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What's Control System Toolbox for T1-89

Control System Toolbox for TI-89 is a suite of specialized functions in Systems Control
created for the TI1-89 portable calculator by Loreto Paris among June and July 2002. This
software incorporates most of functions who cames with Control Toolbox of Matlabl] by

The MathWorks Inc.
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After installing ( see How To Install on page 8), to run the
program on your calculator, types CST/cst() from folder
MAIN and wait few seconds.

Thisisthe main screen of cst(). You can see several menus,
in which you can find al the function you need to work
with state space, linear and non — linear models, etc.,
grouped in alogical order.

If you have trouble to use any function, you can choose
help() from Other menu (F6), to run the useful on- line
help tool, which can be used instead of this reference guide
to obtain instant help. Note that this is a standalone
program so you can recal it typing CST/help() from
HOME.

To recall menus you can use Function-keys instead of
arrow keys. Then to choose a function, smply select it
typing the number or the letter on the left, or use the arrow
keysto navigate in the menu.
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Disclaimer
Copyright ©2002-2003 Loreto Parisi

This program is free software; you can redistribute it and/or modify it
under the terms of the GNU General Public License as published by the
Free Software Foundation; either version 2 of the License, or

(at your option) any later version.

This program is distributed in the hope that it will be useful, but WITHOUT

ANY WARRANTY; without even the implied warranty of MERCHANTABILITY or
FITNESS FOR A PARTICULAR PURPOSE. See the GNU General Public License for
more details.

Y ou should have received a copy of the GNU General Public License along with

this program; if not, write to the Free Software Foundation, Inc.,

59 Temple Place - Suite 330, Boston, MA 02111-1307, USA.

The Open Source Philosophy
If you have an apple and | have an apple and we exchange
apples then you and | will still each have one apple.
But if you have an idea and | have an idea and we exchange
these ideas, then each of us will have two ideas.

Thisisour way of thinkin'...

The CST Reference Guide ©2002-2003 Loreto Parisi
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How To Get Help
To get more help about CST for TI1-89 and/or to send comments, questions and

suggestions, you can contact me at

Loreto Paris
ViaAntonio Gramsci n°13
Alife(CE) 81011
Italy

or you can send me an e-mail to this address

loretoparis @libero.it

or visit my website at this URL

http://web.tiscali.it/loretoparisihome

Y ou can send me feedback from here:

http://web.tiscali.it/l oretoparisihome/f eedback

The CST Reference Guide ©2002-2003 Loreto Parisi
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How To Install

Use your linking software to send the program CSTxxx.89G on the calculator. All the files
are automatically placed in the folder CST. Once installation has occurred, do not move,
delete, or rename any of the functions and programs or pictures in the folder CST. All
filesincluded in folder CST are necessary to cst() to work right. For alist of files included
in thisfolder, see Contents.
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Run CSNinstall() from HOME. First install() will execute once all functions before
archiving them. Thistip will quitely increase execution speed.
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After archiving all functions, install() will run gstep() once before archiving it, so you
have to exit it pressing F7. The it will run cst() once before archiving it, so you have to
exit it pressing F6 then 5, or using arrow keys and select exit from Other menu (F6).
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To exit help() press F6 then 5 or select exit help() from Other menu (F6). After installation
you can deleteinstall() from CST folder. To run CST type CST\cst() from HOME.
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How to Upgrade

To upgrade CST, first send the upgrade group file CSTUPxxx.89G to the calculator. A
folder named CSTUP will appear in VAR-LINK menu. Please select and load the program
upgrade() from thisfolder. Thiswill run the upgrade tool.

Fl=| Fi= [Fi=| Fi=| FE FE= Fir [Fi=] Fl- Fir B
Taols|A13cbrafCalc|Okher |Framl0jclean Ur T ntFe] 3wstem Toalbox For TI-A9 T T TE
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The program starts searching previous version of CST on the calculator and show the new
upgrading version.If all informations are right, please select ENTER to upgrade.

Control Sustem Tnnlbnx. Control System Toolbox . Control System Tnnlbnx.
Upgrade Tool Ll e -~ Upgr-ade Tool
F C5T installed YES k ———  C5T installed YES
F Current wversion l.2.2 : - F Current wversion 1.2.2 «
b Upgrade to 1.2.3 ~ v Lh CENbersOkK W ESCSCANCEL 2/ v Upgrade to 1.2.3 -~
HEIEEEEEEEEEE
v Done v Done v Done YES
.. 32003 | bo Parizi .
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After upgrading, it it necessary to run once first archiving programs. So follow instruction
to run cst(), help() and gstep() — this only for CSTUP123.89G — and exit these programs.
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¥ Oone YES
Lot Loreto Parizi —— - .
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After upgrading, you can delete folder CSTUP and its contents. To run CST simply press
ENTER or type CST\cst() from HOME.
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The Systems menu (F1) contains al the functions to build
the model, using state-space or transfer function and to
perform conversions from one representation to another,
even from continuous time to discrete time model.

RN DEM
¢ ZEROS, POLES, G2
WS T

T =T

12!!2—2!!3 Lotreto Parizi

DEGAUTO FUHC

7| ss2tf(A,B,C,D,iu)

ks e o Te st Funglon Gives transfer function W(s)=C(sl-A)"'B+D from state-
space x = Ax+Bu , y=Cx+Du, relating to input iu (it works
on MIMO systems, but only one input at time).

=S| T

Input | |

Enter=0K 3 CESCZCAMCEL 1/
EZO0Z2=-2003 | oreto Parizi
CET I DEG AUTO FIJ_HII
tF2s(SYS)
= Convert transfer function SYS in the state-space
TransFer Function o Skate Srace representation X = Ax +Bu , y =Cx +Du, usi ng the
Wisa | ] . .
observability canonical form.
oA L = ofeto Pari
CET W DEG AUTO FIJ_HE

tf(NUM,DEN)
Calculates transfer function, where NUM and DEN are

e LIST of coefficients of numerator's and denominator’s
polynomial: NUM={by,, by,...,b,}, DEN={&,a,...a,}, SO
WA =2 ofreto o
CET MM DEG ALTD FUNC

n n-1
W(9)= bs +bs “+..+h,

n n-1 '
&S +tas T t..ta,

zpk(zeros,poles,gain)

Calculates transfer function W(s) in the zeros-poles-gain
| representation, where zeros, poles are LIST of zeros of

numerator and denominator (poles), while gain is NUM and

EZ002-2003 Loreto Farisi represents constant gain K.
LT I DEG AUTD FUNC Original version: Francesco Orabona
E-mail: bremen79@infinito.it
Homepage: _http://web.genie.it/utenti/b/bremen79/

Foles: |
Gain: |
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c2d(SYST,)

Converts continuous time model SY'S to the discrete time
model, using sample time 1. and different methods. ZOH
and FOH filters are implemented. Can use function
tconst(SYS) to determinate sample time T.. Use function
sampler(A,B,T,) to use ZOH method.

d2c(SYST,)

Converts discrete time model SY'S (in z) to the continuous
time model, using sample time T, and different methods:
ZOH and FOH filters are implemented. Can use function
tconst(SYS) to determinate sample time T.. Can save the
resulting continuous transfer function.

The CST Reference Guide ©2002-2003 Loreto Parisi
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Analysis
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The Analysismenu (F2) contains all the tools to analyze
the model you have created with Systems’ tools. Y ou can
also analyze different models, using different SY S at time.
Thiswill not change current transfer function.

poly(A)
This function calculates characteristic polynomial of matrix
A, as p(s)=Lsl-AL] where [#is determinat of a matrix.

pzmap(SYS)

This function calculates poles and zeros of given transfer
function SY S, where poles are zeros of denominator of
SYS.

damp(SYS
Calculate natural freguencies w,, and damping factors

for transfer function SY S, where wy=+/a,* +w,* and
—

(h= o

for eigenvalue A\, =a, + jowy,.
nh

dcgain(SYS
Calculates d.c. gain G for transfer function SY'S, as
G=limg_ ,W(9).

The CST Reference Guide ©2002-2003 Loreto Parisi
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gain(SyS
Calculates constant gain K for transfer function SY'S, as
K=limg_,s*® ™W(9, where ng and my are multiplicity of
zero roots for denominator and numerator.
tconst(SYS)
Calculates sample time T, and time constants 1;, T, and T,

1 1 2 . .
where 1; = TN = T and T, = Eﬂ while Tc= 0.1min{T;
y Th y Th} .
peak(SYS)

This function uses a proprietary numerical algorithm
to cal culate resonance peak Mp,=max ,M(w), where

M (w)=0W/(s) L, and relating frequency f,, whichis
M (2rtf,)=Mp.

tmmax(A)
Cal culates maximum time constant for characteristic
polynomial of matrix A, in continuous or discrete time,

where T = (continuous time) and

min(-0A;)

Trnax = W(Ilrb\—li (discrete time).

