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Matlab Note 
Since its introduction more than a decade ago, Matlab and its associated toolboxes have become one of the 
most widely used engineering, scientific and mathematical software tools in the world. Its initial appeal was 
that it provided a means of performing complex matrix algebra in a user-friendly matter. 

1.0 INTRODUCTION 

1.1 Entering the Matlab environment 

The >> is Matlab’s standard command prompt. 

 

1.2 Using Matlab as a Calculator 

One of the simplest use of Matlab is a basic calculator. Type a = 0.5: 

>> a = 0.5 

 

a = 

 

    0.5000 

Notice that Matlab repeats the result of your command to show you that it is accepted OK. Let’s put another 
variable 

>> b = 0.6666666666 

 

b = 

 

    0.6667 

 

Notice that Matlab has rounded up the number. You can change this by using the format command. For help 
in format, type help format 

>> help format 

Try displaying numbers in other formats, and have a look at different formats of b 
 



>> format long 
>> b 
 
b = 
 
   0.666666666600000 
 
>> a 
 
a = 
 
   0.500000000000000 
 
>> format short 
>> b 
 
b = 
 
    0.6667 
 
>> a 
 
a = 
 
    0.5000 
 
You can also use calculations, multiply and divide, as well as the normal arithmetic operations “+, -, *, /” with 
parenthesis () where necessary. Matlab also support the sine/cosine functions. 
 
>> c=a*b 
 
c = 
 
    0.3333 
 
>> d=sin(c) 
 
d = 
    0.3272 
Notice that Matlab uses radian by default. You can use multiple operations in one line 
 
>> d=d*360/(2*pi) 
 
d = 
 
   18.7469 
 
Notice that Matlab already knows what pi is (л).  
 
Matlab stores previous information. We can also call variables by its name, and you can assign as you like, 
although you cannot use spaces or arithmetic operations in variable name definitions. 
 
>> d_result = d 



 
d_result = 
 
   18.7469 
 
You can also recall all the variables that you have used. To recall, type 
 
>> who 
 
Your variables are: 
 
a         b         c         d         d_result   
 
Note: Always use the help function if you are unaware on the function to use. 
 
 
1.3 Plotting Data 
 
Type help plot for more details.  
 
>> x=0:0.5:2*pi 
 
x = 
 
  Columns 1 through 6 
 
         0    0.5000    1.0000    1.5000    2.0000    2.5000 
 
  Columns 7 through 12 
 
    3.0000    3.5000    4.0000    4.5000    5.0000    5.5000 
 
  Column 13 
 
    6.0000 
 
 
Try plotting x. To plot another plot on a different graph, type figure(2) and a new empty graph will appear as 
shown in figure 1.1 and 1.2 respectively. 
 
>> plot(x) 



 
Figure 1.1 

 
>> figure(2) 
>> plot(x,cos(x)) 

 
Figure 1.2 

 
To put two plots in one graph, use the hold command, and specifying the plot you want to see, say ‘*’ plot or 
‘o’ plot as shown in Figure 1.3. 
 
>> hold 
Current plot held 
>> plot(x,sin(x)) 
 
>> plot(x,sin(x),'*') 
>> plot(x,cos(x),'o') 



 

 
Figure 1.3 

 
You can add title, xlabel, ylabel for the title, x-axis, y-axis respectively as shown in Figure 1.4 

 
 

Figure 1.4 
 

 

 

 

 



2.0 CREATING TRANSFER FUNCTION 

To create a basic two forms transfer function i.e. a polynomial form given as 
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In Matlab we write 

>> num1 = 150*[1 2 7] 

>> den1 = [1 5 4 0] 

>> G1 = tf(num1,den1) 

 

To create a factored form of a polynomial 
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In Matlab  use the zpk function whereby zpk  Create zero-pole-gain models or convert to zero- 

pole-gain format. To use zpk function, in Matlab we write sys = zpk(Z,P,K) creates a continuous- 

time zero-pole-gain (zpk) model sys with zeros z, poles p, and gains k.  The output sys is a zpk  

object.   

