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Control System Laboratory is very important laboratory both for Electrical 

Engineering and Electronics & Communication Engineering students. In this lab 

both simulation and hardware based experiments are conducted. Students can 

analyze the system, test the performance of the controller using simulation and 

compare the corresponding results with hardware experiment results. This 

laboratory is used for the undergraduate 3nd year 5th semester students for course 

EENUGPC11.  

 
 

Course Outcomes:  

CO1: Students will be able to determine the time responses of 2nd order linear 

system using both MATLAB and hardware circuit.  

CO2: Students will be able to analyze the system in frequency domain using 

MATLAB and hardware.  

CO3: Students will be able to learn to design proportional-integral (PI) and 

proportional derivative (PD) controllers for the system.  

CO4: Students will be able to visualize D.C. motor speed and position control 

system. 

 

Assessment Criteria: 

1. Regular attendance to classes. 

2. Experimental result and lab report. 

3. Regular performance. 

4. End semester final examinations. 
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Control Systems Lab (EENUGPC11) 
 

 

List of the Experiments 
 

 

Part A: Simulation (using MATLAB)  

1. Introduction to MATLAB and Familiarization with MATLAB-Control System 

toolbox & SIMULINK  

2. Block diagram reduction & determination of pole and zero from transfer function.  

3. Simulation of linear systems with standard inputs and determination of time 

response specifications.  

4. Determination of root locus.  

5. Determination of Bode plot.  

6. Determination of Nyquist plot.  

7. Introduction to proportional-integral (PI), proportional-derivative (PD) and 

proportional-integral-derivative (PID) controllers.   

 

Part B: Hardware  

1. To study time-response of 1st and 2nd order LTI systems.  

2. To study proportional-integral (PI), proportional-derivative (PD) and 

proportional integral-derivative (PID) controllers.  

3. To study lag-lead compensator. 

4. To study the D.C. servo motor position and speed control. 
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Part A: Simulation (using MATLAB) 
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Experiment No.1 
 
Title:  Introduction to MATLAB and Familiarization with MATLAB-

Control System toolbox & SIMULINK. 
 
Object:  To become familiar with Control System toolbox. 

  

Introduction to MATLAB: 

 MATLAB Stands for MATrix LABoratory. The system was designed to make matrix 

computation particularly easy. 

 What is MATLAB? 

 MATLAB is a computer program that combines computation and visualization 

power that makes it particularly useful tool for engineers. 

  MATLAB is an executive program, and a script can be made with a list of 

MATLAB commands like other programming language. 

 The MATLAB environment allows the user to: 

 manage variables 

 import and export data 

 perform calculations 

 generate plots 

 M-file editor: 

 Create and edit scripts of commands called M-files. 

 Graphic (Figure) Window: 

 Displays plots and graphs 

 Created in response to graphics commands. 

 Getting Help: Type one of following commands in the command window: 

 help – lists all the help topic. 

 help topic – provides help for the specified topic. 

 help command – provides help for the specified command. 

 help help – provides information on use of the help command. 

 helpwin – opens a separate help window for navigation. 

 lookfor keyword – Search all M-files for keyword. 

 Matlab is case sensitive, i.e. a & A are different variables. 

 when a semi-colon ”;” is placed at the end of each command, the result is not displayed. 
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Experiment No.2 
 

Title:   Block diagram reduction & determination of pole and zero from 

transfer function. 
 

Object:    

1. To reduce block diagram of an LTI system. 

2. To represent LTI systems in terms of transfer function and pole-zero-gain form.  
3. To plot the poles and zeros of an LTI system. 

 
MATLAB Representation of system:  

The transfer function of a system is represented by two arrays of numbers. Consider a system with 

transfer function 
01

2

2

01)(
dsdsd

nsn
sG




  . This system can be represented as two arrays, each 

containing the co-efficient of the polynomials in decreasing power of s as follows: 

   num = [ n1  n0 ] 

  den = [ d2  d1  d0 ] 

  G = tf(num,den) 

 

Determination of series (cascaded), parallel and feedback (closed-loop) transfer 
function with MATLAB: 

Suppose that two systems with transfer functions G1(s) and G2(s) are connected in series where 

2

2
)(,

1

1
)( 21

den

num
sG

den

num
sG     

 

The transfer function of the cascaded system can be determined using series command. 

G1= tf(num1,den1) 

  G2= tf(num2,den2) 

  sys= series(G1,G2) 

If G1 and G2 are in parallel, then MATLAB command- 

  sys= parallel(G1,G2) 

For a closed- loop system with forward path transfer function G(s) and feedback path transfer 

function H(s), the command feedback results in closed-loop transfer function. 

  sys= feedback(G,H,-1)  % for Negative feedback system 

  sys= feedback(G,H,+1) % for Positive feedback system  

For a unity feedback system with forward path transfer function G the closed-loop transfer function 

is given by- sys= feedback(G,1,-1)  % for Negative feedback system 

  sys= feedback(G,1,+1) % for Positive feedback system 
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Partial fraction expansion with MATLAB: 

Consider a system
den

num
sG )( . 

The command [r,p,k]= residue(num,den) finds the residues(r), poles(p) and direct terms(k) of the 

partial fraction expansion of the ratio of two polynomials . 

The residue command can also be used to form the polynomials from its partial fraction expansion 

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

 

Finding zeros and poles of system with MATLAB: 

MATLAB has a command  [z,p,k]= tf2zp(num,den) to obtain the zeros, poles and gain K of 

den

num
sG )( . 

If the zeros, poles and gain K are given, then MATLAB command- [num,den]= zp2tf(z,p,k)  

 

Assignment-1 

1.  (i) Write a program to obtain the transfer functions 

a) 
)5(

10
)(1




ss
sG  b) 

)103(

)1(
)(

22





sss

s
sG  

(ii) Find out the transfer function of the resultant system when G1(s) and G2(s) are connected 

in series and parallel. 

