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Symbolic Math Toolbox sose

To Symbolic Math Toolbox™ €xeL evTOAEC Yyl TOV OPLOUO, TNV ETTLAVCN Kot SnLovpyia ®
YPOPNUATWY, CUUBOAIKWY CUVOPTACEWV

Anuovpyla cUUBOAKWY peETABANTWY

MATLAB input:
syms Xy

Oplopog e&lowong

MATLAB input:
eqn = x"2 +yNr2 ==1;

AAyePpikn eTtiALON WCE TIPOG Y:

. MATLAB output:
MATLAB input:

ans =

solve(egn,y) (— V72 — xZ)
V2 —x2
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Metaoxnuaticpol Laplace

MeTtaoxnuatiopog Laplace

MATLAB input:
syms t
laplace(sin(t)+cos(t)+5)

AVTIOTPOPOC PETAOXNUATIONOG Laplace

MATLAB input:
Ssyms s
ilaplace(1/(s"2+1))

MATLAB input:
ilaplace(s)

MATLAB output:

ans =
A

|

s+ 1

MATLAB output:

ans =
sin(t)

MATLAB output:
ans =

dirac(1, t)

5241

+

S
s

GhemEng

Department
Of Chemical
Engineering ‘



2XNUOTIOMOC LOVTEAWVY
OUVEXOULG XPOVOU
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ZUVOPTHOELG HLETAPOPAG GUVEXOUG XPOVOU |  :32:

Anpuovpyia cuVAPTNONG KETAPOPAC (TTOAVWVUULKA LOPPN):

, 25 + 1
H(s) = — _

s°+ 35+ 2
MATLAB input:
num =[2 1];
den=1[132]; MATLAB output:

H=
H = tf(hum,den)
2s+1
or T
sSh2+3s+2

MATLAB input:
s = tf(‘s'); Continuous-time transfer function.

H=(2*s+1)/(s"2+3%s+2)
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2UVAPTNOELG LETAPOPAG CUVEXOUG XPOVOU

Eloaywyn kaBuotépnong (LETATOTLON) 0 GLUVAPTNON
LETAPOPAC:

H(s) =e* 25 + 1

2 )
s“+ 35+ 2
MATLAB input:
num = [2 1];
den=1[132]; MATLAB output:
H = tf(num,den,'|ODelay',2) H =
2s+1
or
exp(-2*s) * -------omm--
MATLAB input: shN2+3s+2
s = tf(‘s’);

Continuous-time transfer function.

H = exp(-2*s)*(2*s+1)/(s"2+3*s+2)

GhemEng
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ZUVOPTHOELG HETAPOPAG CUVEXOUG XPOVOU |  so2e

Ta Zero-pole-gain HOVTEAQ lval JLX TIEPLYP AP TWV CUVOAPTINOEWV
LETAPOPAG OE TIAPAYOVTOTIOLNEVN LOP®N).

XpPNOLUOTIOLOVV TNV EVTOAN

sys = zpk(zeros,poles,gain)

[l Tapadetypa, n moapakatw SISO MNEM

his) =k (s—z(1))(s=2(2)) ... (s —z(m))

(s = p(1))(s = p2))...(s = p(n))
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ZUVOPTHOELG HLETAPOPAG GUVEXOUG XPOVOU |  :32:

Anpovpyia cUVAPTNONG METAPOPAC OE TIXPOAYOVTOTIOLNMEVN LOPPN: o

h(s) = kS =25 = 2(2)) .. (s — z(m))
(s=p(1))(s—=p2))...(s = pn))

MNapadetypa \
H(s) = 2s+1 _ 5 5+0.5 zero/pole/gain model

2+3s5+2  G+1D)GE+2)

MATLAB output:
MATLAB input: H=
z = [-0.5];
0=[1-2]; 2 (s+0.5)
k=2; T
(s+1) (s+2)
H = zpk(z,p,k)

Continuous-time zero/pole/gain model.

Npoooyxn: H oTtatikn evioxuon tn¢ MM d¢v givai ion pe Tnv evioxuon (k)!!
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2UVAPTNOELG LETAPOPAG CUVEXOUG XPOVOU

MovTtéAo XWPOU KATAOTACEWV:
MoOnuaTIK avamopaoTaon VoG (PUGLKOU CUCTAMATOG W VA
OUVOAO OTIO METAPANTEC €10000VL, €60OOV KAl KATAOTAONG, Ol
oTtoleg CLOXETI(OVTAL [E OLOPOPLKEG EELOWOELG TIPWTOU PaBuoV.