The CST Reference Guide ©2002-2003 Loreto Parisi
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The Dynamics menu (F3)contains functions concerning
dynamics of system for input, output and linearization of a
non- linear model, and frequency analysis yet.

trim(A,B,C,D,uo)
This function calculates the steady state Xo, relating to input
Up for state-space x = Ax+Bu , y =Cx +Du.

linmod(f,y,X,u,Xo,Up)

This function calculates linear model for non-inear model
assigned in terms of input equations f, such as
f={f1(x,u),...,fn(x,u)} and output equationsy, such as
y={yi(X,u),...yn(X,u)}, relating to constant input u, and
steady state X,. The jacobian matrixes can be

evalutated in Xq, Uy and the state-space can be saved, or

can be calculated in a symbolic way, before being

evalutated.

F
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Entsr=0F
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bodex(SYS)

This program, made by 92BROTHERS, plots Bode
diagrams of phase and magnitude and offers severa tools
to work with the plottoed diagrams.

Included in the suite CST for TI-89 with permission of
92BROTHER.

BodeX v.2.2.3

Copyright © 2000 92BROTHERS
For contacts please refers to:
e-mail: 92brothers@infinito.it
URL: http://www.92brothers.net/
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step(SYS)

Thistool calculates the step response for SY S, as

U*w.i(t) = L™(W(s)U/s), with amplitude U. It needs the
tool DiffEq v. 2.04 or next by Lars Frederiksen to perform
symbolic calculation of Laplace direct and inverse

transformation.

W2 GG E =2 A oreto Fa
CET WM DEG AlTOo FUML
Fi [FE| F? Fy FE [ FB | Fr
s1unchksimu1tﬂlup1uceLLup1uc;LﬂenJhe1p
l. Bazic equations
2. Diff. eq. solver
Z. Uerifuing results
4. Simultaneous eq solver
5. Laplace transformation
&. Inv Laplace transformati
¥. About

-
[FAIN EAD AUTH FLUNC E

w1 wikh skgpdT WO+

Enker=0K

oL — AL oreto H3
M DES AUTO FLUMLC

EZC=CAWCEL

Floks Ehe Sker ReSFonse

Ebep ReSPOnse: I I

Calculate paramekers? WO*
£ Enker=0K "3 £ ESC=CAMCEL 3

FZO02-2003 | oreto Pa
(=i DEG ALTD FUHL

DiffEq v. 2.04

Copyright © Lars Frederiksen
To contact please refersto
e-mail: I1tf @post8.tel e.dk

pstep(SYS)

This tool calculates characteristic parameter of step
response for transfer function SYS, such as T, Ty, Ts, Ty
and s. Step response w_4(t) can be specified or calculated
with step(SYS). It needs DiffEq v. 2.04 or next by Lars

Frederiksen (as above).

gstep(w_1(t))

This tool plots the step response w_1(t) calculated with
step(SYS) or specified directly. Can use pstep(SYS) to
evalutate w_1(t) in itstypical parameters. Using parameters
it applies the auto-scaling feature to obtain the correct

zoom factor for the plot.

The CST Reference Guide ©2002-2003 Loreto Parisi


mailto:ltf@post8.tele.dk

Control System Toolbox for TI-89 — The CST Reference Guide 4" edition

Data
Fir Fr LT FE~| FB~
suskems DvnariCs LG Too1s|0kher

»
1allisn

Transfer Function

_1
=+ 10

DEGAUTO FLUHC

|

Dizcrete Transter Function
.1
- .95

DEGHUTO FLUMC

|

Step Response
E'iﬂ-t
1-.10 -

14

F P -
wh PR I Rl

State Space
A=

-1@

B=

1

[CET DEGAUTO FUMC

e

17

The Data menu (F4) gives access to current transfer
function W(s), its discrete model W(z), the step response
w-1(t), the current state space and magnitude and phase of
W(s) or W(2).

W(s)

Displays the current transfer function. SYS refersto it in
al calculations of current session of CST, once you've
calculated it with one of the tools of Systems menu.

W(2)

The discrete transfer function W(z), defined with
c2d(SY S), Tc) using the current continuos transfer function
W(s) or by sampler(A,B,Tc) using the current state space.

W_1(t)
Shows the current step response obtained with step(SYS).

State Space
It displays the current state space, as defined from one of
tools of System menu.
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Enter=0F

8L = L
KEAD AUTO

EZC=CAMCEL

FURC

K5 5@@ |
Hiz): |Lods(z- 805

Dopain? Laplact +

Enker=0K

FAD ALTO

EZC=CAWCEL

FLUMLC

Madnituds

K5
Kz |0l (z-. 805
i

Dordin? Laplacs: +

Enktgr =0k

Caeininpeayinn
CET KEAD ALTO

ESCSCAMCEL

FURE

. (AT
Bz [olA0z- 905

cai: |
Dormain? Laplacs
Enkter=0kK ESC=CAMCEL 3
A=A o-eto Fa
CET FAD AUTO FUHC

OW(w)O
Displays magnitude of transfer function W(e) in Laplace
domain ( for W(s) ) and even in domain Z (for W(z) ).

OW(w)
Displays phase of transfer function W(¢) in Laplace
domain (for W(s) ) and even in domain Z (for W(z) ).

mag(SYS wo)

Calculates magnitude of SYS in Laplace domain ( for
W(s)) and even in domain Z (for W(z) ), relating to .

phase(SYS, wo)
Calculates phase of SYSin Laplace domain ( for W(s)) and
even in domain Z (for W(z) ), relating to wy.
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F3r 5l Fo-
Dunarmics Tools LTS

Hl = Tals \
{ JipoluzZs{C:x
%=Elgenu{H}
&

ispectreCAl

tzampleriH,B, Tca
rirouthoCxl
glpolucof CEXPE, VAR

AL — A oreto Ha
DEGAUTO FUMC

Folgs of FLEY R

Fl¢ass insekk CocfFicients a5 LIET

Enter=0K ESC=CHMCEL a )/
Caeininpeayinn oreto H3
CET M DEG AUTO FLUHC

S e S A e ol o T o N |

Eandwidth of IH(ZTTF)

Hisx: | |
£ Enter=0K A f EZC=CAMCEL A
N

Wl la

oL = oreto H
CET

I DEG AUTO FLUMC

From = ba 5 Polenamial Conversion

Flease inserk Cogfficients a5 LIET

Enter=0K EZC=CAMCEL

o — L oreto H3
CiT M DEG ALTO FLUHC

S e S A e ol o T o N |

Eidgnualugs and idenugckors

f EZC=CAMCEL A

Wl la

| H:
£ Enter=0K A
N

oL = oreto H3
CET I DEG AUTO FLUMC
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The Tools menu (F5) offers several useful functions to
complete the analysis of the model you're working and to
give more detailed information about it. Moreover presents
different tools for discrete systems and finite state systems.

cpoles(Cx)
It calculates zeros of polinomya given as LIST of
coefficients, Cx.

band(SYS)

This function uses a numerical algorithm and severd
preexistent formulas to calculate bandwith of system with
transfer function SYS. It calculates f;, fs, where B=[f;f], f;
(resonance frequency ) and M, ( resonance peak).

polyz2s(CX)

This tool calculates the continuous polynomia q(s),
relating to discrete polynomial p(z), assigned in terms of its
coefficients LIST, Cx, using the formula

CI(S) = (S_l)n p(2) L5t

1

eingev(A)
It calculates elgenvalues and elgenvectors of matrix A.
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spectre(A)

Thistool calculates the spectral decomposition of matrix A,
even in the continuous ( €") and in the discrete time ( A¥),
relating to real eigenvalues and complex eigenvalues.

SpgctFal Decompasikion of makrix A

Timge Continuous 3+

Enter=0K EZC=CAMCEL /I

oL = oreto H3
CET I DEG AUTO FLUMC

The spectral decomposition of matrix A is

Ocosw,t  sinw,thy, 10

vl v

At _ At T ot a . .

et =Y u€eiv + Z(u enrg . 1 (continuous time)
IZ T2 e WX TR singo t cosaytv, T H

W v OcosO k sin® koby, TO :
k — ky, T k h h ha
A .Z UA v + hE: (Ua  Unp)Pn H—sinehk cosethEvhbT% (discretetime)

relating to real p eigenvalues A; and 2u complex eigenvalues A, =ay, * jw, = p,e*®" and
the relating eigenvector u; and uUp=UpstUpp.

e ]| sampler(AB,T.)
This function performs the discrete time conversion of
E: |1

e T | continuous time model with state-space x=Ax+Bu at
SarpTind bt with EEomaEG T HE &ample time T, us ng the ZOH (Zero Order Hol d) method.

Laug discF ek LFansFer FURCEion T Mo 3 . . . .
It permits to use sample time T, calculated with function
0EZ-2003 Loreto Parisi tconst(SYS) for current transfer function SYS. It can save

KAD ALTO FLUMC

the resulting discrete transfer function W(z).

routh(Cx)
It calculates the Routh matrix for polynomial assigned with
its coefficients LIST, Cx.