(iii) Find out the closed-loop transfer function of the system G1(s) with unity feedback (positive 

and negative). 

2. Two systems with transfer functions 
5

5
)(1




s
sG  & 

4

3
)(2




s
sG  are connected in such a way 

that G1(s) is in the forward path and G2(s) is in feedback path. Find out the resultant transfer 

function. When G2(s) is in forward path and G1(s) is in feedback path then determine the 

resultant transfer function.   

1. Determine overall transfer function of the system as shown in figure below using MATLAB 

(MATLAB program).  
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4.   Determine overall transfer function of the system as shown in figure below using MATLAB 

(Simulink block diagram).  
 

 
 

Assignment-2 
 

1. i) Obtain the partial fraction of the following transfer functions. 

              
)12)(1(

2

 sss
   ;  

133

32
23

2





sss

ss
. 

ii) Find the poles, zeros and gain of the following systems- 

)414413(

)1054(
234

2





sss

ss
;

133

32
23

2





sss

ss
 

iii) From poles & zeros and gain of a system determine the transfer function: 

a)    z=[-3   -1] ;  p=[0  -6  -4  -2]; k=[4] 

b)   z=[-5   -1  0]; p=[ 6   -5   3   2] ;k=[6] 

 

2.   Consider the block diagram of a unity feedback system shown below. 

 

Find out the open-loop poles and zeros using MATLAB. Determine the roots of the   

characteristic equation and sketch a pole-zero map. 
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 Experiment No. 3 
 
Title: Simulation of linear systems with standard inputs and determination 

of time response specifications.  
 

Object:  

1. To determine the step, impulse and ramp responses of LTI systems. 

2. To determine the time-domain specifications for unit system stability from step and   impulse 

response. 

3. To determine the stability of the system from responses. 

4. To determine steady state error and static error constants. 

 
Theory: 

Consider the general block diagram of a second-order system as shown in figure below.  

 

So the transfer function of the closed-loop system is 
𝐶(𝑠)

𝑅(𝑠)
=

𝜔𝑛
2

𝑠2+2𝜁𝜔𝑛𝑠+𝜔𝑛
2 where 0 < ζ < 1.  

The transient response of the system depends on the value damping ratio, ζ. Standard performance 

measures of a second order feedback system are defined in terms of step response of a system.  

For unit step input, the output is 𝐶(𝑠) =
𝜔𝑛
2

𝑠(𝑠2+2𝜁𝜔𝑛𝑠+𝜔𝑛
2)

. 

So the transient output of the system is 𝑐(𝑡) = 1 −
𝑒−𝜁𝜔𝑛𝑡

√1−𝜁2
sin⁡(𝜔𝑑𝑡 + 𝜃) where ωd is the damped 

frequency and 𝜃 = tan−1 (
√1−𝜁2

𝜁
). 

 

 

 

 

 

 

𝜔𝑛
2

𝑠2 + 2𝜁𝜔𝑛𝑠 + 𝜔𝑛
2
 C(s) R(s) + 

− 
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The response of the second order system is shown in figure below. 

 
 

Type of the system: 

Consider the following open-loop transfer function
)1)...(1)(1(

)1)...(1)(1(
)()(

21 




sTsTsTs

sTsTsTK
sHsG

n

N

mba . 

It involves the term sN in the denominator, representing a pole of multiplicity N at the origin. The 

system may be classified on the basis of the no. of integrators present at the origin. A system is 

called type-0, type-1, type-2… if N=0, N=1, N=2… respectively. 

 

Stability: 

Stability is an important property of the system. Stability can be determined from the response of 

the system. If for a bounded input, output is also bounded then the system is known as stable. But 

if for a bounded input output is unbounded then the system is unstable. But for an unbounded input 

we cannot say anything about system stability. For the impulse response if the area under the curve 

is finite then the system is said to be stable and if the area under the curve is infinite then the system 

is said to be unstable. 

 

Procedure: 

Determination of step response using MATLAB: 

If num and den are known, MATLAB commands such as 

 step(num,den), step(num,den,t)  

will generate plots of unit-step responses ( t in the step command is the user specified time) 

The unit impulse response of a control system may be obtained by using MATLAB command- 

 impulse (num,den)  
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To obtain the response for an arbitrary time dependent input, the command lsim may be used. 

 lsim (num, den,r,t) 

will generate the response time dependent input r. 

The time response can be analyzed using the LTI Viewer, which is a graphical user interface for 

viewing and manipulating response plots of LTI models. 

 ltiview(‘step’, sys) 

will open a window displaying the step response of the LTI model sys. 

 

Procedure for drawing SIMULINK model: 

Step 1: Enter simulink command at the MATLAB prompt. Select New from the File menu on 

the menu bar of the simulink and then select Model to open a new file. 

Step 2: Expand the node labeled “Simulink”. Select required source from Sources library and 

drag this to the file.  

Step 3: Select Transfer function from Continuous library and drag this to the file.  

Step 4: For closed-loop system select Sum from Math library drag this to the file.  

Step 5: Select Scope from the Sinks library drag this to the file.  

Step 6: Connect these blocks as per your system. 

Step 7: Double click on each blocks and change different parameters as per problems given. 

Step 8: Use Simulation Start to simulate. Click on the Time Scope to observe the nature of output. 

 

Example:  

1. Consider a unity feedback system with forward path transfer function  
)1(

1
)(




ss
sG  . Find 

out step response and time domain specifications and also comment on system stability. 

