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No 

Title  of the 
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Objective of the experiments 

1. Control a temperature 

control loop using PID 

controller 

1. To study PID control action 

2. Tune the controller to obtain optimal result 

2. Stepper motor drive 

control using 8051 

microcontroller 

1. Understand the working of stepper motor 

2. To program the motor to  operate in CCW and 

CW direction with user control speed 

3. Study and design of 

ladder diagram for 

Programmable Logic 

Controller (PLC) 

1. To study the PLC system and to learn Ladder 

programming 

2. Perform some PLC programming 

4. Study of real-time 

audiometer setup 

1. Study audiometer 

2. Perform audio testing 

5. Observe and analysis of 

electrocardiogram (ECG) 

signal 

 

1. Study ECG and its placement of probe 

2. Perform ECG on subject 
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Experiment no. 1: Control a temperature control loop using PID controller 

Theory: 

Control system: A control system is a system of devices or set of devices, that manages, 

commands, directs or regulates the behaviour of other device(s) or system(s) to achieve desire 

results. The main feature of control system is, there should be a clear mathematical relation 

between input and output of the system. When the relation between input and output of the 

system can be represented by a linear proportionality, the system is called linear control system. 

Again when the relation between input and output cannot be represented by single linear 

proportionality, rather the input and output are related by some non-linear relation, the system is 

referred as non-linear control system. 

Two types of control system are  

 

1. Open loop control system 

2. Closed loop control system 

 

Open loop control system 

A control system in which the control action is totally independent of output of the system then it 

is called open loop control system. Manual control system is also an open loop control system. 

Closed Loop Control System 

Control system in which the output has an effect on the input quantity in such a manner that the 

input quantity will adjust itself based on the output generated is called closed loop control 

system. Open loop control system can be converted in to closed loop control system by providing 

a feedback. This feedback automatically makes the suitable changes in the output due to external 

disturbance. In this way closed loop control system is called automatic control system. Fig. 1.1 

shows the typical block diagram of closed loop control system. 
 

 

 

Fig. 1.1 Feedback system. 

Where, Gc(s) : controller, Gp(s): process, r(s)= set-point, u(s)= control action, y(s)= output  
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PID control system: PID stands for Proportional-Integral-Derivative. These three controllers are 

combined in such a way that it produces a control signal.  PID controllers are processed by the 

microprocessors. Programmable logic controllers also have the inbuilt PID controller 

instructions. Due to the flexibility and reliability of the PID controllers, these are traditionally 

used in process control applications. PID controller maintains the output such that there is zero 

error between process variable and set point/ desired output by closed loop operations. PID uses 

three basic control behaviours that are explained below. 

Proportional controller (P):  

For proportional control (P), the controller output is proportional to the error. 

)()( tekutu
c

        (1-1) 

where, kc is the controller proportional gain. For P controllers, bias u can be adjusted, a 

procedure referred to as manual reset. Because the controller output equals u  when the error is 

zero, u is adjusted so that the controller output and consequently the manipulated variable, are at 

their nominal steady-state values when the error is zero. The ideal proportional controller does 

not include physical limit on the controller output. In order to derive the transfer function for an 

ideal proportional controller, define a deviation variable ututu  )()( .  

Then Eqn. (1-1) can be written as  

  )()( tektu
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For eqn. (1-2) the sign of kc can be chosen to make the controller output increases (or decreases) 

as the error signal increases (or decreases). An inherent disadvantage of P controller is that a 

steady-state error or offset occurs after a set-point change or a sustained disturbance comes. The 

output of a P-controller is shown in Fig. 1.3. 

Integral control (I):  

For integral control action (I), the controller output depends on the integral of the error signal 

over time as given in eqn. (1-3). 

  



t

I

dtteutu

0

)(
1

)(


      (1-3) 

Due to limitation of p-controller where there always exists an offset between the process variable 

and set point, I-controller is needed, which provides necessary action to eliminate the steady state 

https://www.elprocus.com/understanding-a-programming-logic-controller


error.  It integrates the error over a period of time until error value reaches to zero. It holds the 

value to final control device at which error becomes zero. 