Foukh Makrix

Flease insert cogfficients a5 LIST
Enter=0K EZC=CAMCEL
— ————
o — AL oretg H

C3T M DES AUTO FLUMLC
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poly2cof(expr,var)

_ _ Gives the LIST of coefficients of the polynomial given in
PMP:FIFA:-M Foltniid] ke SogFFicitnks I expr |n the Varlable Var ]
variable: | — Function poly2cof(expr,var) included in CST for TI1-89 with
B> CEENEL permission of Francesco Orabona. For contacts:

A7 A7 =700 o Papici E-mail: bremen79@infinito.it
I [T MG T Homepage: _http://web.genie.it/utenti/b/bremen79/

rts2poly(roots)

Builds the polynomial with rootsassigned as LIST.
Function rts2poly(roots) included in CST for TI-89 with
permission of Chadd L. Easterday. For contacts:

Email: easterday @mindspring.com

Fipaks Eo ol ngmidl

Inserk Fooks as LIZT

Enksr=0F

EZC=CAMCEL

o — L oreto H3
CiT M DEG ALTO FLUHC
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Other

ot )
HS-
tSettings
Help
About.
SiExit
wl.2.3

ot
4:

AL — A oreto Ha
[CET ERD AUTO FUMC

Fi~| FE=|F3
Load]Faus|Exit

COMTREDOL
SYSTEM
TOOLEBORM®

ul. 2

202 Loreto Parisi
DEG AUTO FUHNC

li:Sez=ion

iState Space ]
ZiTranster Function
4iStep Response
SiBode diagram

Wwla2.3

oL = oreto H3
KAD ALTO

C 0O b T o0 |

Load sessian

Fress Enker bo Toad g sawed Se55ion.

£ Enter=OK Ac ESCSCAMCEL 3

(0] niainln ofreto H
CET

I FAD AUTO FLUHC

Fi-] Fex| F FY Fir]| FE~ |FFA#5:
Load Shake Space R
H:
E:
[
[1H
Fath: | |
Fleass sPeciFe abseluts path,
I oFreto Fariz=i

CET I DEGALTO FUMC
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The Other menu (F6) gives tools to manage files, the
current working session, the Settings, to access to on-line
help tool with help(), some information about CST, and the
way to exit CST.

The File toolbox gives access to the File & Session
Management. Here you can load and save the current
working session, the State Space, the Transfer Function,
the Step Response and bode diagram obtained with
bodex(SYS). There are three menus Load, Save and Exit.
Exit menu (F3) brings to the previous tool box.

The Load menu (F1) permits to load the current working
session, the State Space, Transfer Function, Step Responde
and bode diagrams from the specified path.

Load session

Loads the current working session (i.e. transfer functions
W(s) and W(z),State space, w_1(t), Tc, step response
parameters,ecc.) previously saved. It overwrites al the
existing values for the current session. Be carefull.

Load Sate Space

To load state space matrixes A,B,C,D from specified path.
Please use absolute path. For example, if your dynamic
matrix A is stored in main as dyn, you have to input dynin
A input field and main as path. All matrixes should be in
the same path.
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Load Transfer Funckion K

W
Fath: | |
Fleass sFecif absaluks Fath.

Enter=0K EZC=CAWCEL

E2E02 Loreto Parisi
CET BGE DEG ALUTO FUNL

Load Skep ReSronse R

ZTEF narme: | ]
Fath: [ |
Fledse SPeciF absolute Fath.

Enter=0K EZC=CAMCEL

202 Loreto Parisi
CET BGE DEG ALTO FUNC

Fleasse speciFy absaluts pakh.

Enter=OK EZC=CAMCEL

-1 = ofreto I
I FAD AUTO FUHE

[FRA Fi- [
Load b IERE ik

anster Function
cp Eesponse
T

oF
:\\ L= L= | = | = L= Ol
U vl.2.3

oL = oreto H3
[LET FEAD ALTO FLUMC

pace

m C 0O b T o0 |

Saug SeESian
Press Enker bo Saus CUFFEnk SeE5ian.

ESC=CAMCEL

S T =.
RZO0Z—200 oreto Pa
C3T WG FHD AUTD FUHLE
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Load Transfer Function
Permits to load Transfer Function from specified path.

Load Step Response
Permits to load the Step Response from specified path.

Load Bode diagram

This tools permits to load a picture stored in CST folder.
It's aid is in displaying Bode plots, created with bodex()
first, and estimating the diagrams in a assigned frequency

Wo.

The Save menu (F2) permits to save the current working
session, the State Space, Transfer Function, Step Responde
into a specified path.

Save session

It saves the current working session (i.e. transfer functions
W(s) and W(z),State space, w_1(t), Tc, step response
parameters,ecc.).
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e

Faueg fhakg Spacs

A namg:
E namg:
Cnamg:
D name:

Fath: | |
£ Enter=0K A f EZC=CAMCEL A

202 Loreto Parisi

I DEG AUTO FLUMC

Saug TFAnsF¢r FUnckion R

Y5 name: | |

Fath: [ |
Fleass seeciFe absaluks path.

Enksr=0F

EZC=CAMCEL

202 Loreto Parisi

I DEG AUTO FLUMC

Saue Shep ResFonte "y

STEF name: | ]
Fath: | |
Fledsc SFeCiFY abselut Fath.

Enker=0K

EZC=CAWCEL

E2E02 Loreto Parisi

L3

T

M DES AUTO FLUMLC

Caininpeiayeinin oreto H

: Zekbinds u

DisF1a Didits... FLOAT 1%
Results...

DEGREE *
£ Enter=OK Ac ESCSCAMCEL 3

M EAD AUTO FUMC

5T
Fi- | Fi- | Fir |Fi=| FEx| FG=
Swskems|AnaTvsis| Dy narmics|Data| Tea1s|0khgr
CONTROL
SVYSTER
TOOLEBDOR
HELF
wl.2.3
FZO0Z2-2002 Loreto Pari
i DEGALTD FUHC

Save Sate Space. Permits to save current State Space into
the specified path, using given names.

Save Transfer Function. To save current transfer function
into the specified path, using given name. The current SYS
results from Data menu (F4).

Save Sep Response. To save currrent step response into the
specified path, using give name. The current step results
from Data menu (F4).

Settings
It permits to modify some settings of the calculator, such as
the display digits, the angle, and the format of results.

help()
The program help() loads the on-line help tool, which gives

an instant help on all the functions of CST suite.
Note that help() is a standalone program also, so you can
recall it from HOME, typing CST/help().
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Shake Fpace To Transfer Funckion

SEZRFCASESCaDaiu)
Ta obkain EPansFer Funckion Bisi=Cosl-A1-1E+D
From skake SFACE x1=AX+EL ¥=CE+0U

Felakind ba input i

Enter=0K ESC=CANCEL
wl. 2.2
FIOOZ-Z2003 Loreto Pari
CsT  EEEEGAUTO FUNC

Fi-| Fe=| F¥ | F4 | FE=]| F&=
T antral Svstem Toulbox For TI-BS

FReTease

1.2.7 Ockabgr 200z

FCankacks

Tarekoparisialibera.it

FCET sUpFort and uparades

hELp:d Fgb Eiscaliik Tor ¢boFarisihamg

EEO0Z=z00% Loreba Farisi.

e Enter=0K A r ESC=CAMCEL A
oL = oreto H izi

CET I DEG AUTO FLUMC

m C_ 0O b T o0 |

Conkrol Swskerm Toglbax
CanFiFm ¢xik? 5

£ Enter=OK Ac ESCSCAMCEL 3
N i

oL — AL oreto H3
C3T M DES AUTO FLUMLC

Fi=] F&= [F3=| Fi= | FE FB~
Tools|ildckbralCalc|Other [Framl0|Clean Ur

B ostosti) Oone

FMAIM DEGAUTO FUMC 1.0

help()
To get help, smply choose a function from one of the

menus and you' || get some information about it.

About
Gives the current version of CST for TI-89, the way to
contact the author and to obtain support and upgrades.

Exit
Exit Control System Toolbox for TI-89. All previous
settings of the calculator will be restored.

cst()
Enjoyed the journey ?
WEe'll be pleased.
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Examples

Example 1. First order LPF
Considers a sample low passfilter, with transfer function W(s)=

See what can be donein CST.

s+10°

First of al, we'll define the current transfer function. From
Systems menu (F1) choose CST function tf(NUM,DEN)
where NUM=1 and DEN={1,10}.

TransFgk Funckion

Den: L1010
Fléease insePE CocfFFidients a5 LIST

Enter=0K ESCSCAMCEL

oL = oreto H3
CET DEGHUTO FLUMC

This stores s+ilo as the current transfer function SY S.

Calculating Wish...
1
=+ 10
[ DEG AUTO FUNC FAUE

To get relating state-space, now we'll use function
tf2ss(SYS), where SYS is the current transfer function,

S S A e N o Y o N |

| automatically showned in the input field.