Program: >> n=[1]; 

>> d=[1 1 0]; 

>> s=tf(n,d); 

>> step(s) 

>> s1=feedback(s,1,-1); 

>> step(s1) 
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Output: 

   

The step response is here bounded signal. So the closed loop system is a stable. 

 

2. Find out the step response of a type-0 system with unity feedback using SIMULINK toolbox. 

    SIMULINK block diagram of the system: 

 
Step response of the system:  

 

 

Assignment  

From help menu note the following commands: damp, step, impulse, lsim, ltiview. 

1. Consider the transfer function 𝑮(𝒔) =
𝟏𝟔

𝒔𝟐+𝒔+𝟏𝟔
. Determine damping ratio and natural frequency 

of the system. 
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2. Consider a unity feedback system with open loop transfer function
)4(

25
)(




ss
sG . Find out 

unit step, impulse responses of the system and comment on stability. 

3.  Consider the system shown in figure below where 𝜁 is damping ratio. 

                                           
Determine the unit step responses and transient response specifications for 𝜁=0, 0.2, 0.7, 1, 3 

and also compare the transient response specifications. 

4.   Consider the transfer functions of a type-0, type-1 and type-2 control systems. Find out unit 

step, impulse responses of the system and comment on stability. 

5. Consider a unity feedback system with open loop transfer function
)4(

16
)(




ss
sG . Find out 

unit step closed-loop response of the system using SIMULINK toolbox. 

6.  Using “lsim” command obtain the unit ramp response of the system with transfer function

)1(

1

)(

)(
2 


sssR

sC
. 

7.  A unity-feedback system is characterized by the open-loop transfer function  

)12.0)(15.0(

1
)(




sss
sG  . Determine the error constants vP KK ,  and aK . 

 
 
 
 
 
 
 
 
 
 
 

R(s) 𝜔𝑛
2

𝑠2 + 2𝜁𝜔𝑛𝑠 + 𝜔𝑛
2
 

C(s) + 

− 



Electrical Engineering Department 

Aliah University 

Control Systems Lab (EENUGPC11) 

 
 

Experiment No. 4 
 

Title:  Determination of Root Locus. 
 

Object: To determine system’s stability and relative stability using root locus technique. 

 

Theory: 

The root-locus technique is a graphical method for drawing the locus of roots in the s-plane as a 

parameter of the system is varied. The gain of the open-loop transfer function is the parameter to 

be varied from zero to infinity. The root-locus method enables us to find the closed-loop poles 

from the open-loop poles and zeros with the gain as variable parameter. 

From root locus we can determine the stability and relative stability of the system. The value of 

the parameter for a desired root location can be determined from the locus. Root locus is a powerful 

technique as it brings into focus the complete dynamic response of the system and designer can 

visualize the effects of varying various system parameters on root locations.   

 

Procedure: 

 Consider open-loop transfer function
den

num
sG )(  then characteristic equation- 

 Kden 0num .  

Here MATLAB command used for plotting root loci is-   

   G=tf(num,den) 

   rlocus(G) 

The gain factor K is automatically determined. 

  The function rlocfind returns the feedback gain associated with a particular set of poles on the root 

locus. 

   [K, poles]=rlocfind(G) 

is used for interactive gain selection. The function rlocfind puts up a cross hair cursor on the root 

locus plot that you use to select a particular pole location. The root locus gain associated with this 

point is returned in K and the column vector poles contains the closed-loop poles for this gain. 

 

 

Example: 

1. Consider the systems whose open-loop transfer function G(s)H(s) are given by 
)2)(1(  sss

k
  

Plot root-loci and find the maximum value of k for stability. 

 

 

Program:   >>k=1; 
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 >>n=[k]; 

    >>d=conv([1 1 0],[1 2]); 

 >>s=tf(n,d); 

 >>rlocus(s) 

 >> [k,poles]=rlocfind(s) 

 

Select a point in the graphics window 

selected_point = 

-0.0022 + 1.3259i 

   k = 

         5.2755 

  poles = 

-2.9316           

      -0.0342 + 1.3410i 

      -0.0342 - 1.3410i 

Output: 

 
 

The maximum value of k for stability 5.2755. 

 

 

Assignment 
 

From help menu note the following commands: rlocus, rlocfind. 

1. Consider the system where open-loop transfer function
)5)(3(

)()(



sss

k
sHsG . Using 

MATLAB, plot the root locus and find the maximum value of k for stability and k at the 

breakaway point. 
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2. Consider the unity-feedback control system with the feed-forward transfer function 

2
( )

( 4 13)

k
G s

s s s


 
.Plot the root loci and determine the value of k where damping ratio is 

𝜁 = 0.5. 

 

3. Consider the unity-feedback control system with the feed-forward transfer function  

𝑮(𝒔) =
𝑲

(𝒔 + 𝟐)(𝒔 + 𝟒)(𝒔 + 𝟔)(𝒔 + 𝟖)
 

Plot the root loci and find the maximum value of k for stability and k for ζ=1. 

 

4. Consider the unity-feedback control system with the forward path transfer function  

𝑮(𝒔) =
𝑲(𝒔 + 𝟖)(𝒔 + 𝟔)

(𝒔 + 𝟐)(𝒔 + 𝟒)
 

Plot the root loci and find the value of k for ζ=1. 

 

5. Consider the unity-feedback control system with the forward path transfer function 

𝑮(𝒔) =
𝑲

𝒔(𝒔 + 𝟐)(𝒔𝟐 + 𝟒𝒔 + 𝟏𝟑)
 

Plot the root loci and find the value of k for ζ=1. 

