguments:

vx - the solution frequency

L FE 3L FT T L 3L IL L BT

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
#Lund Institute of Technology, Lund, Sveden

%

%LastEditDate : Fri Hov 13 16:03:56 1992

if nargin==4, tol = deftol; end;
tmp = [’phase(evals(’’’ cstr ?’’, i*x).*evals(’?? pstr ’??, isx))?];
wx = solveb(tmp, y, ws, 1, tol);

gstring
function str = gstring(str)
XQSTRING Returns a s string WITH quotes.

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
#Lund Institute of Technology, Lund, Sweden

%
%LastEditDate : Sat Nov 7 11:18:35 1992

tmp = [1;
for ix = str,
if ix==39, tmp = [tmp 39]; end;
tmp = [tmp ix];
end;

str = [2?22 tmp 2''];



rows

function res = rows(matrix)
%ROWS Returns the number of rows of m matrix.

%Copyright (c) 1992 by Per Persson, Department of Automatic Contrel,
%Lund Institute of Technology, Lund, Sveden

%
YLastEditDate : Sat Sep 26 10:57:04 1992

[res, x] = size(matrix);

sfrcol

function fr = sfrcol(cstr, pstr, wil, ¥2, n)

%SFRCOL Computes the frequency frponse of a continuous time

transfer function.
fr = SFRCOL(cstr, pstr, lgwl, 1gw2, n)
fr = SFRCOL(cstr, pstr, wvec)

Input arguments:
cstr = the controller expressed as a string
pstr = the process expressed as a string

The value of G(s) = cstr#pstr is calculated either for

the frequencies in wvec [rad/s] or for n logarithmically spacad
frequency points [rad/s] betveen 10°v1 and 10°v2. The argument
n is optional with default value 50.

The output fr takes the form [v G(iw)], and can be plotted with
BOPL or NYPL from FRBOX.

FEFE I

%Copyright (c) 1992 by Per Persson, Department of Automatic Comtrol,
¥Lund Institute of Technology, Lund, Sveden

%
%LastEditDate : Thu Jan 7 13:38:18 1993

fr = [1;
if nargin==5,

w = logspace(wl, w2, n)’;
elseif nargin==4,

v = logspace(wl, w2)’;
elseif nargin==2,

w = logspace(-2, 2, 200)’;
else

v =wi(:);
end

fr = [w evals(cstr, i*w).*evals(pstr, i*w)];

sfun

function res = sfun(sysnr, s, pl, p2, p3, pd)

if sysnr ==
res = plsexp(-pl*s)./(p3*s+l);
elseif sysnr == 2
res = 1./(s+1).%p1;
elseif sysnr == 3
res = (1 - pixs)./(s + 1).°3;
elseif sysnr ==
Tes = exp(-pl+s)./(p2+*s + 1)./(p3+s + 1);
elseif sysnr ==
res = exp(-pl*s)*p2°2./(s.72 + 2#p2#p3es + p272);

elseif sysnr =< 6
Tes = exp(-pl*s)*p2-3+pd./(s + p2#p4)./(s8"2 + 24¢p2+p3*s + p2°2);
elseif sysnr == 7
res = 1./(s + 1)./(s*pl + 1)./(s%p1~2 + 1);
elseif sysnr == 8
res = 1./(s + 1)./(s¥p1 + 1)./(s*p1~2 + 1)./(s%p1~3 + 1);
elseif sysnr == 9
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res = (1 - s*p1/2)./(1 + s*p1/2)./(1 + p2+s);

elseif sysnr == 10
ros = exp(-pl¥s)./(1 + s¥p2)./(1 + s%p3)./(1 + s*pd);
olseif sysnr == 11

res = exp(-s*pl)./s./(s + 1);
elseif sysnr == 12

res = exp(-s*pl)./s./(p2+s + 1)./(p3*s + 1);
end;

solve

function xx = solve(str, y, x0, fol, tol)

%SOLVE Solves the equation £(x) = y.
If there is no solution, the value [] is returned, and no error is
signalled.

xx = SOLVE(str, y, x0, fol, tol)

Input arguments:

str - the function £(x) expressed as a string
y - value of f to solve for

x0 - the range searched by the routine

fol - first (1) or last solution (2)

tol - tolerance (default: deftol)