Enter=0K EZCCAMCEL

2002 Loreto Pariszi
CaT BGE DEG ALTO FUNC

S P ) I AECO IO After calculation of all matrixes, they will be the current
Calculating... state space.

A=

-10

B=

1
[ DEG AUTO FUNC FAUE
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From Conkinuous ko discrebe bime meds]

kCsh: Ii.-'lis-i-il:l:l I
sampelind timg: |

Mekhod Tuskin*

ZameTind bipg wikh Econst) PR+

£ _Enker=0K A f_EZC=CAMCEL A

oL = oreto H3
CET I DEG AUTO FLUMC

Calculating Wza.
LRS-z + 1)

z - .9035
sampling Lime Toc=.01

FLUMC

DEG ALTO

S S A e N o Y o N |

Foles and 2eFos oF Bis)

I 15 +100) |
Enter=OF ESCZCANCEL

E2E02 Loreto Parisi
BGE DEG ALUTO FUNL

C3T

Ealculat1hg
Fole= =
Ll I O
Zeros 1!

L

DEGAUTO FUMC

O.C. Gain of Wislh.
G=.1
1G1dB="-20.

DEGAUTO FLUHC
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If you need to obtain the discrete model of —10 use

c2d(SYST,) where SYS=w and T. the sample time
desidered. We'll use tconst(SYS) to get T. and ‘Tustin’
bilinear transformation as method.

Here is the discrete time model with sample time T, from
tconst(SYS) and ‘ Tustin’ method.

Now, we'll gonna calculate poles and zeros of

s+10’
considering that it is stored in w. From Analysis menu (F2)
we'll choose pzmap(SYS) where SY Sis the current transfer
function.

We have one pole at 10 rad/sec and no zeros.

With functi on dcgain(SYS) we have calculated the d.c. gain

of —10 which results —20 dB.

The CST Reference Guide ©2002-2003 Loreto Parisi



Control System Toolbox for TI-89 — The CST Reference Guide 4" edition 28

Calculating...

Mp=.1

CHMpidB=-20. dBE

fr=.139 Hz

[ DEG AUTO FUNC FAUE

Eoded w.2.2.% by B2EROTHERS "

kis):

Delav: |0 |
cx min: [AUTO |
cx max: [AUTO |

Enter=0K___ ¢ ESC=CANCEL 3

~— @202 Loreto Parisi

CET I DEG AUTO FLUMC

In the same way, with function peak(SYS) we'll obtain the
resonance peak Mp ( in this case it matches with previous
d.c. gain G) and relating resonance frequency f, that results
159 Hz.

From Dynamics menu (F3) we'll going to plot Bode
diagrams with function bodex(SYS), courtesy of
92BROTHERS. We'll use w and 0.01 and 100 as transfer

function, wmin and wma Current SYS is automatically
showned in the W(s) input field.

[ TFos . d

EiiT|2hara|MAG FRASEINE| OGS [FILE
y ~Feeiatdeg-7| Now we'll save those plots

1., and exit bodex().

We can calculate the step

-lg-t
£
1410 - ——7—
[ EAD AUTO FUHC FlE |

Step Eesponse parameters response using step(SYS),

Te=.07 zec
Toz. 2% sec then we could calculate the

Ta=.3 zec relating parameters using
TP;"’ ses function pstep(SYS).

==k, A

[ RAD AUTO FUHC [FAUE |

To get steady state we'll use function trim(A,B,C, D,ug). Notice that xO and yO matches
with w_q(t).

Fio] - JTEC] Dae] TE i
T o DT Lo O YN e

Steady Skake paramekers

|I';PIJ|Z= I I
202 Loreto Parisi

Calculating...
Steady State
[1-13]

Out.put.

[1-13]

LT EAD AUTO FUHE FALZE |

CET I DEGALTO FUMC
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Fio] Fo- JTE] Pue] P R Fio] Fr- [FEe] iue] I Faiv Fio| Fr- [rEe| Dae] Th 5ii-
~.-=.s-.Ir-.r.ua~==J::-;:J¢>.-=-.:I=>: ?:‘--:EEI:Z':-:;:'- ss:I ":-\."'-E'.].E":.:-\.?"?"":].l:'.i=~.I$"-":-.=I=": ?:‘--:EEI:Z':-:;:'- ss:I T—[i:?jljf;_r I?: ?:‘--:EEI:Z':-:;:'- ss:I
Calculating... Calculating... Fr«:._"-,.jer,
ti=0 Figl = Mp=undaf
f=={1.59,1.59> §== Calculake Me and fr with Feakio? .

- i calculating...
fr=undef fr= Mp=.1
Mp=undef Mp=undet (MprdE=-20. dE
fr=.159 Hz
i1 EAD AUTD FUNC ITHA (ST e Eap Auto FUNC eran] [CET EAD AUTD FUNC FALSE]|

We have calculated the bandwith choosing band(SYS) from Tools menu (F5). Notice that
Mp and f, results from peak(SYS) when band(SYS) fails.

Fao] Frm [P B e ] % LHE Fas] Frm B e | % LR
PO P . e A i SN A . e A

R L e R e S S o ek With  spectre(A) we'll
Calculatinge.. Calculating. .. . At K
Real eigenvalues Feal eigenvalues O]Ptalenale Iand A .hBecause
[ 1] [10.3% coscz. 141 +(1a.kp| O FEA POl&, we have not
Complex eiqervalues Complex eigervalues Complex expansion.
e @

T Calculating...
L 3| |Ad=
fampling Time: [01 Wlisk: M—_| L.303]
SarpTind birv with LConskil No & Enter=ik ESCSCAMCEL Bol=
Enter=0K EZC=LANCEL ’ [.@1]
EZOOZ—2003 | areto Parisi 2002 Loreto Parisi
T B FiD AUTO FUHLC [C2T WM [EG ALTO FURC T RAD AUTO FUHC FlZE

Here we have obtained discrete model of S+—110, using ZOH method. Notice that only if

we use tconst(SYS) we need to specify transfer function ( this because we would like to
work with atransfer function different from the current one).

F FY
Trace|Redrarh

Fir
Tonls
=0,

FEe |Fr
OFaw|Fen
= b, dE~
1 1 III'!.\I

[
\h

From Load menu (F1) we'll choose Picture to load previous magnitude Bode plot. Here
we can evalutate magnitude ( or phase ) a w choosing from Data menu (F1) function

mag(SYS o).

=LA TF s a Tan, dbed

Loagd a Fickurs

-
Fath: |mdgin 1radds 1 -zi. dE
Fliase sFecif* absolute Fath. ;:‘_:'FHMQHDK

Enter=0K EZC=CAWCEL

2002200 oreto Pa i . L
5T B FAD AUTO FUHL I= RAD ALUTD FUHC
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Example 2. Linearization

D Xy = X
2
Now consider anon linear model: [lxz—x1 x,2 + U. To work with it, we need to linearize
O
0 y=X

around a steady state X relating to constant input ug. First, we have to calculate the steady

oo, . .
state Xo. It results: Xo= H)H for input up=0. Now in CST we have:

Il - Lifgdr mde] ak xiaui W || i
Shate eau: [Lxzsxi-xe z+ulr — -
Output equ: [Lxid At | Gl ula=
Fhake wars: |{xdexzd (-
Oukpuk wars: [fulr
Sheady State x0: [L0,0F 1 o s | (B, Ul =
Constank input ui: dfodul Cxd, uta= [1 o]
EvalukateT Yes+
saug gtots space WEHH i dusdu ] CxB, ul =
\, SEnter =k K ESCCANCEL 3./ 1 [E]
(&3 W DEG AUTO FUNC &5 DEG ALUTD FURC___ Tanma]  Je=T DEGAUTD AT F 11 E |

From Dynaml cs menu (F3) we choose linmod(f,y,X,u,Xq,Up) Where we have

f={ Xo,X1-X2"+Ur}, Y={ X1}, X={X1,X2}, u={us}, Xo={0,0} and u,={0}. We have decided to
evalutate jacobian matrixex in Xo and Uy to save the state-space of obtained linearized
model. Now, we can get transfer function of this new model, that is a approximation of
non-linear model above around X and up:

EEEA I M PO I M 8 G

w00 101011 Calculating Wislh... Calculating...
E: (L0101 1 Hatural fregquencd on
c: [[rLa1d 52_ 1. an=i1.,1.3
- ] Damping factor <
cEnter=0K___a ¢ EEC=CANCEL 3, C={1.,-1.%+
2002 Loreto Parisi
CET B (EG ALTD FUNC [ DEG AUTO FUNC [FruzEl i DEG AUTD FURC FALZE]

For this linear model, we'll get natural frequencies w,, and damping factors (., using
function damp(SYS) from Analysis menu (F2). Now we' |l use band(SYS):
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:;-I ERE Is'avI s'wI % I 5 I
vonp|anisrealia et | el