@:Ax+8u
dt
y = Cx + Du

THVOKOG KATAOTAONG
TIVOKOG £L0O0O0V

Tiivako €0dov

TIVOKOG APECNC LETAOOONG

x: OLAVUOUO KOTAOTAONG
u: OLAVLOUA EL0OOOV
y: dlavuoua e€06d0ou

OO >

applied to linear time-invariant (LTI) systems

GhemEng

Department
Of Chemical
Engineering ‘



4 [ 4 4 [ 4 000
ZUVGPTI']O'E L€ HETAPOPAC TUVEXOUG XPOVOU 090
| XX
AnUovpyia LOVTEAWY XWPOU KATOOTATEWV: oo
dx _ Ax + Bu
dt
y = Cx+ Du
MATLAB output:
sys =
MNapadetypa
A= C=
0 1 0 1X10X21 x1 x2
= = = = X
A [_5 _2], B [3] C=[0 1], D=][0]. Ce s yl 0 1
B= D=
MATLAB input: 25 o
A=[01;-5-2]; 5 o vl o
B = [0;3];
C=[01]; Continuous-time state-space model.
D = [0];

sys = ss(A,B,C,D)
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2UVAPTNOELG LETAPOPAG CUVEXOUG XPOVOU

Metatpomn amo

Metatpomn o€

Yuvaptnon Matlab

Transfer Function

Zero-pole-gain

[z,p,k]=tf2zp(num,den)

Transfer Function State Space [A,B,(,D]=tf2ss(num,den)
Zero-pole-gain Transfer Function [num,den]=zp2tf(z,p, k)
Zero-pole-gain State Space [A,B,C,D]=zp2ss(z,p,k)

State Space Transfer Function [num,den]=ss2tf(A,B,C,D)
State Space Zero-pole-gain [z,p,k]l=ss2zp(A,B,C,D)

GhemEng
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2UVOUOOHOG HOVTEAWY sese

EVva LOVTEAO PTTOPEL VO EIVAL Lt OOUN ME EL00O0VCE Kol £0O0UC
(OLaypoppa BaBuidwv) TIou TIEPLEXEL Uit CLVAPTNON METAPOPAC
N EVA LOVTEAO XWPOUL KOTOOTACEWV ECO TOV.

20vaptnon
Fi0000( =y METOQOPQ( |y "EE 00 C
G(s)

2Tolxeia Alaypappato¢ Aopwv
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4 4 000
2UVOUAOHOC HOVTEAWY eseo
Alaxeiplon tou dlaypAappatog Babuidwyv (dovAsvet kat pe MXK): S:.
Combination Matlab Command

— G,(s) l—» G,(s) |—> sys = series (Gl,G2)
G,4(s) I -
sys = parallel (G1l,G2)
G,(s)

: G/(s) F——
| sys = feedback (Gl,G2)
G,(s)

Mpoooxn: H ocipa pe v omoia Badlete Ta G, kKal G, etrnpeadel 1ig MNXK !

Department
Of Chemical
Engineering ‘

XM= GhemEng



2UVOUOOHOG HOVTEAWVY sese

Alaxeiplon tou dlaypAappatog Babuidwyv (dovAsvet kat pe MXK): oo

ApBuntikr NMpdén Yovtaén Matlab
[p6oBeon sys = G1+G2;
sys = G1*G2;
[oAamAaotaopog
, sys = 1nv (Gl);
Avtiotpoon

Mpoooxn: H ocipa pe v omoia Badlete Ta G, kKal G, etrnpeadel 1ig MNXK !
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AvaAuon peTaBaTikng
OTIOKPLONG
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H petapatikn amokpion avagépeTal atn dlepyaaia mov
Teheitar yia tn petdPaon amd pia apyXkn o€ pia TEAKN