 

6. Consider the unity-feedback control system with the forward path transfer function  

𝑮(𝒔) =
𝑲(𝒔 + 𝟖)

(𝒔 + 𝟓)(𝒔𝟐 + 𝟒𝒔 + 𝟏𝟑)
 

Plot the root loci. 
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Experiment No. 5 
 

Title: Determination of Bode Plot.  
 

Object: To determine system’s stability and relative stability from the Bode plot. 

 
Theory: 
 

Bode plot is one of the frequency response analysis. Bode plot consists of two graphs. One is a 

plot of the logarithm of the magnitude of a sinusoidal transfer function vs. frequency in log scale 

and the other is a plot of the phase angle vs. frequency in log scale. Magnitude plot and Phase plot 

are known as Bode plot in honor of H.W.Bode who did the basic work in this area. Bode plot can 

be constructed by using straight-line approximations that are the asymptotic to the actual plot. So 

Bode plot is also known as asymptotic plot. The standard representation of the logarithmic 

magnitude of G(j) is 20log10G(j). The unit used in this representation of the magnitude is the 

decibel, usually abbreviated dB. In the logarithmic representation, the curves are drawn on semi 

log graph paper, using the log scale for frequency and the linear scale for either magnitude or phase 

angle.    

Using Bode plot stability and also relative stability can be determined. Here also the measures of 

relative stability gain-margin (GM), phase margin (PM), gain crossover frequency and phase 

crossover frequency can be determined. 

 

Procedure: 

For the system with open-loop transfer function 
den

num
sG )( , MATLAB command -    

  G=tf(num,den) 

  bode(G) 

generates the Bode frequency-response plots. This function automatically selects the frequency 

values by placing more points in regions where the frequency response is changing quickly. 

To specify the frequency range, use the command –  

w=logspace(d1,d2,n) 

               bode(G,w) 

Here MATLAB generates n points logarithmically equally spaced between decades 10d1and 10d2. 

Command- [mag,phase,w]=bode(G,w)  returns  the frequency response of the system in matrices 

mag, phase and w. 

[Gm,Pm,Wcp,Wcg] = MARGIN(SYS)   
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returns the gain margin Gm, the phase margin Pm, Wcp phase cross-over frequency and Wcg gain 

cross-over frequency of the given SISO open-loop model SYS (continuous or discrete). 

 

Example: 

The open-loop transfer function of a system is
)11.0)(1(

)2(





ss

s
. Determine the Bode plot and find 

the gain margin, phase margin, gain cross-over frequency and phase crossover frequency of the 

system and comment on stability of the closed-loop system. 

Program: >> n=[1 2]; 

>> d=conv([1 1],[0.1 1]); 

>> s=tf(n,d); 

>> bode(s) 

>> margin(s) 

 

Output: 

 
 

Here phase crossover frequency is greater than the gain crossover frequency. So here the closed 

loop system is stable. 

 

Assignment 

From help menu note the following commands: bode, margin. 

1.  Obtain Bode plot of the systems whose open-loop transfer functions are G(s)H(s)=100, 

𝑮(𝒔)𝑯(𝒔) =
𝟏

𝒔
, 𝑮(𝒔)𝑯(𝒔) =

𝟏

𝒔𝟐
, 𝑮(𝒔)𝑯(𝒔) = 𝒔, 𝑮(𝒔)𝑯(𝒔) = 𝒔𝟐,𝑮(𝒔)𝑯(𝒔) =

𝟒

𝒔𝟐+𝟐𝒔+𝟒
. 
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2. Obtain the Bode plot of the system whose open-loop transfer function is 𝑮(𝒔)𝑯(𝒔) =
𝟏𝟎𝟎

𝒔(𝒔+𝟐)(𝒔𝟐+𝟐𝒔+𝟒)
 and find the gain margin, phase margin, gain cross-over frequency and phase 

crossover frequency of system and comment on stability. 

3. Obtain the Bode plot of the system whose open-loop transfer function is 𝑮(𝒔)𝑯(𝒔) =
𝟏

𝒔(𝒔+𝟐)(𝒔𝟐+𝟐𝒔+𝟒)
 and find the gain margin, phase margin, gain cross-over frequency and phase 

crossover frequency of system and comment on stability. 

4. Obtain the Bode plot of the system whose open-loop transfer function is 𝑮(𝒔)𝑯(𝒔) =
𝟏𝟎(𝒔+𝟐)

𝒔(𝟐𝒔+𝟏)(𝒔𝟐+𝒔+𝟏)
 and find the gain margin, phase margin, gain cross-over frequency and phase 

crossover frequency of system and comment on stability. 
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Experiment No. 6 
 

Title: Determination of Nyquist Plot.  
 
Object: To determine system’s stability and relative stability from the Nyquist plot. 

 

Theory: 

Nyquist stability criterion provides the information on the absolute stability and also on the relative 

stability of a control system. 

Nyquist stability criterion: If open-loop transfer function G(s)H(s) has K poles in the right half 

s-plane, then for stability the G(s)H(s) locus as a representative point s traces on the modified 

Nyquist path in the clock-wise direction, must encircle the (-1+j.0) point K times in the counter 

clock-wise direction.   

Phase crossover frequency: The frequency at which the phase angle is 1800 is called the phase 

crossover frequency. 

Gain crossover frequency: The frequency at which the magnitude of G(j)H(j) is equal to 1 is 

known as gain crossover frequency. 

Gain Margin (GM): It is the factor by which the system gain can be increased to drive it to the 

verge of instability. Gain margin is the reciprocal of gain at phase crossover frequency. 

Phase Margin (PM): The phase margin is the amount of additional phase lag at the gain crossover 

frequency required to bring the system to the verge of instability. 

For a stable system both gain margin (GM) and phase margin (PM) are positive or phase 

crossover frequency is greater than gain crossover frequency. 