Fi- rsz F= Fi | FE=| FBe [FR=]f5 Fio| Fr- JiEe| Lae] Th e
T-:--:-1JE-:--:-M Tr'uctIRtﬂruphIHuthIDruthn i ‘:-.--'-E'.].E‘:.h.. =-'-':].::-.::a.].$=':-.:].-‘-‘: ?:‘--:EEI:Z':-: < EE:I
AL T oM oA Calculating...
- Bandwidth of HCETTE N Fi={
His): f=={.102,.102%
¢ EZC=CANCEL 1 -
ESC=CAMLCEL Freundef
Mp=undet
2002 Loreto Parisi
=1 B [EG AOTO FUNL LET DEGAUTD FINC FALSE]|

T=—we LS, o TLLY
tr=undet
Mp=undet
Calculating...
Mp=.99
LMpadB=-.087 dB

fr=.016 H=
2T DEGAUTO

FUMC  TaMEY

Now we'll use spectre(SYS) from Tools menu (F5) to calculate the spectral decomposition

of matrix A:

Fi-| Fz=| F= Fu_ | FE=] FB= [Fr-|f5
Tools|2aon|Trace|Redr arh|Math|Draw|Fen]:-:

Fio| Fr- JiEe| Lae] Th e
vonp|anisrealdd et e el

Fio| Fr- JiEe| Lae] Th e
vonp|anisrealdd et e el

- Speckial Decampasikion of makrix A

Calculating...
Eeal eiagenvaluess

e . [ t, =5 t_ .5
Time Conkinuous - < - - -
€ €
o .S-Et—J%-.S-et+JE-
2002 Loreto Parisi = =
=1 B OEGAUTO FUHC =T DEGAUTD FUNC FAUZE |

.5-et+'—i .5-et =
& &
5oetesd

U =
e T

E"t' &

Complex eigenvalues

0]
CET

BEGAUTO FLNE FALZE |

To verify if the model is stable we can ssimply calculate poles of transfer function with

pzmap(SYS):

Fi-| Fz=| F= Fu_ | FE=] FB= [Fr-|f5 Fio| Fr- [TEe] Tee] Th T
Tools|2aon|Trace|Redr arh|Math|Draw|Fen]:-: LA FOHE N HCHE et TR EF PR el T
A MU T oM e Calculating...
- Foles and 2eras of g A lPales <
blish: t-1. 1.+
¢ ESC=CAMLCEL 3
Zetos 1!
T
2002 Loreto Parisi
LT B DEG ANTO FUNC i1 DEGAUTD FUNC FALISE]
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As we can see, there is a
positive pole who causes
instability of the model.
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Example 3. 3 order LPF

Consider a 3" order low pass filter W(s)=—

Fir| Fe=| F¥ [ F4 ] F5e[ FE=|Fre7i
Tools|2aon|Trace|Redr arh|Math|Draw|Fen]:-:

10000000

s’ +1010s” + 30000s + 10100000

Fio| fo- [TEe] o] i3 R
SR AU LIV PO PR R

- Tranfer Funckion Calculating Wish...
Hur: [1E7 1.€ev .
Den: [L0L0uz0000101 3 -z ] F
Flease iserk coefFicients az LIET s7+1010-5° + 30000 =5 + 101
2002 Loreto Parisi
[:]  ECEUEGAUTO FLUNC CiT DEGAUTH FLUNC FALISE]

ok Ir-; o J:?f:jﬁ b I?: E;.i.:ssI::':fé L I
Calculating...

A=

[0 O -loilcooon

1 0 -30o

o 1 -1Gid

Tl DEG AUTH FIUNE FAUZE |

Fio| Fro JrEe] Pae] T4 i
vonnfar i realds b e e s

Fio| Fr- [FEe] Tee] T4 il
EPT] CRRNETEN A PSP PRV T

Fio| Fro JrEe] Pae] T4 i
vonnfar i realds b e e s

Calculating...

1.7 Hatural frequencd wan
a _ =390, ,101.,181. %
@ [0 o 1] Damping factor <
e _ £={1.,.099,.099}
0o 1] o]
CET DEGAUTO FLHE e =T DEGAUTO FLHE IMEd [T DEGAUTO FLHE FALZE |
ok ;'-_I:._a_ff;fw]f:f:f_hi':._”: ].?:E;*diil.::'::i'-.EE:I | A e e e L rrleI zﬁﬁa MAEFHASE |E|IHJIT|JF|15|:5EEE
D.C. Gain of Wisr... 0 ﬂ""'.‘_q~ [Fi=3T30, dB-d) (0. M Fiz 5 degsd
G=. 99 ol il '43-
|G dE=-. 56 ey W “He
4d|-;ﬂ$= -135. 1]
-E.ﬂ.. b N 180, t =uy
s8e- OB el [ I e TR [-22s: Tl Tees el
CET DEGAUTO FLHE e [CET DEGHUTO 3 CET DEGAIT FLIHE

ZF =
il

100 Fadfses E 14 dE -9 100 Fadisec -an, 0 | T4 Gt dain K=o ARE dE |
-1, «Enter=0k A CEnker=OE__» y
3 = n -&i <1

o JfIl_Tp o L ]

- -a0. 3
2223 T e, - el s Pl ee. [ 1. ez) 1T
CET W DEG AUT FUNC CiT B DEGAUTO FUHC
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ok Ir-F o J:?f:jﬁ b I?: E;.i.:ssI::':fé ss:I ok Ir-r o J:?f:jﬁ iy I?: E;i.:ssI::'::é ss:I ! Ir-.r.fi e J:Ef:jﬁ oy I?. E-;:.i.:ssI::':i. ss:I
Characteristic Polunomial Coefficients... 1 3. ed oo
=2+ 1,013 22+ 3. gd-=+ 1. [f1.-1.01E3,3. 64, 1. 0172 1.01e3 1.01ef 0O @
2.ed 0] oo
0] 0] oo
5T DEGAUTO FUMC — [a0H  [EET DEGAUTD FUNC — TaMHY [EET DEGAUTO T TR i E |
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T.FZ | F4 [ FE=] FE~ 'a
Skeady Ztaks paramgkers

Fie| Fo- JTEe[ e[ T
tenbfgnipraldan fobn g

% I R I
P e

Fio| Fr- [TEe] Tee] Th i
vonp|anisrealia et | el

Steady State

A:
E b [ 2. 97 Ed
[ [
o 3 1.3
Inpuk: [i 1 | .99
CEECZERNCEL )| |Oytput
E2E02 Loreto Parisi . 29]
3T  EECEDEGAUTO FUHC Loy DEGHUTD FUHC

Calculating LAchcsall s, ..
—oogee 1t coartma, b - LB

LT EAD AUTO FUHE FALZE]

r;-I CRE I?;»I T I % I Fii- I
enani mealien Jabn [ vl o

=
Fom] Fr= PR e
LR AR ! DR b T

B I R I
R DL

Fio] Fo- JTE] Pue] P i
T N o BT s ] T YR PPt

Calculating...
TMmax=.1 zec

LT DEGAUTO FUHE FALZE |

—
-

Fir| Fer| FZ 4 FEr| For |Fre#i
Tools|2oom|Tracg|Re3r aphjMath|Dr aw|Fen|:-:

Calculating...

Tc=1.01e-4
Ti={. 0ol
Th={. 1%
Th=1{.0&2%

C5T DEGAUTD

AT T F i< E |

Calculating Wizs...
1,236 (z+17°

z%-2,9.z2+2.81 -z - . 903
sampling time Tcoc=1.01le-4

-
Fro] Fo- [P Ee| e
LSO Nt DREER e T [

i ]’ LB ]’
BT e i

P T N B o o B B
- Eidenualugs and eidgnueckaors

Eiqervaluss Al
f-1@. + 1601, -4

T Eigernvectors ui

g EXC=CAMCEL 3 1 i
] 002 - .01 002 + b
E2E02 Loreto Parisi| |9.9e-F - 9.95e-6-4 9.9e-F
[ | BW DEG AUTO FUHE CET DEGAUTO FUHE FALZE |

-la, - 1a1, b
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LET DEG AUTO FUNE FALZE]|
ok Ir-F o J:?f:jﬁ iy I?: E;i.:ssI::':fé L I
LOEZ2-.01-4 LOEZ + B
| 9. 9E-F - 9.95e6-1 9.9€e-TF
T4 Eigenvectors wiTl

[.495 - . 101-1 5.2+ 5@
495+ 010114 S5.2-50k
11 -3 06e-15-4 -10.4 -
5T DEG AUTO FUHC FALZE]|
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Example 4. 2™ order LPF

Consider a2™ order low pass filter W(s)= 2

Fi FZ F4 i
Tools|Zeom|Trace|Re3rarh|Hath|Dr aw|Fen|:-.

1

+s+100 ’

Fi Fz F4 i
Tools|2eom|Track|Rs3rarh|Hath|DFaw|Fen|:-.