While using the PI controller, I-controller output is limited to somewhat range to 

overcome the integral wind up conditions where integral output goes on increasing even at zero 

error state, due to nonlinearities in the plant. The output of a I and PI controller is shown in Fig. 

1.3. 

Derivative controller (D): 

The function of derivative controller (D) is to anticipate the future behaviour of the error signal 

by considering its rate of change. Hence, derivative action is referred to as rate action or 

anticipatory control. Here the controller output proportional to the rate of change of error signal 

as given in eqn. (1-4). 

dt

tde
utu D
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)(  .       (1-4) 

I-controller doesn’t have the capability to predict the future behaviour of error. So it reacts 

normally once the set point is changed. Its output depends on rate of change of error with respect 

to time, multiplied by derivative constant. It gives the kick start for the output thereby increasing 

system response. Consequently, derivative action is never used alone; it is always used with P or 

PI control. So, the transfer function of proportional-derivative (PD) controller is (eqn. 1.5) 

  )1()( sksG
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The derivative control action combined with proportional and integral control actions by having 

each of modes operate in parallel. The block diagram of the PID controller is shown in Fig. 1.2 

and corresponding output response is shown in Fig. 1.3. The parallel form of PID controller (eqn. 

1-6) is  
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The effect of the controller tuning parameters upon the dynamic characteristic of the 

process is shown in Table I.I. 

 

http://en.wikipedia.org/wiki/Integral_windup


 

Fig. 1.2 Closed loop system with PID controller. 

 

TABLE I.I Contribution of tuning parameters 

Parameter Rise time Overshoot Settling time Steady-state error 

cp kk 
 

Decrease Increase Small change Decrease 

I

c
I

k
k




 

Decrease Increase Increase Eliminate 

DcD kk 
 

Minor change Decrease Decrease No effect 

 

 

Fig. 1.3 Process output for different controlling modes. 
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Real-time temperature control loop:  

Actual photograph of the experimental setup (temperature control process by Feedback) is shown 

in Fig. 1.4. Here, temperature sensor is placed in hot air flow path of the closed chamber at a 

specified location. Rotational speed of the air blower is maintained at a fixed value to ensure a 

uniform air flow rate through the enclosed chamber. The goal of this experiment is to maintain 

the desired temperature at a particular location by varying the current supply to the heating-coil.  

 

 

Fig. 1.4 Real-time temperature control loop. 

 

List of apparatus: 

Sl. No. Name of the equipment Range / specification Quantity 

1 PID  temperature controller trainer kit ………….. 1 



Procedure:  

Step 1: connect the power supply cord to the mains. 

Step 2: Set the set-point for 30
0
 C. 

Step 3: Adjust the PID gain (tuning) using try and error method. 

Step 4: Draw the output graph in time domain for best result. 

Step 5: Obtain settling time, peak time, rise time. 

Observation table: 

No of observation Set point 

1 30
0
 C 

2 35
0
 C 

3 40
0
 C 

4 45
0
 C 

 

Result and Discussion: 

 

 

 



Experiment no. 2: Study and design of ladder diagram for Programmable 

Logic Controller (PLC) 

 

Theory: 

A programmable logic controller (PLC), or programmable controller is an industrial digital 

computer which has been ruggedized and adapted for the control of manufacturing processes, 

such as assembly lines, or robotic devices, or any activity that requires high reliability control 

and ease of programming and process fault diagnosis PLCs can range from small "building 

brick" devices with tens of inputs and outputs (I/O), in a housing integral with the processor, to 

large rack-mounted modular devices with a count of thousands of I/O and which are often 

networked to other PLC and SCADA systems. 

They can be designed for multiple arrangements of digital and analog I/O, extended 

temperature ranges, immunity to electrical noise, and resistance to vibration and impact. 

Programs to control machine operation are typically stored in battery-backed-up or non-volatile 

memory. PLC are programmed using a special logic called ladder logic. 