BaoIKEC OTOKPLOELC: Kataotaon

*  BnpoTikn amokpion Ot petapatikéc amokpioeig xpnaotpomotouvTal yia va

* TMaAwkn amokplon epeuvnBoUVY Ta YPOVIKA XAPAKTNPLOTIKA TwV OUVALIKWY

* [papuikn (ramp) amokpLon P n, XP xapaktmnp H
OLOTNHATWY

2uv0ei¢ Amokpioeic: Bnpatikiy Amokpion, MaApikn Amokpion,
Kal YpappIKn (ramp) amokpion
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I'4 r 4 000
AvaAuon HETAPBATIKAG ATTOKPLONG ssee
Movadiaia Bnpatikn amokpLon: 0eo

MNapadeypa
H(S) = ) 25 12 -
s*+4s + 25 |

MATLAB input:
num = [0 0 25];
den =14 25];
H = tf(hnum,den);

Amplitude

%specify time points

t =[0:0.1:5]; 0nl
step(H,t) I I '

grid %add grid to plot

! | ! ! ! |
0 0.5 1 1.5 3.5 ) 4.5 5
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AvaAuon HETABATIKNG XTIOKPLONG see:

| XX
o0
o
Step Response
3 T T T
[l Buatikn l0060 OTTOLOVONTIOTE
TIAQTOVC; i |
MATLAB input: ;g- ......................................................................... T -
E ..................... 705000 NP NV PV S RV IV
hold on (e N A S O S N
step(1.2*H,t); B/ A R N
step(1.4*H,t);
step(1.6*H,t); |
step(1.8*H,t);
step(2.0*H,t);
l | l 3.|5 f‘l 4.|5 5

2 Timé&Recondd)
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AvaAuon HETABOTIKAG AtOKPLONG

Movadiaia TTaApKR atoKpLon:

Impulse Response

3.5

Noapadetypa .
H(s) = — 25 ol “ _
s+ 4s+ 25 ) ‘

§ 15 |I
MATLAB input: E |
num = [0 0 25]; |
den =[14 25]; 05| -
H = tf(hum,den); .
) Y AN e R -

%specify time points
t =[0:0.01:5]; / -05 - \ i
impulse(H,t) ) ] | | | | | | |

0 0.5 1 1.5 2 Timez'(";éecond%) 3.5 4 4.5 5

Department

grid %add grid to plot

GhemEng
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AvaAuon HETABOTIKAG AtOKPLONG

[l TIOAULKT) €l00d0
OTIOLOVONTIOTE TIAXTOUC:

MATLAB input:

hold on
impulse(2*H, t)
impulse(3*H, t)
impulse(4*H, t)
impulse(5*H, t)
hold off

Amplitude

Impulse Response

16

14 F

12 -

10_|

[0+]
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4 I 4 4 ( X X
AvaAuon HETABATIKNG XTIOKPLONG 533
FPapMIKR aTTOKPLON: -4

A€V UTIAPXEL «YPAMULIKN» cuvapTnon otnv MATLAB.
EvtoAn Isim : Plot simulated time response of dynamic system to arbitrary inputs

1 Unit Ramp Response
u(t) = t U(S) = — 5 T T T )
S2 S
o 4.5 - / i
MATLAB input: ol
4t -/2/ 1
%specify time points a5 | | |
t = [0:0.01:5]; . ol
3+ ./‘// =
X s
%linear input u(t) = t 2 L. e |
E |
u=t; E ol
’ < . /
2r / N
e / °l - |
%add grid and title e
grid ' ey |
title(‘Unit Ramp Response’); sl ]
0k '__.:-’ I I I I | | |
0 0.5 1 1.5 3.5 4 4.5 5

2 Time2 '(%econd%)
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AvAaALON OLXVOTLKNC ATTOKPLONG
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AvAAuGonN GUXVOTIKNG XTIOKPLONG

Awxypappa Bode: cuxVOTIKH ATTOKPLON TOV CUCTAUATOG

Noapadetypa

H(s) =23

s+ 4s + 25

MATLAB input:

num = [0 0 25];
den =[14 25];
H = tf(hnum,den);

%bode diagrams
bode(H)

10

Bode Diagram

o
I

Magnitude (dB)
(I,Q 1 ]
o

40 -

[
%))
o

-
o
T

N
o
I

— - -

I
[#)]
o

A
o o
f

Phase (deq)
8

-135

-180 &

107

Frequency (rad/s)
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2uvaptnoelg Control System Toolbox... o2t

Creation of LTI models

ss - (reate a state-space model.

zpk - Create a zero/pole/gain model.

tf - Create a transfer function model.

dss - Specify a descriptor state-space model.

filt - Specify a digital filter.

set - Set/modify properties of LTI models.