34

Transfgr Function

Calculating Wis>...
1

Den: [£1o1s100%

Fleass inserk cogFficients as LIZT

Enter=OK EZC=CHMCEL

EZOEZ2 Loreto Parisi

=<2+ 5+ 100

=

BEG AUTO FUNE

(i DEG ALTO FUINE

e

P T s N o T o N |

Transfer Funckion ko Skake Zpdcg

IS 1052 +5+100)] |
CEnter=0K___ - ©EZC=CAMCEL
LV

EZO0Z Loreto Parisi

CET G DEG AUTO

FINT

First, we'll define transfer function and cal cul ates state-space representation:

Fio] Fr- [FEe] iue] I i
venperimea]ia foba el

[

ok Ir-F o J:?f:jﬁ b I?: E;.i.:ssI::':fé L I

A=

[0 'IDD]

1 -1

B=

-1]

0]

5T DEGAUTO T TR i E |

1 -1 J

|

o 1]
[

BEGAUTO FLNE FALZE |

1 Ir-; o e
-1]
0]
[0 13
3
LT DEGAUTO FUHC

Now we'll get the characteristic polynomial, natural frequency and damping factor:

Fio] - JTEC] Pue] TE i
T N o BT s ] T YR PPt

Fio] Fr- [FEe] fae] T i
venperimea]ia foba el

Characteristic Polunomial
=2+ = + 100,

£3T

DEGAUTO FLNE FALZE |

Calculating...
Matural freguencd wn
wn=L10., 10, %

Damping factor <
C={. 05, .05

CET

BEGAUTO FLNE FALZE |

Then we'll calculate maximum time constant, sample time and other time constants, and
the discrete model relating to previous sample time with Tustin method:

Fio] - JTEC] Pue] TE i
T N o BT s ] T YR PPt

Fio] Fr- [FEe] fae] T i
venperimea]ia foba el

Fio| Fr- [ Ee| Lae] Th e
vonpanilpeald et | el s

1

Calculating...
Tmax=.434 zec

LT DEGAUTO FUHE FALZE |

Calculating...

Tc=.063
Ti={0
Th=1{2.2
Th="{. 6282

CET DEGAUTD FUHC

The CST Reference Guide ©2002-2003 Loreto Parisi

Calculating Wizs...
8.78e-4-(z + 11¢

zZ2- 1,59z + , 944
sampling time Toc=.0E63

DEGAUTO FUHC
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Eigenvalues and eigenvector :

r;-I CRE Is'avI s'wI % I Fii- I r;-I - Is'avI s'wI % I R I
enani mealien Jabn [ vl o R R R e S DT

Eiqermvalues Al T Eigenvectors ui
{-.3+9.99-4 -.3-9.99-i [.995 995

T Eigenvectors ui [ O05 - ,099-4 005 + .@99 -
[. 233 - 933 T4 Eigerwectors wil

| EE5 - L2994 JOET 4+ .099-- ) T.E02 - 002534 50034 ]

o+ L0254 -5.03-1
CiT DEGAUTO FUHE EMEd  [CET DEGAUTO FUHE

Spectral decomposition of dynamics matrix A:

B Ir-; o e e 1 Ir-; G e s |
Calculating... Complex eigenvalues
Real eiaenvalues [ 295 -2in(9.99 1)  .@05- o

’ [

»
- 099 [cos(9.99-4) - . 045

t.
&
i1 DEG AUTD FUNC EEA [T DEGAUTD FUNC FALISE]
Discrete model with ZOH method:
o ok Ir-F o J:?f:jﬁ iy I?: E;.i.:ssI::':fé L I
i T
A [E0-L100I0L T:: — Ad=
m|u1nm1 -« HIEE '954]
zamplind Time: |06 | | - 095 L 00G
FarpTind kit wikh boonstid Mo =
2 I
S mZEEZ2 Loreto Parisi L1 ]
CET B DEGAUTD FUNL 3T DEGAUTO FUNC FALZE]

Bandwidth, resonance peak and d.c. gain:

B Ir-; o e e B Ir-; G e s | B Ir-; o e e
Calculating... Calculating... O.C. Gain of W{s2...

fi==L> Mp=. 093 G=.01

te=4{2.39,2. 393 (MpidB=-20.6 dBE |G dE="-40,

fr=1.39 fr=1.428 Hz

Mp=.1

i1 DEG AUTD FUNC EEA [T DEGAUTD FUNC EHA [T DEG AUTD FUNC FALSE]|

Notice that band(SYS) and peak(SYS) sometimes differs in values of M, and f, , when the
first function uses formulas instead of numerical algorithm of peak(SYS).
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Step response:
B Ir-; o e e

Calculating LACWCs2r20, ..,

t.
e 2 -i:n:-E.[—ng't] IECER )

1600
=T EAD AUTD FUNC FALSE]|
Routh matrix:
Fi-| Fi- T F= Fu_ | FE=] FB= [Fr-|f5 Fio| Fr- [TEe] Tee] Th T
T-:--:-1JE-:--:-M Tr'uc-zIR-ziIruphIHuthIDruthn ‘:-.--'-E'.].E‘:E-.E‘:-'-':].::-.::a.].ﬁ:':-.:].-‘-‘: ?:‘--:EEI:Z':-: ot EE:I
- Eoukh Makrix 1. 108. @
— 1. @ o]
F1¢as¢ insgrE CogfFicients a5 LIET 1E|E|. E| E|
i
2002 Loreto Parisi
LT B DEG ANTO FUNC i1 DEGAUTD FUNC FALISE]
Bode plots:
Fi-| Fe=|  Fir  [F4=| FE= [FBE* Fi-| FE=|  F2r  [Fu=] FE= |FBE*
EXIT EoomIHHGHPHHSEIIHF iTI:II:I 3 FILEI EXIT[2num HHG.-'PHHSE].IHFIJITI]I]LSEILE
-2k, dE ;IFiE}I_D.d s | [ M| <FC= 245, degsd
L4
| ul -45,®
-4, dE \'\ '|
:_ "-\ -, =
v max: [RUTO
CEnter=Ok 3 Esc=cAmcEL )| [0 dE -H"“h. -134 o
- — | A
EZ2OE2 Loreto Parisi -:17 L ﬁlEl. T 14 -:17 | Ll o, 3
TET BEW DG AITO FUNE DEG Al UM< DEG Al UM<
Fi- rsz F= Fu [ FE=] FB= [Fr-|f5 Fi- rsz F= Fi | F5=| FB= [Fr-|f5
T-:--:-1JE-:--:-M Tr'uc-zIR-ziIruphIHuthIDruthn - T-:--:-1JE-:-¢-M Tr'uctIRtﬂruphIHuthIDruthn -
"7, AE] TT] IRAF (& 128, dB-d | (=70, dB] TTTTIRIF (=7 120, dB7d
1 11 1 111 I'!\ Il_.- -{h
-
" toraacsec 4 -z [Tl |7 Genst Jain kis-ue, g il 10 radeses  cB0. O
Enker=0K - Enker=0K T
\_GEnker=0E__a Enter=OE__»
-G dE e ~Gl. e
| H'-,"." | H'-,"." -135.
1. e, | | (L, 1@, i (L. o
3T  EECEDEGAUTO FUHC 5T B DEGAUTO FUHC Loy I DEGAUTO FUHC
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Example 5. 2™ order BPF

10s
(s+110)(s+1000) °
function, using function zpk(zeros,poles,gain) in this way:

We can assign this transfer

Consider a 2™ order band pass filter W(s)=

TEi15iEEEmiTrfuBct].R-aﬂFrI"uph].h:usth].DEg:u].Frt?n Rl N S N ) P M | Zeros=0
* Zero-Fole-Gain ko Transfer Funckion Calculating Wisy. .. Pol eS:{ -110 _1000}
i:::: £-110,-1000F 10 = Gain=10 ’
Fain: [ | [=+1100-[=+ 1000
Fleass insert walues a5 LIET
EZ2002 Loreto Parisi
(51 DEG ANTD FIUHE iT DEG AUTO FIUHE FALSE]

Now we need the state-space representation, so we use tf2ss(SYS):

r;-I - Is'avI «wI T3 I R I r;-I - Is'avI «wI T3 I R I
ERT] AN PN P PR PP R RN (AN LR ER M PP

Transfir Function ko Skakg Space g -1 lElElEIEI] IilEl:I
WCsx: [sATis+1indkis+1on0n)
CEnter=OK___a L ESL=CAMCEL 2 L1 -1110 =
0.0 = [0 1]
<) : =
202 Loreto Parisi 1@] @]
CiT WG DEGAUTO FUMY ] DEGAUTO ELME I AL E [ DEGALNTD FLNC IFALZE |

We can get the relating discrete model with c2d(SYST,), but we could need to obtain time
constants too, so we use tconst(SYS) and tmax(A):

S PO S P A | S P S e | SR o N e |
Calculating... Calculating... Calculating Wizi...
Tmax=.009 zec 4.7de-d-[z-11-[=+ 1]
Te=1.e-4 [z -.989)(z-.209)
Ti={. 001, . 003 sampling time Tc=1.e-4
Th=1{%
Th=1{%
(3 DEGAUTO FUHE FALZE | CET DEGAUTO FUHE IME [CET DEGAUTO FUNC FALZE |

Before plotting Bode diagrams, we could need G and bandwidth of this bpf, so we use
dcgain(SYS) and band(SYS). We use peak(SYS) too, because of numerical algorithm, we
could find some differences between values of resonance peak and frequency calculated
with those two functions:
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=
Fie] Er- iR
Tt BRI Rl

B Ir-; o e e |
D.C. Gain of Wosa...