Ladder Programming: 

Ladder diagrams are specialized schematics commonly used to document industrial control 

logic systems. They are called ladder diagrams because they resemble a ladder, with two 

vertical rails (supply power) and as many rungs (horizontal lines) as there are control circuits 

to represent. Fig. 2.1 shows a simple ladder diagram where a lamp is controlled by a hand 

switch, it would look like this: 

 

Fig. 2.1 Simple ladder diagram where a lamp is controlled by a hand switch. 

 

In Fig. 2.2, the L1 and L2 designations refer to the two poles of a 120 V AC supply unless 

otherwise noted. L1 is the hot conductor, and L2 is the grounded (neutral) conductor. These 

designations have nothing to do with inductors, just to make things confusing. The actual 

https://en.wikipedia.org/wiki/Digital_computer
https://en.wikipedia.org/wiki/Digital_computer
https://en.wikipedia.org/wiki/Digital_computer
https://en.wikipedia.org/wiki/Assembly_line
https://en.wikipedia.org/wiki/Robotic
https://en.wikipedia.org/wiki/SCADA
https://en.wikipedia.org/wiki/Noise_(electronics)
https://en.wikipedia.org/wiki/Non-volatile_memory
https://en.wikipedia.org/wiki/Non-volatile_memory
https://www.allaboutcircuits.com/textbook/direct-current/chpt-15/practical-considerations-inductors/


transformer or generator supplying power to this circuit is omitted for simplicity. In reality, the 

circuit is shown in Fig. 2.2. 

 

Fig. 2.2 Ladder diagram for a lamp on-off control (AC input). 

 

Typically in industrial relay logic circuits, but not always, the operating voltage for the switch 

contacts and relay coils will be 120 volts AC. Lower voltage AC and even DC systems are 

sometimes built and documented according to ladder diagrams as given in Fig. 2.3. 

 

Fig. 2.3 Ladder diagram for a lamp on-off control (DC input). 

  

So long as the switch contacts and relay coils are all adequately rated, it really doesn’t matter 

what level of voltage is chosen for the system to operate with. 

Note the number 1 on the wire between the switch and the lamp. In the real world, that 

wire would be labelled with that number, using heat-shrink or adhesive tags, wherever it was 

convenient to identify. Wires leading to the switch would be labelled L1 and 1 respectively. 

Wires leading to the lamp would be labelled 1 and L2 respectively. These wire numbers make 

assembly and maintenance very easy. Each conductor has its own unique wire number for the 

control system that its used in. Wire numbers do not change at any junction or node, even if 

wire size, colour, or length changes going into or out of a connection point. Of course, it is 

https://www.allaboutcircuits.com/textbook/direct-current/chpt-2/calculating-electric-power/


preferable to maintain consistent wire colours, but this is not always practical. What matters is 

that any one, electrically continuous point in a control circuit possesses the same wire number. 

Take this circuit section, for example, with wire #25 as a single, electrically continuous point 

threading to many different devices as shown in Fig. 2.4. 

 

Fig. 2.4 Ladder diagram when multiple devices are connected. 

 

In ladder diagrams, the load device (lamp, relay coil, solenoid coil, etc.) is almost always 

drawn at the right-hand side of the rung. While it doesn’t matter electrically where the relay 

coil is located within the rung, it does matter which end of the ladder’s power supply is 

grounded, for reliable operation. 

In the next case, the lamp (load) is located on the right-hand side of the rung, and so 

the ground connection for the power source. This is no accident or coincidence; rather, it is a 

purposeful element of good design practice. Suppose that wire #1 were to accidentally come in 

contact with ground, the insulation of that wire having been rubbed off so that the bare 

conductor came in contact with grounded, metal conduit. Our circuit would now function like 

as shown in Fig 2.5.  



 

Fig. 2.5 Ladder diagram with accidental ground. 

With both sides of the lamp connected to ground, the lamp will be “shorted out” and unable to 

receive power to light up. If the switch were to close, there would be a short-circuit, 

immediately blowing the fuse. 

However, consider what would happen to the circuit with the same fault (wire #1 

coming in contact with ground as shown in Fig. 2.6), except this time we’ll swap the positions 

of switch and fuse (L2 is still grounded). 