>> K = 20 

>> num2 = [-2  -4] 

>> den2 = [-7 -8 -9] 

>> G2 = zpk(num2,den2,K) 

 

Notice that in Matlab we have ommitted out the ‘s’ expression. In Matlab, to rationalize the expression, i.e. to 
type the transfer function as you normally would write it, we type 

 

>> s = tf('s')  

 

The statement s = tf(‘s’) must precede the transfer function you wish to type in (in polynomial  

form), which is equivalent to G = tf(num,den). The following re-write G1(s) and G2(s) using the  

rational expression 

 

>> G1 = 150*(s^2+2*s+7)/[s*(s^2+5*s+4)] 

Transfer function: 

150 s^2 + 300 s + 1050 

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

          s^3 + 5 s^2 + 4 s 



 

>> G2 = 20*(s+2)*(s+4)/[(s+7)*(s+8)*(s+9)] 

Transfer function: 

                        20 s^2 + 120 s + 160 

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

s^3 + 24 s^2 + 191 s + 504 

 

2.1 Plotting with Step input 

First order system 

>> step(g) 

>> num = [1 5]; 

>> den = [1 2]; 

>> g = tf(num,den);grid 

Step response of a first order as shown in Figure 2.1 

>> step(g) 

 
Figure 2.1 
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Second order system 

(i) overdamped system 

>> numo = 9; 

>> deno = [1 9 9]; 

>> G1 = tf(numo,deno)  

>> step(G1) 

 

(ii) underdamped system 

>> numud = 9; 

>> denud = [1 2 9]; 

>> G2 = tf(numud,denud); 

>> step(G2)  

 

(iii) undamped system 

>> numu = 9; 

>> denu = [1 0 9]; 

>> G3 = tf(numu,denu); 

>> step(G3); 

 

(iv) critically damped system 

>> numc = 9; 

>> denc = [1 6 9]; 

>> G4 = tf(numc,denc); 

>> step(G4); 

 

These second order systems can also be plotted in the same graph 

 

2.2 Underdamped Second Order system 

Definition of  underdamped specification: 

1. Rise Time  

Time required for the waveform to go from 10% of the final value to 90% of the final value 

2. Peak Time 

Time required to reach the first, or maximum peak 

3. Percent Overshoot 

The amount the waveform overshoots the steady-state, or final value at the peak time, expressed as a 
percentage of the steady-state 

4. Settling Time 



Time required for the transient’s damped oscillations to reach and stay within ±2% of the steady-state 
value. 

 

In Matlab, right click on your figure to obtain the specifications required as shown in Figure 2.2. 

 
Figure 2.2 

 

3.0 REDUCTION OF SIMPLE SUBSYSTEMS 

3.1 Cascade System 

In Matlab, we can combine two transfer function connected in series. For example, if G1 and G2  

is in series, we can find the combined transfer function G3 manually as following 

>> G3 = G1*G2 

          Or using the Matlab function series yields the following 

     >> G3 = series(G1,G2)  

connects two Linear-Time-Invariant  models G1 and G2 in series  

     

         3.2 Parallel System 

When G1 and G2 are in parallel, the transfer function can be combined as following 

>> G4 = G1 + G2 

Or using the Matlab function parallel yields the following 

  >> G4 = parallel(G1,G2)  

connects the two models G1 and G2 in parallel. 

 



3.3 Feedback System 

When G1 has a feedback of H1, the following command can be used 

>> G5 = G1/(1 + G1*H1) 

Or using the Matlab function feedback yields the following 

   >> G5 = feedback(G1,G2)  

computes an LTI model G5 for the closed-loop feedback system 

 

Use the reduction system manually or use Matlab’s given function. Both will yield similar outcomes. 

 

 

4.0 SYSTEM WITH CONTROLLER 

 
4.1 PID Controller 
 
Characteristics of P, I and D Controllers 
This tutorial will show you the characteristics of each mode in a PID controller and how to use them to obtain 
a desired response. The two-mass system will be used as an example. 
 
A PID-controller in particular, consists of Proportional (P), Integral (I) and Derivative (D) modes. The general 
equation of a PID-controller in the s-domain is given by: 

𝐺!"# 𝑠 = 𝐾! +  
𝐾!
𝑠
+ 𝐾!𝑠 

When a full PID-controller is applied to a given system, a Proportional mode will ensure that the 
system goes to its steady state condition. However, an incorrect tuning of a P-mode will cause the system to 
have a large steady-state error i.e. causing the system to go further away from the desired input. On the other 
hand, an Integral mode forces the system to follow the desired input to obtain zero steady-state error. An 
improper tuning of an I-mode will cause the system to experience oscillatory response which can lead to 
instability. Finally, a Derivative mode will make the system reaches its steady-state condition faster. An 
incorrect tuning of a D-mode will cause an overshoot in the system and may lead to instability. 

A summarized tuning effects of the PID controller is shown in Table 2. 