G=0.

1G] dB= -

2T DEGAITO  FUNC  TITEY

Constant Gain of Wos). ..
k=9.09e -5
K 1dE=-80.8

ok Ir-F o J:?f:jﬁ b I?: E;.i.:ssI::':fé L I
Calculating...
ti=tld4.6,14.6%
te=4191.,191. >

tr=52.8

Mp=. Q2

CZ1 DEGAUTO FLHE FALZE |

W L EZCSCAMCEL

Notice that G is 0, so we have
to use gain(SYS to calculate
constant gain K which results
of —80dB.

Notice that f; and fs have two
values, relating to defect and
excess approximations. In this
case band(SYS has used
formulas.

Peak(SYS) went to error because of lack of memory. This is due to too far away poles
(one decade ). It’s our fault! We are working to this trouble and encouraging suggestions.
Anyhow, we have obtained the bandwidth and peak. Now let’ s calculate Bode plots:

Fi=| For Far FYr| FE~ | FA~
EXIT|Zaom]MAG/FHAZE|INFO{TOOL=|FILE

Fi-| Fi- Fi-  [Fu=] FE=|F
EXIT|zewm|MAGFHASE|INFO|TOOL

Flel Fre L F= L F4 T FCrl PRz IFaeisi
W Eodel bv SEROTHERS y

IFe=a 21, dE<d
LA El
b
N o]
1. 106, III'I. 16
(%A DEGHUTO FUKC

Bodel U223 %

FoF Ml WEFSions and ngw prod,
hEER:! i Bz obhe k5. neks!
FalF infgs compgntss buds, ke,
Bzbrathgrsainfinita.ik

Coperidht (C) z000 9ZEROTHERS

ESC=EAHCEL
EET  WEWOGEGAUTD  FURNE

Fi-| Fz=| F= Fu_ | FE=] FB= [Fr-|f5
Tools|2aon|Trace|Redr arh|Math|Draw|Fen]:-:

Fir

Fe-| F2 ] T
Tools|2oam|Tracs|kedrarh|kath
=

P T N B o o B B
Liodd a Fickure

¢ Entgr=0K A £ EZC=CAMCEL A

2002 Loreto Parisi

= |21, A

chmhEz A raddsec 008 40,8 JE

C5T WG DEGAUTD FUMC

As we can see the magnitude at 21tf, is M,,.
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Now we'll calculate the step response with step(SYS):

| FEr [Frefi

Fix| Fer| FZ F4 FE
Tools|Zaam|Trace|Redraph|FMakh|DF aw|Fen|:-

Shep ReSPonse

Rlis: |s/0is+d1d0dk0s+ 100000
AraETituds L: |1 |
CEnter=OK CESCZLAMCEL o

L

202 Loreto Parisi

-
Fro] Fo- [ Ee| Duw
Ton iR Rl |Er e

"

B I Fai I
R e

Calculating LACWCs2r20, ..
o11e 1B gy . TIHEE)

IET DEGAUTO FUMC

L5T EAD AUTD

FUMC  TaMEY

and the steady state with trim(A,B,C,D,u):

TR L e |

Steady fkake paramekers

:;-I ERE Is'avI s'wI % I 5 I
venp|anisrealdd e | el

OO00ILL, 111001 Calculating...
111 Steady State
"lﬂ]
| | 1
Qutput.
" WZAAZ Loreto Parisi| [0
CET B DEGAUTD FUNL (A | FAD AUTO FUNC FALZE |

With spectre(A) we can obtain €

Speckral Decommposikion of makkix A

A [ECO~1d0000101,~11101]
Tirge Conbinuous #

Enter=0K ESCSCAMCEL

2002 Loreto Pariszi
CaT BGE DEG ALTO FUNC

Fio| fr- [TEe| P ] i3 i
ERT] AN PN P PR PP

Slculating...

]

Eeal eiagenwvalues
1_12.9'11E|'+.-_ _124.9'1E|E|E

| .oa1-e T1IEY gy T1EEE
Complex eiqenvalues

L5 EAD AUTD

AT TR i |

Now we uses sampler(A,B,T.) to obtain the discretization of our filter as a digital filter

using ZOH method:

Fro] Fo- [ Ee| e
LSO R st S DR e T [

B I Fai I
R e

Z0H Filker K

A: |[[|:|_|' ¥ Q000Ii~1110]1

E: |C[OIL101]

sampelind Time: [0 |
ZameTind kirmg wikh EConskld Ho*

Enter=OF ESC=CAMCEL 3
\"H-\_,—"'r . .
E2E02 Loreto Parisi

CET BGE DEG ALUTO FUNL

Ac=
[ . 935 -1e. 4
| 2.42e-5 .29
Bd=

[ -. 038 ]
9.4%e -4

)

L5 EAD AUTD

AT TR i |

Notice that we have let tconst(SYS) to calculate the sample time T used in discretization.
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40

Finally, let's verify stability of this linear system. We'll use function routh(Cx), but we
need characteristic polynomial coefficients Cx, so we follow this way:

Pl N B I =R =R
Charackeristic Foldnoamial

Ez2002 Loreto Parisi
B OEG ALTO FUNL

CET

Fio| Fr- [TEe] Tee] Th e
vonp|anisrealia et | el

Characteriztic Polunomial
=24+ 1,113 2+ 1. 165

FAD AUTO FLNE FALZE]

Fio| Fro [FEe] Tee] T4 i
vonnfar i read fabat e i s

From Folvnemial ko CocFFicienks

Fole: [s72+111E=+s+1 1EE |
Variable: (s ]
Enter=0K EZC=CAMCEL

E2E02 Loreto Parisi
DEG AUTO FUNL

Fouth Matrix

Cx: [11.11E3.1 1EES

Fleass inserk cogFficients as LIZT

Enter=0K EZCCAMCEL

Ez2002 Loreto Parisi
B OEG ALTO FUNL

CET

Coefficients...
f1.,1.11e3, 1. 15>

F ].F : hr*].i..-g::].ﬁg‘.::: ]; ; I i I

) 1.1e5 @

1.11e3 0 d

1.1e5 @ .

ET EAD ATD___FURC___TETEd

The CST Reference Guide ©2002-2003 Loreto Parisi

First, get p(s) with poly(A)
from Analysis menu (F2).

Second, get coefficients
using function poly2cof(expr,
var) from Tools menu (F5).
These will appear in the next
dialog window.

Here is Routh matrix. All
elements of first column are
positive, so stabily is assured.
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Current Version

Current version of Control System Toolbox for TI-89:  version 1.2.3
Date of release: October 2003
CST Reference Guide: Fourth release, October 2003

I mprovements:
- Install Tool v. 1.2
- Error management
- Session management

- DataMenu
- c2d(SYS,To)
- sampler(A,B,Tc)
- gstep(w_1(t))
Detalls:
Install Tool v.1.2

See section How to Install.

Error Management

This latest version of CST come with arobust internal error management, that prevents the
user to lose all data of the current working session, due to an unspected abort or error.
Session Management

The user can now save the current working session (i.e. the current transfer functions W(s)
and W(z2), the step response w_1(t), the state space, and all related and calculated
parameters — Tc, step response parameters, ecc.) from File toolbox and Save menu. The
saved session can be loaded from Load menu, simply selecting Session. All data of the
latest saved working session will be restored. This overwrites the current working session,
so it must be used only if you wish to load the last saved session.

- Data Menu

Now it is possible to show even the current discrete transfer function W(z), the current
State Space and to obtain Magnitude and Phase for W(s) or W(z) in asimpler way.

- c2d(SYS Te)

This funcion now can save the resulting discrete transfer function as the current W(z) used
in the current working session.

- sampler(A,B,Tc)

This function can now save the resulting state space as the current state space to be used in
the current working session.

