
1. Manipulación de Vectores y Matrices

Matlab Reference

Matlab commands are in this font.

• Matrix

A =









1 2 3 4 5
6 7 8 9 10
11 12 13 14 15
16 17 18 19 20









A=[1 2 3 4 5; 6 7 8 9 10; 11 12 13 14 15; 16 17 18 19 30]

or you can replace the spaces between elements in a row by commas

A=[1,2,3,4,5;6,7,8,9,10;11,12,13,14,15;16,17,18,19,20]

or you can replace the semicolon by a line break

A=[1 2 3 4 5
6 7 8 9 10
11 12 13 14 15
16 17 18 19 20]

The brackets at the beginning and end of the matrix are rectangular.

An upper case A is not the same as as lower case a. Matlab treats them
as different variables.

• Matrix dimensions: The matrix A is 4 × 5

size(A) =
[

4 5
]

Number of rows: size(A,1) = 4
Number of columns: size(A,2) = 5

Larger of the two dimensions: length(A) = 5

This is helpful for counting the number of elements in a row vector or a
column vector.

• Matrix elements

Element (1, 2): A(1,2) = 2
Element (2, 5): A(2,5) or A(2,end)
Element (4, 3): A(4,3) or A(end,3)

Note the round parentheses.

• Rows and columns

Row 1 of A: A(1,:) =
(

1 2 3 4 5
)

Row 4 of A: A(4,:) or A(end,:)

Column 2 of A: A(:,2) =
(

2 7 12 17
)T

Column 5 of A: A(:,5) or A(:.end)

           
• Submatrices

Rows 1, 2, 3 and columns 2, 3, 4: A(1:3,2:4) =





2 3 4
7 8 9
12 13 14





Rows 1, 2 and column 1, 3, 5: A([1,2],[1,3,5]) =

(

1 3 5
6 8 10

)

Rows 3 and 4: A(3:4,:)

Columns 1, 2, 3, 5: A(:, [1:3,5])

• Matrix operations:

Addition: A+B
Scalar multiplication: 3*A
Multiplication: A*B

• Special matrices:

eye(5) 5 × 5 identity matrix
zeros(3,2) 3 × 2 zero matrix
zeros(size(A)) zero matrix of same dimension as matrix A

• Diagonal elements

diag(A) =
(

1 7 13 19
)T

When the input is a matrix, diag extracts the diagonal elements (i.e. all
elements in position (j, j)) and puts them into a column vector.

diag([1:3,50]) =









1
2

3
50









When the input is a vector, diag puts the elements of the vector onto the
diagonal of a matrix.

diag(diag(A)) =









1
7

13
19









extracts the diagonal of a matrix and removes the offdiagonal elements

• Triangular parts

triu(A) =









1 2 3 4 5
0 7 8 9 10
0 0 13 14 15
0 0 0 19 20









Extracts the upper triangular part (all elements in position (i, j) with
j ≥ i), and sets the elements below the diagonal to zero.
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tril(A) =









1 0 0 0 0
6 7 0 0 0
11 12 13 0 0
16 17 18 19 0









Extracts the lower triangular part (all elements in position (i, j) with
i ≥ j), and sets the elements above the diagonal to zero.

• Permutations

A(:,[2 1 3:end]) permute the two leading columns of A

A(end:-1:1,:) permute the rows of A in reverse order

• Conjugate transpose: A’

• Piecing together matrices:

[eye(3) zeros(3,4); [1 30:10:80]] =





1 0 0 0 0 0 0
0 1 0 0 0 0 0
1 30 40 50 60 70 80





Creación automática de matrices especiales:


1.3 Guión de la práctica 7

0.7929 0

0 2.2071

donde las columnas de v son los vectores propios y los elementos
de la diagonal de d son los valores propios correspondientes. Tam-
bién es posible llamar a eig() utilizando un único argumento de
salida. En este caso devuelve sólamente los valores propios.

>> eig(A)

ans =

0.7929

2.2071

Al igual que con los vectores existe la posibilidad de aplicar los
operadores .+ y .*, etc. , que trabajan elemento a elemento de la
matriz.

