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                      Linear, Time-Invariant Models        
You can use Control System Toolbox™ functions to manipulate and analyze linear time-invariant (LTI) models. You can use the functions for both continuous- and discrete-time systems. Systems can be single-input/single-output (SISO) or multiple-input/multiple-output (MIMO).
LTI Model Formats
You can specify LTI models as:

· Transfer functions (TF), for example,

                           
· Zero-pole-gain models (ZPK), for example,
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· State-space models (SS), for example,
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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.

FORMS OF LTI MODELS
There are two forms of LTI Models

1. Continuous

2. Discrete

                  TRANSFER FUNCTION MODEL

CONTINEOUS SYSTEMS
This section explains how to specify continuous-time SISO and MIMO transfer function models
                   SISO Transfer Function Models

A continuous-time SISO transfer function
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is characterized by its numerator [image: image4.png]


and denominator [image: image5.png]


, both polynomials of the Laplace variable s. 

There are two ways to specify SISO transfer functions:

· Using the tf command

· As rational expressions in the Laplace variable s
Method 1:
To specify a SISO transfer function model [image: image6.png]


  using the tf command, type
                              h = tf(num,den)
where num and den are row vectors listing the coefficients of the polynomials [image: image7.png]


and [image: image8.png]


, respectively, when these polynomials are ordered in descending powers of s. The resulting variable h is a TF object containing the numerator and denominator data.

For example, you can create the transfer function   [image: image9.png]


      by typing
h = tf([1 0],[1 2 10])

This command results in

Transfer function:

       s

--------------

s^2 + 2 s + 10
Method 2:
You can also specify transfer functions as rational expressions in the Laplace variable s by: 
Defining the variable s as a special TF model

             s = tf('s');

            Entering your transfer function as a rational expression in s 

For example, once s is defined with tf as in 1,

             H = s/(s^2 + 2*s +10);

produces the same transfer function as 

h = tf([1 0],[1 2 10]);
              MIMO Transfer Function Models
MIMO transfer functions are two-dimensional arrays of elementary SISO transfer functions. There are several ways to specify MIMO transfer function models, including:

· Concatenation of SISO transfer function models

· Using tf with cell array arguments 

Consider the rational transfer matrix
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Concatenation of SISO transfer function models
You can specify [image: image11.png]H(s



by concatenation of its SISO entries. For instance,

  h11 = tf([1 -1],[1 1]);



  h21 = tf([1 2],[1 4 5]);

                                 OR

   s = tf('s');

  h11 = (s-1)/(s+1);

     h21 = (s+2)/(s^2+4*s+5); 

     H = [h11; h21]

Transfer function from input to output...

      s - 1

 #1:  -----

      s + 1

          s + 2

 #2:  -------------

      s^2 + 4 s + 5
Using tf with cell array arguments 
Alternatively, to define MIMO transfer functions using tf, you need two cell arrays (say, N and D) to represent the sets of numerator and denominator polynomials, respectively

For example, for the rational transfer matrix [image: image12.png]


, the two cell arrays N and D should contain the row-vector representations of the polynomial entries of
                                       [image: image13.png]


 
N = {[1 -1]; [1 2]};       % cell array for N(s)

D = {[1 1] ; [1 4 5]};     % cell array for D(s)

H = tf (N,D)

Transfer function from input to output...

      s - 1

 #1:  -----

      s + 1

          s + 2

 #2:  -------------

      s^2 + 4 s + 5
                                  OR

sys=tf({[1 -1],[1 2 ]} ,{[1 1 ],[1 4 5 ]})
DISCRETE SYSTEMS
Creating discrete-time models is very much like creating continuous-time models, except that you must also specify a sampling period or sample time for discrete-time models. The sample time value should be scalar and expressed in seconds. You can also use the value -1 to leave the sample time unspecified.

Consider the above example in discrete time using TS=-1
TS=-1;

N = {[1 -1]; [1 2]};       % cell array for N(s)

D = {[1 1] ; [1 4 5]};     % cell array for D(s)

H = tf (N,D,TS)
Transfer function from input to output...

      z - 1

 #1:  -----

      z + 1

          z + 2

 #2:  -------------

      z^2 + 4 z + 5

                 ZERO POLE GAIN MODEL
zpk is used to create zero-pole-gain models (ZPK objects) or to convert TF or SS models to zero-pole-gain

form. sys = zpk(z,p,k) creates a continuous-time zero-pole-gain model with zeros z, poles p, and gain(s) k.
CONTINEOUS SYSTEMS
                  SISO ZERO POLE GAIN MODEL
In the SISO case, z and p are the vectors of real- or complex-valued zeros and poles, and k is the real- or complex-valued scalar gain.
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Set z or p to [ ] for systems without zeros or poles. These two vectors need not have equal length and the model need not be proper (that is, have an excess of poles).
       Method 1:
  Consider the transfer function       [image: image15.png]



>> [z p k]=tf2zpk([1 0],[1 2 10])

z =

     0

     0
p =

  -1.0000 + 3.0000i

  -1.0000 - 3.0000i

k =

     1

>> h=zpk(z, p, k)

Zero/pole/gain:

      s^2

----------------

(s^2  + 2s + 10)
                                                               OR 

Method 2:
You can also use rational expressions to create a ZPK model. To do so, use either: 

· s = zpk('s') to specify a ZPK model from a rational transfer function of the Laplace variable,s. 

· z = zpk('z',Ts) to specify a ZPK model with sample time Ts from a rational transfer function of the discrete-time variable, z.
H(s) = 3(s-2)/(s^2-4s+5)

Alternately,

s = zpk('s') 
H = 3*(s-2)/(s^2-4*s+5) 
                        MIMO ZERO POLE GAIN MODEL
To create a MIMO zero-pole-gain model, specify the zeros, poles, and gain of each SISO entry of this model. In this case: 

· z and p are cell arrays of vectors with as many rows as outputs and as many columns as inputs, and k is a   matrix with as many rows as outputs and as many columns as inputs. 

· The vectors z{i,j} and p{i,j} specify the zeros and poles of the transfer function from input j to output i. 

· k(i,j) specifies the (scalar) gain of the transfer function from input j to output i. 
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z = {[] ; -0.5}

p = {0.3 ; [0.1+i 0.1-i]}

k = [1 ; 2]

H = zpk(z,p,k)  
 Zero/pole/gain from input to output...

                                   1

                        #1:  -------

                               (z-0.3)

                                    2 (z+0.5)

                     #2:    --------------------

                             (z^2  - 0.2z + 1.01)

DISCRETE TIME SYSTEMS
sys = zpk(z,p,k,Ts) creates a discrete-time zero-pole-gain model with sample time Ts (in seconds). Set Ts = -1 or Ts = [] to leave the sample time unspecified. The input arguments z, p, k are as in the continuous-time case.
z = zpk('z',0.1); 

H = (z+.1)*(z+.2)/(z^2+.6*z+.09)

Zero/pole/gain:

(z+0.1) (z+0.2)

---------------
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