- gstep(w_1(t))

This new function plot the step response w_1(t) obtained with step(SYS) or directly
specified in its menu. It can use the step response parameters previously calculated by

The CST Reference Guide ©2002-2003 Loreto Parisi



Control System Toolbox for TI-89 — The CST Reference Guide 4" edition 42

pstep(SYS) to evalutate w_1(t) on the plot and to use an auto-scaling function to calculate
the correct zoom factor to show the plot. If there aren’'t calculated step response

parameters, it will use standard values for the zoom factor. See section New Feature for
more details.
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New Features

Let see gstep(w_1(t)) in detail. After calculating the step response w_1(t) using step(SYS),
please select Dynamics/gstep(w_1(t)) — F3 and then 6 — to plot the step response. In this
case we have not calculated its parameters yet with pstep(SYS).

Fi-r

D namics

F1oks bhe Skep FeSFonse o "y
Shep Fesponse: [ERFURDOIGRE] | Mo Farameters, $oalind and Data
Calculaks paramekers? MO+ disabled.
Enkter=0kK EZC=CAMCEL Enter=0F
ET EAD AUTO FU_H': ET EAD AUTO FU_H': ET I EAD AUTO FU_H':

The lack of parameters do not permit to use the auto-scaling feature to obtain a zoom that
matches with the specified step response. Moreover it is not possible to use the Data menu
to show step response parameters.

Eudglukakion

Use Fararmcker [JEA* '-'-'-1':-53'=_.'3'55 J
Enter=0E ESC=CHMLEL Enter=OK 3

m— m— —
IE EAD AUTO FUHC

It is possible to evalutate w_1(t) in apoint and see this point on the plot. Y ou can trace and
zoom the function too.

2nd Corner?s

EoLo gt | (ol I o
C3T RAD ALTO FLHC CET RAD ALTO FUKC CIT RAD AUTO FUHC
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Suppose now to calculate parameters with pstep(SYS) and run gstep(w_1(t)) selecting YES
to use them.

CET

Thep Retkonss FAFameters Step Response paramelLers
Hig: m ] Te= .07 =sec
wodiks: [LAdo-&* 104k 10 | Tr= .22 zec
WL wikh skepil? WO Te= .3
Entzr=0K ESL=CHMLEL ST .2 SBC
Tp= @ zec
.. == Q. X
m2O0Z2=2003 Loreto Parisi
RAD AUTD FUHC [C2T RAD AUTD FURC FALZE]

I8 L =L

[

Floks Ehg SEeF ReSPonst

Step Reskonse: [CUL0ELLD ]

Calculaks paramsters? YE- +

Enktsr=0E

ESCSCAMCEL

The auto-scaling feature is enabled and the zoom factor now matches with the order of the
step response parameters.It is possible to use Data menu to show this parameters.

Fi Fx F4 Fa-~ |3y
Tools|Zoom|Trace|Rs3rarh|DatalgbWE ik

.'" Shep Respanss Faramskers

Te= .07 s&C
Tr= .EZ 5k
Ts= .3 5k
Te= o s

C Enter=OK AC ESCSCAMCEL 3

1:Ualue

el
FLUHC

bl — e
CET M EAD AUTO FUHC

Now we can use Math — Value to evalutate w_1(t) in these specific points. Please select a
parameter, such as Tr (raise time — as shown). We'll have this point on the plot.

Eudglukakion

Uss Fararscker L

Entsr=0K EZC=CAMCEL

w_1Czz)= 0Ege

Entzr=OF, J

- a— .
I EAD AUTO FUHC

We can Trace the step response and zoom it. Use Regraph (F4) and Zoomprev (from the
Zoom menu — F2, then 9) to restore the plot.

Fi=| Fe=| FZ FY FE | Fa= |F7
Tools|Zeom|Trace|Re3raph|Daka|Hath|Exik

Tr

FLUHC

KEAD ALTO

KEAD ALUTO FUHC
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Finally, it is possible to save the plot as a picuture using the Tools menu and Save option —
press F1, then 1.

Faug Fickure

Mane:

Fath: [ |
Fleass speciFy absolube path.

r_Entsr=0K A £ EZC=CAMCEL 2

e e sk
G RAD AUTO FUHC
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Tips

Question: How can | get coefficients of characteristic polynomial to calculate poles or
Routh matrix ?

Solution: From Analisys menu (F2) choose poly(A) to get characteristic polynomial, then
from Tools (F5) choose poly2cof(EXPR,VAR) and input ‘s as variable. Now choose
cpoles(Cx) or routh(Cx) from Tools menu. Here are the sequence of operations:

' T Characteristic Polunomial - — -
Tharacteristic Folenermial -, 5 From polenomial ko cocfficicnks
[ =018 e Ine. A
. Yariable: |5 |
CEnter=OK___  ESC=CANCEL -3
- = =
T o CEnter=OK___  EEL=CANCEL 1
Cowlplopeaein]n oreto Parisi Chelalopeein]n oreto P
C:T WM DEG AUTO FUNLC =i DEG AUTO FIHT [Frill 2E] [ B DEG ALTO FUHL

Coefficients...
{l..10., 100, %

Foukh Matrix ™y

b 11010100,
Flease inserk CocFFicients as LIXT

Enter=0K ESCSCAMCEL

3 22— 2 I oreto P
il B [EGAUTD FUNC | [ DEG AUTO FUNC FAUE

i DEG AUTD FURC FALZE]

Question: How can | obtain sampling time T, to be used with c2d(SYSTc), that performs
continuous to discrete time model conversion using bilinear Tustin transformation, or with
sampler(A,B,Tc) that generates a discrete time model using ZOH filter ?

Solution: From Analisys menu (F2) choose tconst(SYS). So you get al time constants of
your system. Now choose c2d(SYSTc) from Systems menu (F1) or sampler(A,B,Tc) from
Tools menu (F5). Here are the steps:

|:-E| 1 cL 1 at 1 r.lg From Conbinuous bo discreke birme mode]
famplingd time: i.uz |
Te=.02 Msthod Tuskins
Enter=OE 3 f_ESCSCHNCEL ri=in £ampTind Eirne with tconsto) Mo
ey Mleses =127 Enter=0F, ESCZLAMCEL
Cyeinopeleinln orreto Parisi Th=_{. 6282 Cyeln)opeleinln oreto Fa
CiT WM OEG ALTO FUNE [ BEGAUTH FINE Fiu:zE] i [ BCM OEG ALTO FUNC
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Alternatively, you can directly choose from c2d(SYS, Tc) or
Z0H Filtar sampler(A,B,Tc) menu the option Sampling time with
[t tconst() with Yes. This is useful if you have not calculated
sameling Tiras: | | T. yet, or if you want to input a different sampling time —

FameTind timg wikh EConskir Yes ¥

in this case simply choose No and input that value in
BZOOZ—2003 Loreto Parisi Sampling Time text field.

CiT M DEG ALTO FLUHC
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Contents

After installation of CST, in the folder CST, you will find the following files:

File name File type File name File type
azeros FUNC peak FUNC
band FUNC phase FUNC
bandn FUNC phasez FUNC
bandsub FUNC poly FUNC
bodex PRGM poly2cof FUNC
c2d FUNC polydeg FUNC
cpoles FUNC polyz2s FUNC
cst PRGM pstep FUNC
cstse LIST pzmap FUNC
cstver STR reach FUNC
d2c FUNC routh FUNC
damp FUNC rts2poly FUNC
db FUNC sampler FUNC
dcgan FUNC spectre FUNC
degzero FUNC splash PIC
eigenv FUNC splhlp PIC
gan FUNC ss2tf FUNC
gstep PRGM step FUNC
help PRGM tconst FUNC
install PRGM tf FUNC
l[inmod FUNC tf2ss FUNC
linspace FUNC trim FUNC
logspace FUNC Zpk FUNC
mag FUNC tmmax FUNC
magz FUNC

mreach FUNC

All these files are necessary to cst() to work properly. Please do not rename,move or delete
any of the files above, otherwise the correct working of cst() isnot guaranteed.
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Thanksto...
Many thanksto all those programmers which gave a hand in making CST for TI-89.
The programmers:

- 92BROTHERS

Contribute: bodex()

E-mail: 92brothers@infinito.it
Homepage: http://www.92brothers.net/

- Francesco Orabona

Contribute: logspace(), poly2cof(), zpk()

E-mail: bremen79@infinito.it

Homepage: _http://web.genie.it/utenti/b/bremen79/

- Lars Frederiksen
Contribute: DiffEq()
E-mail: |tf @post8.tele.dk

- Chadd L. Easterday
Contribute: rts2poly()
Email: easterday @mindspring.com

The users

Who help CST to grow up better and faster!

Thanks all folks!

What next ?
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Next version of Control System Toolbox for TI-89 release 1.3 will improve global
performances and will introduce some news, such as

* New proprietary function to plot Bode diagrams, bode(SYS)

» New function to calculate Root Locus, rlocus(SYS)

» Improved function for calculating bandwidth, band(SYS)

» Improved function for calculating peak, peak(SYS)

» New functions for system interconnections, series(),parallel(),feedback()
* New function to calculate time delay, delay(SYS)

 Moretocome...

If you have any question and suggestion or you would like to help me, please let me
know, sending e-mail at
loretoparisi @libero.it
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