Output arguments:

xx - the x coordinate of the solution
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%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sweden

%

#LastEditDate : Thu Jan 7 13:38:18 1993

if nargin==4, tol = deftol; end;
¥ = xO+teps;
if fol==2, w = reverse(w); fol = 1; end; %hack

rt = evalx(str, w(1)) - y; r = rt;
if defprint, fprintf(’solve: %.4f ¥.4f\n’, w(1), rt + y); end;
rt = evalx(str, w(2)) - y; r = [r; ztl;
if defprint, fprintf(’solve: %.4f %.4f\n’, w(2), rt + y); end;
ix = 2;
while r(ix-1)+»r(ix)>0,
iz = ix + 1; if ix>length(w), break; end;
rt = evalx(str, w(ix)) - y; r = [r; rtl;
if defprint, fprintf(’solve: %.4f ¥%.4f\n’, w(ix), rt + y); end;
end
if iz>length(w),
xx = [];
if defprint,
fprintf(’solve: No solution in [%.4f %.42]1\n’, w(1), w(length(w)));
end;
return;
end;

find(r > 0);
find(r < 0);

tmpl
tmp2

if fol==2,
cl = tmpi(length(tmpl)); c¢2 = length(z);
if c1==¢2, tmp = tmp2; tmp2 = tmpl; tmpl = tmp;end;
ix1 = tmp1(length(tmpl)); ix2 = ix1 + 1;

else
cl = tmp2(1); c2 = 1;
if c1==c¢2, tmp = tmp2; tmp2 = tmpl; tmpl = tmp; end;
ix1 = tmp2(1); ix2 = ix1 - 1;

ond;

w(ix1);
w({ix2);
(a + b)/2;

a
b
c

if a > b, tmp = a; a = b; b = tmp; end; % a, ¢, b must be in increasing order



fa = evalx(str, a) - y; fb = evalx(str, b) - y;
vhile abs(b-a) > tol+abs(a+b),
c=(a+b)/2;
fc = evalx(str, ¢) - y;
if (£2>0 & fb>0 & fc>0) | (fa<0 & fb<O & £c<0), error(’error in solve’); end;
if fa*fc > 0, a = ¢; fa = fc; else b = ¢; fb = fc; end;
end;
Ix = G;

solveb

function xx = solveb(str, y, x0, fol, tol)

%SOLVEB Solves the equation £(x) = y

fol - first (1) or last solution (2)
tol - tolerance (default deftol();)
Output arguments:

xx =~ the x coordinate of the solution

% Hote thet this is a special version of solve used for PEASESOLVE*
% to get the phase computation right. This routine is slightly more
% inefficient than SOLVE.

*

% xx = SOLVEB(str, y, x0, fol, tol)

% Input arguments:

% str - the function £(x) expressed as a string

% y - velue of f to solve for

% x0 - the range searched by the routine

%

1

%

4

%Copyright (c) 1992 by Per Persson, Department of Automatic Comtrol,
%Lund Institute of Technology, Lund, Sweden

%
%LastEditDate : Thu Jan 7 13:38:18 1993

if nargin==4, tol = deftol; end;
w = x0(:);

r = evalx(str, w) - y;

tmpt = find(r > 0);

tmp2 = find(r < 0);

if fol==2,
c1l = tmpi(length(tmpl)); c2 = length(z);
if c1==c2, tmp = tmp2; tmp2 = tmpl; tmpl = tmp; end;
ixi=tmpl (length(tmpl)); ix2 = ixl + 1;

else
¢l = tmp2(1); c2 = 1;
if cl==c¢2, tmp = tmp2; tmp2 = tmpil; tmpl = tmp; end;
ixl = tmp2(1); ix2 = ix1 - 1;

end;

2 = w(ix1);
b = w(ix2);
c = (a + b)/2;

if a > b, tmp = ®8; a = b; b = tmp; end; % u, ¢, b must be in increasing order

while abs(b-a) > tol*abs(a+b),
c = (a+b)/2;
tmp = evalx(str, [linspace(x0(1),0.9+a,10)’;a;c;bl) - y;
% trick to get phase right
% must be computed simultaneously!
fa = tmp(11); fc = tmp(12);
if fa*fc > 0, 8 = c; else b = ¢; end;
end;
xx = ¢;

tf2str

function str = tf£2str(num, den)