 

Procedure: 

The command nyquist(G)  draws the Nyquist plot of the transfer function 
den

num
sG )( . 

The command nyquist(G,w) calculates the frequency response at the frequency points in radians 

per second. 

MATLAB command  [re,im,w]=nyquist(G)  

returns the frequency response of the system in the matrices re, im, w. The matrices re and im 

contains the real and imaginary parts of the frequency response of the system, evaluated at the 

frequency points specified in the vector w.   

 



Electrical Engineering Department 

Aliah University 

Control Systems Lab (EENUGPC11) 

 
 

Example: 

Obtain Nyquist plot of the system whose open-loop transfer functions is 
1

1
2  ss

given and 

analyze the result for stability. 
 

  Program:   >> n=[1]; 

>> d=[1 1 1]; 

>> s=tf(n,d); 

>> nyquist(s) 

   Output: 

  
 

 

Assignment 

From help menu note the following commands: nyquist 

1. Obtain the Nyquist plot of the system whose open-loop transfer function is 𝑮(𝒔)𝑯(𝒔) =
𝟏𝟎𝟎

𝒔(𝒔+𝟐)(𝒔+𝟒)
 and find the gain margin, phase margin, gain cross-over frequency and phase 

crossover frequency of system and comment on stability. 

2. Obtain the Nyquist plot of the system whose open-loop transfer function is 𝑮(𝒔)𝑯(𝒔) =
𝟏

𝒔(𝒔+𝟐)(𝒔+𝟒)
 and find the gain margin, phase margin, gain cross-over frequency and phase 

crossover frequency of system and comment on stability. 

3. Obtain the Nyquist plot of the system whose open-loop transfer function is 𝑮(𝒔)𝑯(𝒔) =
𝟏𝟎(𝒔+𝟐)

(𝒔𝟐+𝒔+𝟏)
 and find the gain margin, phase margin, gain cross-over frequency and phase crossover 

frequency of system and comment on stability. 
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4. Obtain the Nyquist plot of the system whose open-loop transfer function is 𝑮(𝒔)𝑯(𝒔) =
(𝒔𝟐+𝟐)

(𝒔𝟐+𝒔+𝟏)
 and find the gain margin, phase margin, gain cross-over frequency and phase crossover 

frequency of system and comment on stability. 
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Experiment No. 7 
 

Title:  Introduction to proportional-integral (PI), proportional-derivative 
(PD) and proportional-integral-derivative (PID) controllers.  

 

Object: To observe the effect of PD, PI, and PID controllers on system response. 
 

Theory: 

The PID controller is the proportional plus derivative plus integral controller. The PID controller 

improves both the steady state and transient response parts of the system.     

 

Proportional Controller: Transfer function of Proportional controller - pP ksG )(  

Integral Controller: Transfer function of Integral controller- 
s

k
sG I

I )(  

Derivative Controller: Transfer function of Derivative controller- sksG DD )(  

 

PID Controller: Transfer function of PID controller: sk
s

kksG DIPC 
1

)(  

 

EXAMPLE:  

Consider a unity feedback system with forward path transfer function
)6.1(

16
)(




ss
sG . Determine 

closed-loop transfer function of the system. Also determine closed-loop transfer function of the 

system with PD controller in the forward path with 1pk and 3.0Dk .  

Then compare step responses for the systems- a) without PD controller b) with PD controller.  

 

Program: >> n = [16]; 

>> d = [1 1.6 0]; 

>> s = tf(n,d); 

   >> s1=feedback(s, 1,-1) 

   >> step(s1) 

>> kp=1; 

>> nd=[0.3 0]; 

>> dd=[1]; 

>> kd=tf(nd,dd); 

>> gc=parallel(kp,kd); 
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   >> s2=series(s,gc) 

   >> s3=feedback(s2,1,-1) 

   >> step(s3) 

 

Output: 

 
 

 
 

Discussion: PD controller decreases the time domain specifications rise-time, maximum 

overshoot, peak time and settling time. Thus PD controller improves the 

transient part of the response.  

 



Electrical Engineering Department 

Aliah University 

Control Systems Lab (EENUGPC11) 

 
 

Assignment 

1. Consider a system with forward path transfer function 
)1(

5
)(




ss
sG .  

a. Add a PI controller in the forward path with  𝐾𝑃 = 0.0.013 &𝐾𝐼 = 0.0005. Compare rise 

time, peak time, maximum overshoot, settling-time and steady-state error for the system 

with PI controller and without PI controller for unit step input. 

b. Add a PID controller in the forward path with 𝐾𝑃 = 2.786, 𝐾𝐷 = 3.25 and 𝐾𝐼 = 0.33. 

Compare rise time, peak time, maximum overshoot, settling-time and steady-state error 

for the system with PID controller and without PID controller for unit step input. 

2. The block diagram of a control system is shown in fig. bellow. 

 

 

 

 

 

Determine the values of Kp  and KD so that the unit step response of the system has 2% maximum 

overshoot and settling time 1sec. and compare the time domain specifications when input is unit 

step input. 

 

 

 

   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

+ 

 

R(s)   
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Part B: Hardware 
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Experiment No. 1 
 

Title:  To study time-response of 1st and 2nd order LTI systems. 

 

Object:  
1. To determine the step response and time response specifications of 1st order system. 

2. To determine the step response and time response specifications of 2nd order system.  

 
Apparatus required: 

1. Linear system simulator trainer kit 

2. CRO/DSO 

 
Theory: 

 Unit step response of 1st order system 

 
 

Transfer function of the closed-loop system- 
𝐶(𝑠)

𝑅(𝑠)
=

1

𝑇𝑠+1
  where T is the time constant of the 

system.     

