Control Engineering                         Lab#1                                              05-cp-03                                                                      



1)-RESIDUE COMMAND:- 
The “residue” function of MATLAB can be used to compute the partial fraction expansion (PFE) of a ratio of two polynomials. 

                                    [R,P,K] = RESIDUE(B,A)
 output
The “residue” command gives three pieces of information: 
· The residues are given in output vector r, 

· The poles are given in output vector p, 

· The so-called direct terms are given in output vector k. 

When the order of the numerator polynomial is less than the order of the denominator polynomial there will be no direct 

When the order of the numerator equals the order of the denominator there will be one direct 
When the order of the numerator is one greater than the order of the denominator there will be two direct terms.
When the order of the numerator is two greater than the order of the denominator there will be three direct terms; 
That is, when the order of the numerator is p greater than the order of the denominator (with p=0) there will be p+1 direct terms
Input
The “residue” command requires two input vectors: 
· one holding the coefficients of the numerator and 

· one holding the coefficients of the numerator. 

The right-most element in these vectors corresponds to the z0 coefficient, the next element to the left is the z1 coefficient, etc., until you reach the highest power; if a power is not present it has a zero coefficient.
2)-PRINTSYS COMMAND

   PRINTSYS is used to print state space systems with labels to the right and above the system matrices or to print transfer functions as a ratio of two polynomials.

                               PRINTSYS (A,B,C,D,ULABELS,YLABELS,XLABELS) 
                          PRINTSYS (A,B,C,D) prints the system with numerical labels.
              PRINTSYS (NUM,DEN,'s') or PRINTSYS(NUM,DEN,'z') 
Prints the transfer function as a ratio of two polynomials in the transform variables’s’ or 'z'.
3)-Transfer function
In order to enter a transfer function into MATLAB, the variables much be given numerical value, because MATLAB cannot manipulate symbolic variables without the symbolic toolbox.  Enter the numerator and denominator polynomial coefficients separately as vectors of coefficients of the individual polynomials in descending order.   The syntax for defining a transfer function in MATLAB is:
                   transferfunction = tf(num, den)   
where num is defined as the vector of numerator coefficients, and den is defined as the vector of denominator coefficients.
Input the transfer function X(s)/F(s) = 1/[ms2 + bs + k] into MATLAB:
>> m = 2;
>> b = 5;
>> k = 3;
>> num = [ 1 ];
>> den = [ m b k ];
>> tutorial_tf = tf(num, den)
MATLAB will assign the transfer function under the name tutorial_tf, and output the following:
Transfer function:
       1
---------------
2 s^2 + 5 s + 3
              

There are two commands for represent system in to zero pole form
· TF2ZP  

· SS2ZP

 TF2ZP  COMMAND

                                                    [Z,P,K] = TF2ZP(NUM,DEN) 
 Finds the zeros, poles, and gains from a SIMO transfer function in polynomial form: 
output

This command returns three things
· The variable z returns all of the zeros in columns

· The variable p returns all of the poles in a column

· The variable k returns a column of gain values
Input
· NUM is the cofficient of numerator of polinomial 
· DEN is the cofficient of denumerator of polinomial 

                        [image: image1.png]>> [2,P,K] = tf2ap([1 3],[2 5 31)
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SS2ZP  COMMAND
a state space representation is a mathematical model of a physical system as a set of input, output and state variables related by first-order differential equations.
                                                      z,p,k]=ss2zp(A,B,C,D,iu)
calculates the transfer function in factored form: 
            

There are two commands for represent system in to state space form
· TF2SS  

· ZP2SS
1)-TF2SS  COMMAND

Calculates the state-space representation    
                                              [A,B,C,D] = TF2SS(NUM,DEN)  

.

One important fact to note is that although there is only one transfer function that describes a system, you can have multiple state-space equations that describe a system. The tf2ss command returns the state-space matrices in control canonical form. Therefore, if you take a set of state-space equations, convert them into a transfer function, and then convert it back, you will not have the same set of state-space equations you started with unless you started with matrices in control canonical form.

2)-ZP2SS  COMMAND

                                                      [A,B,C,D] = zp2ss(z,p,k)
Again, it is important to note that more than one set of state-space matrices can describe a system. The state-space matrices returned from this command are also in control canonical form
      

There are two commands for represent system in to transfer function form

· SS2TF
· ZP2TF
1)-SS2TF  COMMAND

Suppose you have a set of state-space equations and you would like to convert them to the equivalent transfer function. This is done using the command
                                         [num,den] = ss2tf(A,B,C,D,iu)
For example, suppose you had the following set of state equations
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                      Input                                                           Output
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Here are some notes about ss2tf:
· The numerator, num, will have as many rows as there are outputs (or rows in the matrix C).