Matlab dispone de algunas funciones para crear matrices de uso
común que nos pueden ser muy útiles. En la tabla 1.1 están ex-
puestas las más frecuentes.

función resultado
eye(n) matriz identidad de tamaño n × n

diag(vector) matriz diagonal con los elementos de vector

zeros(m,n) matriz de ceros de tamaño m × n
ones(m,n) matriz de unos de tamaño m × n
rand(m,n) matriz de aleatorios (dist. U(0, 1)) de tamaño m × n
randn(m,n) matriz de aleatorios (dist. N(0, 1)) de tamaño m × n

Cuadro 1.1: Tabla de funciones para generar matrices.

No obstante, Matlab (en especial la versión 5.0) dispone de otras
muchas funciones para generar matrices tı́picas, tales como

triu, tril, hilb, magic, toeplitz

capaces de crear matrices triangulares (superior e inferior), de
Hilbert, mágicas y de Toeplitz, respectivamente. El usuario inte-
resado puede utilizar help para más información.

Tanto vectores como polinomios son casos particulares de las ma-
trices: considerados como objetos, Matlab los trata por igual. Todo
lo que aquı́ se diga para matrices es, por tanto, válido para vec-
tores, considerados éstos como matrices. Supóngase la siguiente
matriz

>> A = [1 2 3 4; 5 6 7 8; 9 10 11 12; 13 14 15 16]

A =

2. Análisis de Sistemas Lineales 

2 LTI Models
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Introduction
The Control System Toolbox offers extensive tools to manipulate and analyze
linear time-invariant (LTI) models. It supports both continuous- and
discrete-time systems. Systems can be single-input/single-output (SISO) or
multiple-input/multiple-output (MIMO). In addition, you can store several LTI
models in an array under a single variable name. See Chapter 4, “Arrays of LTI
Models” for information on LTI arrays.

This section introduces key concepts about the MATLAB representation of LTI
models, including LTI objects, precedence rules for operations, and an analogy
between LTI systems and matrices. In addition, it summarizes the basic
commands you can use on LTI objects.

LTI Models
You can specify LTI models as:

•Transfer functions (TF), for example,

• Zero-pole-gain models (ZPK), for example,

• State-space models (SS), for example,

where A, B, C, and D are matrices of appropriate dimensions, x is the state
vector, and u and y are the input and output vectors.

•Frequency response data (FRD) models

FRD models consist of sampled measurements of a system’s frequency
response. For example, you can store experimentally collected frequency
response data in an FRD.

P s( )
s 2+

s2 s 10+ +
---------------------------=

H z( ) 2 z 0.5–( )

z z 0.1+( )
-------------------------

z2 z 1+ +( )

z 0.2+( ) z 0.1+( )
---------------------------------------------

=

xd
td------ Ax Bu+=

y Cx Du+=
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Creación y conversión entre modelos:

Introduction
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set Set LTI model properties.

size Get output/input/array dimensions or model order.

ss Create a state-space model.

ssdata, dssdata Retrieve state-space data (respectively, descriptor
state-space data) or convert it to cell array format.

tf Create a transfer function.

tfdata Retrieve transfer function data.

zpk Create a zero-pole-gain model.

zpkdata Retrieve zero-pole-gain data.

Table 2-2:  Converting LTI Models

Command Description

c2d Continuous- to discrete-time conversion.

d2c Discrete- to continuous-time conversion.

d2d Resampling of discrete-time models.

frd Conversion to an FRD model.

pade Padé approximation of input delays.

ss Conversion to state space.

tf Conversion to transfer function.

zpk Conversion to zero-pole-gain.

Table 2-1:  Creating LTI Models or Getting Data From Them (Continued) 

Command Description
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5 Model Analysis Tools

5-2

General Model Characteristics
General model characteristics include the model type, I/O dimensions, and
continuous or discrete nature. Related commands are listed in the table below.
These commands operate on continuous- or discrete-time LTI models or arrays
of LTI models of any type.