Here 𝑅(𝑠) =
1

𝑠
;   𝑐(𝑡) = (1 − 𝑒

−𝑡
𝑇⁄ ) for 𝑡 ≥ 0 

𝐴𝑡 𝑡 = 𝑇,    𝑐(𝑇) = (1 − 𝑒
−𝑇

𝑇⁄ ) = 1 − 𝑒−1 = 0.632 

Time constant: Time constant is defined as the time required to reach 63.2% of the final value.  

 
Unit step response of 1st order system 
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 Unit step response of 2nd order system 

Consider the general block diagram of a second-order system as shown in figure below.  

 
 

So the transfer function of the closed-loop system is 
𝐶(𝑠)

𝑅(𝑠)
=

𝜔𝑛
2

𝑠2+2𝜁𝜔𝑛𝑠+𝜔𝑛
2 where 0 < ζ < 1.  

The transient response of the system depends on the value damping ratio, ζ. Standard performance 

measures of a second order feedback system are defined in terms of step response of a system.  

For unit step input, the output is 𝐶(𝑠) =
𝜔𝑛
2

𝑠(𝑠2+2𝜁𝜔𝑛𝑠+𝜔𝑛
2)

. 

So the transient output of the system is 𝑐(𝑡) = 1 −
𝑒−𝜁𝜔𝑛𝑡

√1−𝜁2
sin⁡(𝜔𝑑𝑡 + 𝜃) where ωd is the damped 

frequency and 𝜃 = tan−1 (
√1−𝜁2

𝜁
). 

The response of the second order system is shown in figure below. 

 

Unit step response of 2nd order system 

In many practical cases, the desired performance characteristics of control systems are specified 

in terms of time-domain quantities. In specifying the transient-response characteristics of a control 

system to a unit step input, it is common to specify the following: 

• Rise time (tr) 

• Peak time (tp) 

• Maximum overshoot (Mp) 

• Settling time (ts) 

𝜔𝑛
2

𝑠2 + 2𝜁𝜔𝑛𝑠 + 𝜔𝑛
2
 C(s) R(s) + 

− 
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Rise time (𝑡𝑟): The rise time is the time required for the response to rise from 10% to 90% or 0% 

to 100% of its final value. For underdamped 2nd order systems, 0% to 100% rise time is normally 

used. For overdamped systems 10% to 90% rise time is commonly used. 

Peak time (𝑡𝑝): The peak time is the time required for the response to reach the first peak of the 

overshoot. 

Maximum overshoot (𝑀𝑝): The maximum overshoot is the maximum peak value of the response 

curve measured from unity. If the steady state value of the response differs from unity, then it is 

common to use the maximum percentage overshoot.  

  Maximum percentage overshoot =
c(tp)−c(∞)

c(∞)
× 100% 

Settling-time (𝑡𝑟): Settling time is the time required for the response curve to reach and stay within 

a range about the final value of size specified by absolute percentage of the final value (usually 

2% or 5%).  

Trainer Kit: 
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a. Step response of 1st order system 

Procedure:  

 Select a test network by choosing R & C on the trainer kit. 
 Give a test signal from the given signal generator on the trainer. 

 Select the frequency by varying the ‘pot’ (DIP switches on the trainer). 

 Now connect a CRO or DSO at the output and watch the response. 

 Measure the gain and time constant from the output. 

 Draw the waveform. 

 

b. Step response of 2nd order system 

Procedure:  

 Select a test network by choosing R & C or RLC on the trainer kit. 
 Give a test signal from the given signal generator on the trainer. 

 Select the frequency by varying the ‘pot’ (DIP switches on the trainer). 

 Now connect a CRO or DSO at the output and watch the response. 

 Measure the gain, rise time, peak time, maximum overshoot and settling time from the 

output. 

 Draw the waveform. 

 

c. Step response of a 2nd order system with feedback loop 

Procedure:  

 Select a test network by choosing RLC on the trainer kit. 
 Give a test signal from the given signal generator to the amplifier. 

 Connect the amplifier output to the test system (RLC circuit) and system’s output to the 

input of the feedback amplifier. 

 Connect a CRO or DSO at the amplifier output. 

 Select the frequency by varying the ‘pot’ (DIP switches on the trainer). 

 Note the output. 

 Vary the gain of the feedback amplifier and watch the response. 

 Measure the gain, rise time, peak time, maximum overshoot and settling time from the 

output. 

 Draw the waveform. 
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Experiment No. 2 
 
Title:  To study proportional-integral (PI), proportional-derivative (PD) 

and proportional integral-derivative (PID) controllers.  

 

Object:  To observe the effect of PD, PI, and PID controllers on system response. 

 
Apparatus required: 

1. PID controller trainer kit 

2. CRO/DSO 

 

Theory: 

The PID controller is the proportional plus derivative plus integral controller. The PID controller 

improves both the steady state and transient response parts of the system. The block diagram of a 

system with PID controller is shown in figure below. 

  

 
 

Proportional (P) Controller: Proportional controller produces a control action that is proportional 

to the error signal. Transfer function of proportional controller is pP ksG )( . 

Integral (I) Controller: Integral controller produces a control action that is integral to the error 

signal. Transfer function of integral controller is 
s

k
sG I

I )( . 

Derivative (D) Controller: Derivative controller produces a control action that is derivative to the 

error signal. Transfer function of derivative controller is sksG DD )( . 
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PID Controller: Transfer function of PID controller: sk
s

kksG DIPC 
1

)(  

Trainer Kit: 

 
 

 

Procedure:  

 Connect the circuit as shown in above figure. 

 Connect CRO or DSO to the output of the 2nd order system. 

 Adjust the gain of P, I and D controllers and observe the system responses. 