 

Fig. 2.6 Change the position of lamp for the Fig. 2.5. 

This time the accidental grounding of wire #1 will force power to the lamp while the switch 

will have no effect. It is much safer to have a system that blows a fuse in the event of a ground 

fault than to have a system that uncontrollably energizes lamps, relays, or solenoids in the 

event of the same fault. For this reason, the load(s) must always be located nearest the 



grounded power conductor in the ladder diagram. The Ladder logic diagram for washing machine 

control is shown in Fig. 2.7 and corresponding real-time PLC kit is shown in Fig. 2.8. 

List of apparatus: 

Sl. No. Name of the equipment Range / specification Quantity 

1 PLC Mater 1 

2 Washing machine card  1 

3 LadsimSimualtor  1 

4 Computer  Ladsim V.2 1 

 

 

Fig. 2.7 Ladder logic diagram for washing machine. 

Procedure:  

Step 1: Power ON the supply of PLC 

Step 2: connect washing machine card to the PLC trainer. 

Step 3: Run the Ladsim software 

Step 4: connect the circuit as shown in figure2.1 

Step 6: Run PLC 

Step 7: Observe the reading from PLC and note it down 



 

Fig. 2.8 Real-time PLC panel. 

 

Observation table: 

No of observation Input Condition Output Condition 

1 Cabinet door Open  

2 overload  

3 No power  

4 No water  

5 No cloth  

6 

 

Cabinet door closed, no overload, 

water available, power available, 

cloth available 

 

 

RESULT AND DISCUSSION: 

 



Experiment No 3: Stepper motor drive control using 8051 microcontroller  

 

Theory: 

Stepper motor is a brushless DC motor that rotates in steps. This is very useful because it can be 

precisely positioned without any feedback sensor, which represents an open-loop controller. The 

stepper motor consists of a rotor that is generally a permanent magnet and it is surrounded by the 

windings of the stator. As we activate the windings step by step in a particular order and let a 

current flow through them they will magnetize the stator and make electromagnetic poles 

respectively that will cause propulsion to the motor. So that’ the basic working principle of the 

stepper motors. 

There are several different ways of driving the stepper motor. The first one is the wave drive or 

single-coil excitation as shown in Fig. 3.1. In this mode we active just one coil at a time which 

means that for this example of motor with 4 coils, the rotor will make full cycle in 4 steps. 

 

Fig. 3.1 Wave drive or single-coil excitation stepper motor. 

 

Next is the full step drive mode (as shown in Fig. 3.2) which provides much higher torque output 

because we always have 2 active coils at a given time. However this doesn’t improve the 

resolution of the stepper and again the rotor will make a full cycle in 4 steps. 



 

Fig. 3.2 Full step drive stepper motor. 

 

Fig. 3.3 shows half step drive mode for stepper motor. Half step drive mode is used for 

increasing the resolution of the stepper. This mode is actually a combination of the previous two 

modes. 

Here we have one active coil followed by 2 active coils and then again one active coil followed 

by 2 active coils and so on. So with this mode we get double the resolution with the same 

construction. Now the rotor will make full cycle in 8 steps. 

 

 

Fig. 3.3 Stepper motor speed control using half step drive mode. 

 

However the most common method of controlling stepper motors nowadays is the microstepping 

(Fig. 3.4). In this mode we provide variable controlled current to the coils in form of sin wave. 

This will provide smooth motion of the rotor, decrease the stress of the parts and increase the 

accuracy of the stepper motor. 

https://howtomechatronics.com/tutorials/arduino/how-to-control-stepper-motor-with-a4988-driver-and-arduino/


 

Fig. 3.4 Stepper motor speed control using half step drive mode. 

Another way of increasing the resolution of the stepper motor is by increasing the numbers of the 

poles of the rotor and the numbers of the pole of the stator as shown in Fig. 3.5 

 

Fig. 3.5 Increasing the resolution by increasing the numbers of the poles of rotor and stator. 