General Model Characteristics Commands

class Display model type ('tf', 'zpk', 'ss', or 'frd').

hasdelay Test true if LTI model has any type of delay.

isa Test true if LTI model is of specified class.

isct Test true for continuous-time models.

isdt Test true for discrete-time models.

isempty Test true for empty LTI models.

isproper Test true for proper LTI models.

issiso Test true for SISO models.

ndims Display the number of model/array dimensions.

reshape Change the shape of an LTI array.

size Output/input/array dimensions. Used with special
syntax, size also returns the number of state
dimensions for state-space models, and the number
of frequencies in an FRD model.

Time and Frequency Response

5-9

Time and Frequency Response
The Control System Toolbox contains a set of commands that provide the basic
time and frequency domain analysis tools required for control system
engineering. These commands apply to any kind of LTI model (TF, ZPK, or SS,
continuous or discrete, SISO or MIMO). You can only apply the frequency
domain analysis tools FRDs. The LTI Viewer provides an integrated graphical
user interface (GUI) to analyze and compare LTI models (see Chapter 6, “The
LTI Viewer” for details).

Time Responses
Time responses investigate the time-domain transient behavior of LTI models
for particular classes of inputs and disturbances. You can determine such
system characteristics as rise time, settling time, overshoot, and steady-state
error from the time response. The Control System Toolbox provides functions
for step response, impulse response, initial condition response, and general
linear simulations. You can apply these functions to single TF, SS, or ZPK
models or arrays of these types of models. Note that you can simulate the
response to white noise inputs using lsim and the function rand (see Using
MATLAB to generate random input vectors.

The functions step, impulse, and initial automatically generate an
appropriate simulation horizon for the time response plots. Their syntax is

step(sys) 
impulse(sys)
initial(sys,x0) % x0 = initial state vector

Time Response

impulse Impulse response.

initial Initial condition response.

gensig Input signal generator.

lsim Simulation of response to arbitrary inputs.

step Step response.

State-Space Realizations

3-7

State-Space Realizations
The following functions are useful to analyze, perform state coordinate 
transformations on, and derive canonical state-space realizations for single 
state-space LTI models or LTI arrays of state-space models.

The function ssbal uses a simple diagonal similarity transformation 

to balance the state-space data . This is accomplished by reducing 
the norm of the matrix.

Such balancing usually improves the numerical conditioning of subsequent 
state-space computations. Note that conversions to state-space using ss 
produce balanced realizations of transfer functions and zero-pole-gain models.

By contrast, the canonical realizations produced by canon, ctrbf, or obsvf are 
often badly scaled, sensitive to perturbations of the data, and poorly suited for 

State-Space Realizations

canon Canonical state-space realizations.

ctrb Controllability matrix.

ctrbf Controllability staircase form.

gram Controllability and observability gramians.

obsv Observability matrix.

obsvf Observability staircase form.

ss2ss State coordinate transformation.

ssbal Diagonal balancing of state-space realizations.

A B C! !" # T 1– AT T 1– B CT! !" #$

A B C! !" #

T 1– AT   T 1– B
CT  0

3 Model Analysis Tools
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Model Dynamics
The Control System Toolbox offers commands to determine the system poles, 
zeros, DC gain, norms, etc. You can apply these commands to single LTI models 
or LTI arrays. The following table gives an overview of these commands.

With the exception of  norm, these commands are not supported for FRD 
models. 

Here is an example of model analysis using some of these commands.

h = tf([4 8.4 30.8 60],[1 4.12 17.4 30.8 60])

Transfer function:
     4 s^3 + 8.4 s^2 + 30.8 s + 60
---------------------------------------
s^4 + 4.12 s^3 + 17.4 s^2 + 30.8 s + 60

pole(h)

ans =
1.7971 + 2.2137i
1.7971  2.2137i

Model Dynamics

covar Covariance of response to white noise.

damp Natural frequency and damping of system poles.

dcgain Low-frequency (DC) gain.

dsort Sort discrete-time poles by magnitude.

esort Sort continuous-time poles by real part.

norm Norms of LTI systems (  and ).

pole, eig System poles.

pzmap Pole/zero map.

zero System transmission zeros.

H2 L
!

L
!
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