Itiprops - Detailed help for available LTI properties.

Data extraction

ssdata - Extract state-space matrices.

zpkdata - Extract zero/pole/gain data.

tfdata - Extract numerator(s) and denominator(s).
dssdata - Descriptor version of SSDATA.

get - Access values of LTI model properties.

Model characteristics

class - Model type ('ss', 'zpk;, or 'tf').

size - Input/output dimensions.

isempty - True for empty LTI models.

isct - True for continuous-time models.

isdt - True for discrete-time models.

isproper - True for proper LTI models.

issiso - True for single-input/single-output systems.
isa - Test if LTI model is of given type.

Conversions

ss - Conversion to state space.

zpk - Conversion to zero/pole/gain.

tf - Conversion to transfer function.

2d - Continuous to discrete conversion.
d2c - Discrete to continuous conversion.

d2d - Resample discrete system or add input delay(s).

Overloaded arithmetic operations

+and - - Add and subtract LTI systems (parallel
connection).

* - Multiplication of LTI systems (series connection).
\ - Left divide -- sys1\sys2 means inv(sys1)*sys2.

/ - Right divide -- sys1/sys2 means sys1*inv(sys2).
'~ Pertransposition.

! - Transposition of input/output map.

[..] - Horizontal/vertical concatenation of LTI systems.

inv - Inverse of an LTI system.

Model dynamics

pole, eig - System poles.

tzero - System transmission zeros.

pzmap - Pole-zero map.

dcgain - D.C. (low frequency) gain.

norm - Norms of LTI systems.

covar - Covariance of response to white noise.

damp - Natural frequency and damping of system poles.

esort - Sort continuous poles by real part.
dsort - Sort discrete poles by magnitude.
pade - Pade approximation of time delays.

State-space models

rss,drss - Random stable state-space models.

55255 - State coordinate transformation.

canon - State-space canonical forms.

ctrb, obsv - Controllability and observability matrices.
gram - Controllability and observability gramians.
sshal - Diagonal balancing of state-space realizations.
balreal - Gramian-based input/output balancing.
modred - Model state reduction.

minreal - Minimal realization and pole/zero cancellation.
augstate - Augment output by appending states.

Time response
step - Step response.
impulse - Impulse response.

initial - Response of state-space system with given initial state.

Isim - Response to arbitrary inputs.
Itiview - Response analysis GUI.

gensig - Generate input signal for LSIM.
stepfun - Generate unit-step input.

Frequency response

bode - Bode plot of the frequency response.

sigma - Singular value frequency plot.

nyquist - Nyquist plot.

nichols - Nichols chart.

Itiview - Response analysis GUI.

evalfr - Evaluate frequency response at given frequency.
freqresp - Frequency response over a frequency grid.
margin - Gain and phase margins

System interconnections

append - Group LTI systems by appending inputs and outputs.
parallel - Generalized parallel connection (see also overloaded +).
series - Generalized series connection (see also overloaded *).
feedback - Feedback connection of two systems.

star - Redheffer star product (LFT interconnections).

connect - Derive state-space model from block diagram description.

(lassical design tools

rlocus - Evans root locus.

rlocfind - Interactive root locus gain determination.

acker - SISO pole placement.

place - MIMO pole placement.

estim - Form estimator given estimator gain.

req - Form requlator given state-feedback and estimator gains.

LQG design tools

Iqr,dlgr - Linear-quadratic (LQ) state-feedback regulator.

lqry - LQ requlator with output weighting.

lqrd - Discrete LQ regulator for continuous plant.

kalman - Kalman estimator.

kalmd - Discrete Kalman estimator for continuous plant.

lqgreg - Form LQG requlator given LQ gain and Kalman estimator.

Matrix equation solvers

lyap - Solve continuous Lyapunov equations.

dlyap - Solve discrete Lyapunov equations.

care - Solve continuous algebraic Riccati equations.
dare - Solve discrete algebraic Riccati equations.
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