Table 2 Effects of P, I and D controller on a Closed-loop system 

Output Response Rise Time Overshoot Settling Time Steady-state 
error 

Kp Decrease Increase Small Change Decrease 
Ki Decrease Increase Increase Eliminate 
Kd Small Change Decrease Decrease Small Change 

Note that these correlations may not be exactly accurate, because Kp, Ki and Kd are dependent of each other. In 
fact, changing one of these values can change the effect of the other two. For this reason, Table 2 should only 
be used as a reference and guide only in obtaining you final output response. 

 

 



5.0 SIMULINK 

In this section, an introduction of Simulink is presented. To use simulink, just type simulink in the 
workplace and a Simulink Library Browser will appear as shown in figure 1 below 
 

 
 

Figure 1 
In simulink, the library readily provide you with the necessary blocks that you want to use to build a block 
diagram. 
 
To build a simple block diagram, first open a new file. Example: to build a feedback system with a transfer 
function 𝐺 𝑠 = !

!!!
,  a step input with steady-state value 1, just go to the Commonly Used Blocks for the 

summing junction, scope (to visualize the output response) and mux (to accept more than one inputs to display 
in scope), Sources to obtain your step input and continuous library to obtain your transfer function block, and 
drag these blocks to your new simulink file, as shown in Figure 5.1. To change the default settings of these 
blocks, just double click and alter the variables as required. 
 



 
 

Figure 5.1 
In simulink, the block diagram must have a block for input and output for it to run without error. Students are 
encouraged to spend some time in simulink to be familiarize with the common blocks. 
 
5.1 Example of second order system 
 

 
 
 

	

	



6.0  TUTORIAL 
 
6.1 Modeling Tutorial - MATLAB 
 
Matlab can be used to represent a physical system or a model. In this section, an example of a system is given  

𝐺(𝑠) =
100(𝑠 + 1)

(𝑠! + 10𝑠 + 100)
 

 
The matlab coding for the given system is given in Figure 6.1. 
 
% Example 
num = [100 100]; 
den = [1 10 100]; 
[A,B,C,D] = tf2ss(num,den); 
t = [0:0.001:5]; 
  
  
sys = tf(num,den); 
sys1 = ss(A,B,C,D); 
y = step(sys,t); 
  
plot(t,y);grid 
  
% Make the step response to have 
% 1) Settling time < 1sec 
% 2) % overshoot < 10%  

Figure 6.1 
 
Plotting this in Matlab will yield the following step response i.e. an open loop response of the system with a 
step input, as shown in Figure 6.2. 
 

 
 

Figure 6.2 Open Loop Response of G(s) with a step input 
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It can be seen that the system goes to a steady-state value however the overshoot in the beginning of the 
response is very large i.e. 600% overshoot. To obtain a better output response, we shall need a controller. The 
most common used controller is a PID controller as was discussed in the previous section. 
 
For the given system, the step response must have a settling time of less than 1 second and a percentage 
overshoot of 10% or less. 
 
num = [100 100]; 
den = [1 10 100]; 
[A,B,C,D] = tf2ss(num,den); 
t = [0:0.001:1]; 
  
sys = tf(num,den); 
%sys1 = ss(A,B,C,D); 
y = step(sys,t); 
 
figure (1) 
plot(t,y);grid 
  
numpi = [2 100]; 
denpi = [1 0]; 
syspi = tf(numpi,denpi); 
sys_se = series(sys,syspi); 
sys_fb = feedback(sys_se,1); 
y_fb = step(sys_fb,t); 
  
figure (2) 
plot(t,y_fb);grid 

Figure 6.3 
 
Using a PI-controller,  the matlab coding is as given in Figure 6.3. The improved output response of the given 
system is obtained as shown in Figure 6.4. 
 



 
Figure 6.4 Improved Performance of output response 

 
 
6.2 Modeling Tutorial – SIMULINK 
 
Instead of using m-file to improve the output response of the system, we can use Simulink instead. In 
Simulink, the following block diagram is obtained as shown in Figure 6.5 when a PI-controller is applied. The 
output response obtained is shown in Figure 6.6. 
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Figure 6.5 
 
 

 
Figure 6.6 Output response from Simulink 

 



The data from simulink can be transferred to the workspace using the block simout. The connected block 
diagram is shown in Figure 6.7. By double-clicking the block, you need to change the save format to array. 
 

 
 

Figure 6.7 simout block 
 

 
 
 
 
In the Matlab workspace, the response can be replotted by calling back the variables from the simulink using 
the function who as shown below 
 
>> who 
 
Your variables are: 
 
simout  tout     
 
>> plot(tout,simout);grid 
 