 

Tuning of the PID controller: 

 Proportional (P) gain:  

 Integral (I) gain: 

 Derivative (D) gain:   
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Observe waveforms: 

 Closed-loop response with PI controller 

 Closed-loop response with PD controller 

 Closed-loop response with PID controller 
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Experiment No. 3 
 
Title:  To study lag-lead compensator. 

 

Object:   
 To study lag compensator and draw magnitude and phase plot. 

 To study lead compensator and draw magnitude and phase plot. 

 
Apparatus required: 

1. Lag-lead compensator kit 

2. Function generator 

3. CRO/DSO 

Theory: 

Lag compensator: 

If a sinusoidal input is applied to the input of a network and the steady-state output has a phase 

lag, then the network is called a lag network. Op-amp realization circuit is shown in Fig. below. 

 

 

𝐸(𝑠)

𝐸𝑖(𝑠)
= −

𝑅2∥
1

𝐶2𝑠

𝑅1∥
1

𝐶1𝑠

= −

𝑅2
1+𝑅2𝐶2𝑠

𝑅1
1+𝑅1𝐶1𝑠

;        
𝐸𝑜(𝑠)

𝐸(𝑠)
= −

𝑅4

𝑅3
 

𝐸𝑜(𝑠)

𝐸𝑖(𝑠)
=

𝐸𝑜(𝑠)

𝐸(𝑠)
×

𝐸(𝑠)

𝐸𝑖(𝑠)
=

𝑅2𝑅4

𝑅1𝑅3

(1+𝑅1𝐶1𝑠)

(1+𝑅2𝐶2𝑠)
=

𝑅4𝐶1

𝑅3𝐶2

(𝑠+
1

𝑅1𝐶1
)

(𝑠+
1

𝑅2𝐶2
)
; 

Consider 𝑅1𝐶1 = 𝑇;⁡𝑅2𝐶2 = 𝛼𝑇. So, 
𝐸𝑜(𝑠)

𝐸𝑖(𝑠)
=

𝑅2𝑅4

𝑅1𝑅3

(1+𝑅1𝐶1𝑠)

(1+𝑅2𝐶2𝑠)
=

𝑅2𝑅4

𝑅1𝑅3

(1+𝑇𝑠)

(1+𝛼𝑇𝑠)
; 

For lag network, 𝛼𝑇 > 𝑇   or, 𝛼 > 1    

𝐸𝑜(𝑠)

𝐸𝑖(𝑠)
=

𝑅4𝐶1

𝑅3𝐶2

(𝑠+
1

𝑇
)

(𝑠+
1

𝛼𝑇
)
= 𝐾𝑐

(𝑠+
1

𝑇
)

(𝑠+
1

𝛼𝑇
)
; 
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Pole-zero configuration of lag network: 

 
Lag compensator results in a large improvement in steady-state performance but results in slower 

response due to the reduced bandwidth. 

 
Lead compensator: 

If a sinusoidal input is applied to the input of a network and the steady-state output has a phase lead, 

then the network is called a lead network. 

For lag network, 𝛼𝑇 < 𝑇   or, 𝛼 < 1 . 

𝐸𝑜(𝑠)

𝐸𝑖(𝑠)
=

𝑅4𝐶1

𝑅3𝐶2

(𝑠+
1

𝑇
)

(𝑠+
1

𝛼𝑇
)
= 𝐾𝑐

(𝑠+
1

𝑇
)

(𝑠+
1

𝛼𝑇
)
; 

Trainer Kit: 
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Procedure:  

 Connect function generator and CRO/DSO across input and output of the circuit (lag network) 

as shown in trainer kit. 

 Apply sinusoidal input to lag network and observe output. 

 Connect CRO or DSO to the output of the 2nd order system. 

 Measure input and output amplitudes for a particular frequency. 

 Also measure phase difference between input and output sinusoidal responses. 

 Calculate Gain=
𝑂𝑢𝑡𝑝𝑢𝑡⁡𝑎𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒

𝐼𝑛𝑝𝑢𝑡⁡𝑎𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒
. 

 Vary the frequency and calculate gain and measure phase difference at different 

frequencies. 

 Convert gain in dB and draw magnitude plot gain (dB) vs. frequency in semilog graph 

sheet. Also draw phase plot phase angle vs. frequency in same semilog graph sheet. 

 Follow the above procedures for the lead network also.  

 

Observation Table:  

Sl. 

no. 

Frequency 

(Hz) 

Input Amplitude 

(V) 

Output Amplitude 

(V) 

Gain (dB) Phase 

Difference (θ) 

      

 

Conclusion:  

1. Determine the transfer function of the lag network from the drawn magnitude plot. 

2. Determine the transfer function of the lead network from the drawn magnitude plot. 
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Experiment No. 4 

Title:  To study the D.C. servo motor position and speed control. 

 

Object:   
 To study DC servo motor speed control using PEC16M7 module. 

 To study DC servo motor position control using PEC16M7 module. 

 
Apparatus required: 

1. PEC16M7 Module 

2. Micro-4011 

3. DC motor setup 

4. 34 pin FRC cable 

5. RS-232 cable 

6. Peer to peer cable 

7. 15 pin connector 

Theory: 

DC Servo Mechanism: 

In modern usage the term servomechanism or servo is restricted to feedback control system in 

which the controlled variable is mechanical position or time derivatives of position. E.g. velocity 

and acceleration. 

In a system when the output quality is controlled by varying the input quantity, the system is called 

control system. The output quantity is called controlled variable or response. The input quantity is 

called command signal or excitation. The basic components of an automatic control system are 

error detector, amplifier and controller, power actuator, system and sensor (or) feedback system. 

The block diagram of an automatic control system is shown below. 