· The numerator and denominator are returned in descending powers of s

· Care must be taken to check the numerator and denominator, as zeros at infinity may produce erroneous transfer functions. 

2)-ZP2TF  COMMAND

To get a system described by a pole-zero model into a transfer function model, use the following command
                                        [num,den] = zp2tf(z,p,k)
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         Input                                                          Output
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The various control objects can be connected in series, parallel or negative feedback.This is summarized in Table 
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1)-SERIES  COMMAND
                                  SYS = SERIES(SYS1,SYS2,OUTPUTS1,INPUTS2) 

 SYS1 and SYS2 in series such that the outputs of SYS1 specified by OUTPUTS1 are connected to the inputs of SYS2 specified by INPUTS2.  The vectors OUTPUTS1 and INPUTS2 contain indices into the outputs and inputs of SYS1 and SYS2, respectively.  The resulting LTI model   SYS maps u1 to y2.
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2)-PARALLEL  COMMAND
                    SYS = PARALLEL(SYS1,SYS2,IN1,IN2,OUT1,OUT2) 

Connects the two  LTI models SYS1 and SYS2 in parallel such that the inputs specified by IN1 and IN2 are connected and the outputs specified  by OUT1 and OUT2 are summed.  The resulting LTI model SYS maps [v1;u;v2] to [z1;y;z2].  The vectors IN1 and IN2 contain indexes into the input vectors of SYS1 and SYS2, respectively, and define the input channels u1 and u2 in the diagram.  Similarly, the vectors OUT1 and OUT2 contain indexes into the outputs of these two systems.
                                  
[image: image6]
3) FEEDBACK COMMAND 
                                            SYS = FEEDBACK(SYS1,SYS2)
 Computes an LTI model SYS for the closed-loop feedback system.   Negative feedback is assumed and the resulting system SYS maps u to y.
                        
[image: image7]
   To apply positive feedback, use the syntax

                                          SYS = FEEDBACK(SYS1,SYS2,+1).
                                             

Program # 1 :-
num=[2 5 3 6] 

den=[1 6 11 6]

[r,p,k]=residue(num,den)

[num,den]=residue(r,p,k)

printsys(num,den,'S')

[image: image12.png]<) MATLAB

Fle Edt Vew Web Window Help

0 & u cu

105+ 50

5834752 +20 8 + 100

5>



Output :- 
Program # 2 :-

num=[2 5 3 6] 

den=[1 6 11 6]

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

disp('Zeros of the function is =  ')

disp(z)

disp('Poles of the function is =  ')

disp(p)

disp('Gain of the function is =  ')

disp(k)

Output:- 
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Program # 3 :-

num1=[10] 

den1=[1 2 10]

num2=[5] 

den2=[1 5]

[num,den]=series(num1,den1,num2,den2)

printsys(num,den,'S')

Output

Program # 4 :-

num1=[10] 

den1=[1 2 10]

num2=[5] 

den2=[1 5]

[num,den]=parallel(num1,den1,num2,den2)

printsys(num,den,'S')


Output:- 

Program # 5 :-

num1=[10 20 30 41 78 ] 

den1=[1 2 10 47 58 41]

num2=[5 47 1 2 89 ] 

den2=[1 5 41]

[num,den]=feedback(num1,den1,num2,den2)

printsys(num,den,'S')
Output:-


Program # 6 :-

num=[2 1 1 2] 

den=[1 4 8 2]

a=[0 1;-24 -4]

b=[1 1;1 0]

c=[1 0;0 1]

d=[0 0;0 0]

[a,b,c,d]=tf2ss(num,den)

printsys(num,den,'S')
Output:-

  SYS1





  SYS2





  SYS2





  SYS1





 V2





U





 Z1





 Z2





 V1





Y





  SYS2





  SYS1





U





V





     num =


              0    0.0010         0





     den =


         1.0000    0.0500         0





     A = [0   1 


          0  -0.05];


     B = [0; 


          0.001];


     C = [0 1];


     D = 0;





                      [num,den]=ss2tf(A,B,C,D) 





   z =


  4.9498    1.6362


   0       -4.9498       


  p =


              0


         0.2083


        -5.7753


         5.3851


  k =


         1.8182


                   4.5455








     num =


 0    0    1.8182        0    44.5460


 0   0    4.5455   -7.4373         0





   den =


         1.0000    0.1818  -31.1818    6.4786         0
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