4TF2STR Converts a transfer function to a text string representation.
%
% str = TF2STR(num, den)
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¥Copyright (c) 1992 by Per Persson, Department of Automatic Comtrol,
¥Lund Institute of Technology, Lund, Sweden

%
%LastEditDate : Tue Nov 10 11:18:27 1992

if length(num)==1,
str = [numtostr(num)];
else
str = ’polyval((’;
for ix = num, str = [str numtostr(ix) ! ’]}; emd; str(length(str)) = [];
str = [str '], s)?’ 1;
end;
if length(den)==1,
str = [str ’/’ numtostr(den)];
else
str = [str ?./polyval([’];
for ix = den, str = [str numtostr(ix) ? ’]; emnd; str(length(str)) = [];
str = [str ?], s)?']1;
end;

znlpi

function [k, ti] = znlpi(pstr, wOs, tol)

%Z¥1PI Design of a PI controller with Ziegler-Richols oscillating method.

[k, ti] = ZN1PI(pstr, w0s, tol)

[x, ti] = ZB1PI(pstr, wOs)

[k, ti] = ZN1PI(pstr)

Input arguments:

pstr - the process expressed as a string

w0s -~ the frequency interval vhere the phase is -pi
(default: [0.1:0.6:50])

tol - the tolerance of the solution (default: deftol())

OQutput arguments:

k, ti - PI parameters
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%Copyright (c) 1992 by Per Persson, Department of Automatic Comtrol,
%Lund Institute of Technology, Lund, Sveden

%
%LastEditDate : Fri Dec 11 16:37:03 1992

if nargin==2,
tol = deftol;

elseif nargin==1,
w0s = linspace(0.1, 5O, 100);
tol = deftol;

end;

w = psolveol(pstr, ’1’, -pi, wOs, tol);
) 4 P P

t0 = 2+%pi/w;
k¢ = abs(1/evals(pstr, i*w));
k = 0.4b+kc;
ti = $0/1.2;

znlpid

function [k, ti, td] = znipid(pstr, w0s, tol)

%ZE1PID Design of a PID controller with Ziegler-Nichols oscillating method.

*

% [k, ti, td] = ZNiPID(pstr, wOs, tol)

% [k, ti, td] = ZN1PID(pstr, wOs)

% [k, ti, td] = ZN1PID(pstr)

% Input arguments:

% pstr - the process expressed as a string

% w0s - the frequency interval where the phase is -pi
% (defaunlt: [0.1:0.5:60])

% tol - the tolerance of the solution (default: deftol)
4

Output arguments:



% k, ti, td - PID parameters
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if nargin==2,
tol = deftol;

elseif nargin==1,
w0s = linspace(0.1, 50, 100);
tol = deftol;

end;

v = psolveol(pstr, ’1’, -pi, wOs, tol);

t0 = 2#pi/v;
kc = abs(1/evals(pstr, i*w));

k = 0.6%kc;
ti = t0/2;
td = $0/8;

zn2pi

function [k, ti] = zn2pilkp, 1, %)

%ZN2PI Design of a PI controller with Ziegler-Nichols step response method.

Output arguments:
k, ti - PI parameters

%

% [k, ti] = ZN2PI(kp, 1, %)

% Input erguments:

% kp - process gain

% p - apparent time delay

% t - apparent time constant
%

%

%Copyright (c) 1992 by Per Persson, Department of Automatic Control,
%Lund Institute of Technology, Lund, Sweden

%
%LastEditDate : Sat Nov 7 11:18:33 1992

my = 1/%;
k = (0.9/my) /kp;
ti = 1a3;

zn2pid

fanction [k, ti, td] = zn2pid(kp, 1, t)
%2ZH2PID Design of a PID controller with Ziegler-Nichols step response method.

[k, ti, td] = ZN2PID(kp, 1, t)
Input arguments:

kp - process gain

1 - apparent time delay

t - mpparent time constant
Output arguments:

k, ti, td - PI parameters

o
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my = 1/%;

k = (1.2/my) /kp;
ti = 1*2;

td = 1%0.E;
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