 
Block Diagram of Automatic Control System 
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In analysing and designing control systems, we must have a basis of comparison of performance 

of various control systems. This basis may be set up by specifying particular test input signals and 

by comparing the responses of various systems to these input signals. Many design criteria are 

based on such signals or on the response of systems to changes in initial conditions (Without any 

test signals). The use of test signals can be justified because of a correlation existing between the 

responses characteristics of a system to typical test input signal and the capability of the system to 

cope with actual input signals.  

Trainer Kit: 

PEC16M7 Module 
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Procedure:  

Connection Procedure 

 Connect the 230V AC supply to the PEC16M7 module, Micro-4011 and DC servo motor. 

 Connect the 34 pin FRC cable to PWM inputs of PEC16M7 module and the P9 of micro-

4011 kit. 

 Connect the 15-pin connector to the PEC16M7 power module K to the motor setup. 

 Connect the RS232 cable to display input of PEC16M7 module & P3 of micro-4011kit. 

 Connect the peer-to-peer cable to motor feedback of PEC16M7 module and to the motor. 
 

Experiment Procedure (Velocity Control) 

1. Switch ON power supply of the PEC16M7 module, Micro-4011 and AC servo motor. 

2. Switch ON the 12V DC ON/OFF switch. 

3. Switch ON the power ON/OFF switch in the PEC16M7s module. 

4. Press the reset switch in the PEC16M7 module and Micro-4011. 
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5. LCD in the Micro-4011 displays as follows with a delay of few seconds. 

 

 
6. Initially cursor the position control option to select the desired option from the above 

display by using the second key can change the cursor to desired control method and 

then press first key to select, LCD will display as below. 

 
7. Change the cursor position using second key and then select the open loop operation using 

first key, LCD will display as below. 

 
8. Using second key change the cursor to forward direction and then select using first keys, 

LCD will display as below. 

 
9. Set the duty cycle between (50 - 98)% Now the motor will start to run corresponding to the 

duty cycle. 

10. Then press reset button and reverse direction using second key, LCD will display as below, 

 
11. Set the duty cycle between (50-98)% Now the motor will start to run corresponding to the 

duty cycle. 
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12. Again, press reset button and select the closed loop operation using second key, LCD will 

display as below. 

 
(Change the cursor position to desired control using second key and then select by using first 

key). 

13. Select PID control using the respective keys, LCD will display as below. 

 
14. Then press the enter key (press the both keys at a time), LCD will display as below. 

 
15. Again press the enter key (press the both keys at a time), LCD will display as below. 

 
16. Again, press the enter key (press the both keys at a time), LCD will display as below. 

 
17. Then set the speed of the motor by varying (0-1500)RPM using first and second key, Now 

the motor will start to run in the set speed. Actual speed PID control waveform will be display 

using graphical LCD. 

18. Then press the reset button and select PI control using respective keys, LCD will display as 

below. 
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19. Again, press the enter keys (press the both keys at a time), LCD will display as below. 

 
20. Again, press the enter keys (press the both keys at a time), LCD will display as below. 

 
21. Then set the speed of the motor by varying (0-1500) RPM using first and second key. Now 

the motor will start to run in the set speed. Actual speed PI control waveform will be display 

using graphical LCD. 

22. Again, press the reset button and select P control using respective keys, LCD will display as 

below. 

 
23. Again, press the enter keys (press the both keys at a time), LCD will display as below. 

 
24. Then set the speed of the motor by varying (100 - 1500) RPM using first and second key. 

Now the motor will start to run in the set speed. Actual speed P control waveform will be 

display using graphical LCD. 

25. For the study of closed loop operation with some other values of Kp, Ki and Kd follow above 

procedure and vary the values of Kp Ki and Kd using first and second key and follow the 

same procedure. 
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Experiment Procedure (Position Control) 

1. Switch ON power supply of the PEC16M7 module, Micro-4011 and AC servo motor. 

2. Switch ON the 12V DC ON/OFF switch. 

3. Switch ON the power ON/OFF switch in the PEC16M7s module. 

4. Press the reset switch in the PEC16M7 module and Micro-4011. 

5. LCD in the Micro-4011 displays as follows with a delay of few seconds. 

 

 
6. Change the position of cursor to 1st position using second key and then select using first 

key provided in the controller, Now LCD will display as below. 

 
(Select any one of the control methods by using first key and then press second key). 

7. Select PID control using respective keys, LCD will display as below. 

 
8. Then press the enter key (press the both keys at a time), LCD will display as below. 

 
9. Again, Press the enter key (press the both keys at a time), LCD will display as below. 
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10. Again, press enter key (press the both keys at a time), so that the below display will 

appear. 

 
11. Then vary the set position between (0-345) the speed of the motor by varying the first and 

second key, Now the motor will start to run in the set speed. Actual position PID control 

waveform will be display using graphical LCD. 

12. Then press reset button and select PI control using respective keys, LCD will display as 

below. 

 
13. Again, press the enter key (Press the both keys at a time), LCD will display as below. 

 
14. Again, press Enter key (press the both keys at a time), so that the below display will appear. 

 
15. Then vary the set position between (0-345) the speed of the motor by varying the first and 

second key, Now the motor will start to run in the set speed. Actual speed PI control 

waveform will be display using graphical LCD. 

16. Again, press reset button the select P control using respective keys, LCD will display as 

below. 
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17. Again, press enter key (press the both keys at a time), LCD will display as below. 

 
18. Then set the position between (0-345) the speed of the motor by varying the first and second 

key, Now the motor will start to run in the set speed. Actual speed P control waveform will 

be display using graphical LCD. 

19. For the study of closed loop operation with some other values of Kp Ki and Kd follow above 

procedure and vary the values of Kp Ki and Kd using first and second key and follow the 

same procedure. 

 