 

The real-time experimental setup is shown in Fig. 3.6. Where the motor drives is controlled by 

8051 microcontroller and the corresponding program is given bellow  



 
 

 

List of apparatus: 

Sl No Name of the equipment Range / specification Quantity 

1 Stepper motor 5-12 V Dc 1 

2 Stepper motor driver ………… 1 

3 8051 microcontroller  1 

 

 

Stepper motor programming: 

 

Procedure:  

Step 1: Connect the stepper motor to the driver 

Step 2: Power on the driver 

Step 3: Connect the controller (8051) with the driver 

Step 4: Run the program 

 



 

 

Fig. 3.6 Real-time experimental setup. 
 

 

 



Experiment No 4: Study of real-time audiometer setup 

Theory: 

An audiometer is a machine used for evaluating hearing acuity. They usually consist of an 

embedded hardware unit connected to a pair of headphones and a test subject feedback button, 

sometimes controlled by a standard PC. Such systems can also be used with bone vibrators, to 

test conductive hearing mechanisms. 

Audiometers are standard equipment at ENT (ear, nose, throat) clinics and 

in audiology centers. An alternative to hardware audiometers are software audiometers, which 

are available in many different configurations. Screening PC-based audiometers use a standard 

computer. Clinical PC-based audiometers are generally more expensive than software 

audiometers, but are much more accurate and efficient. They are most commonly used in 

hospitals, audiology centers and research communities. These audiometers are also used to 

conduct industrial audiometric testing. Some audiometers even provide a software developer's kit 

that provides researchers with the capability to create their own diagnostic tests. 

An audiometer typically transmits recorded sounds such as pure tones or speech to the 

headphones of the test subject at varying frequencies and intensities, and records the subject's 

responses to produce an audiogram of threshold sensitivity, or speech understanding profile. The 

most common type of audiometer generates pure tones, or transmits parts of speech. Another 

kind of audiometer is the Bekesy audiometer, in which the subject follows a tone of increasing 

and decreasing amplitude as the tone is swept through the frequency range by depressing a 

button when the tone is heard and releasing it when it cannot be heard, crossing back and forth 

over the threshold of hearing. Bekesy audiometry typically yields lower thresholds and standard 

deviations than pure tone audiometry. The real-time snapshoot of audiometer is shown in Fig. 

4.1.  

List of apparatus: 

Sl. No. Name of the equipment Range / specification Quantity 

1 Audiometer NA 1 

 

https://en.wikipedia.org/wiki/Headphones
https://en.wikipedia.org/wiki/Otolaryngology
https://en.wikipedia.org/wiki/Audiology
https://en.wikipedia.org/wiki/Audiogram


Procedure:  

Step 1: Connect the headphone to the ear of test subject. 

Step 2: Switch on the power supply of audiometer. 

Step 3: Increase the intensity of the sound at different frequency and note the feedback from the 

user. 

The corresponding records are listed in the Table I. 

 

 

Fig. 4.1 Real-time snapshoot of audiometer. 

 

 

 

 

 



Table I: Frequency vs Intensity level 

Sl. no Frequency  Intensity levels 

1. 1000  

 

 

 

 

2. 1200  

 

 

 

 

3. 1500  

 

 

 

 

 

Result and Discussion: 

 

 



Experiment No 5: Observe and analysis of electrocardiogram (ECG) signal 

Theory: 

Electrocardiography (ECG) is the process of recording the electrical activity of the heart over a 

period of time using electrodes placed on the skin. These electrodes detect the tiny electrical 

changes on the skin that arise from the heart muscle's electrophysiologic pattern of depolarizing 

and repolarizing during each heartbeat. It is a very commonly performed cardiology test. The 

real-time ECG kit is shown in Fig. 5.1. 

 

Fig. 5.1 Electrocardiogram (ECG) kit. 

 

ECG records the electrical activity generated by heart muscle depolarizations, which 

propagate in pulsating electrical waves towards the skin. Although the electricity amount is in 

fact very small, it can be picked up reliably with ECG electrodes attached to the skin (data unit: 

microvolt, uV). The full ECG setup comprises at least four electrodes which are placed on the 

chest or at the four extremities according to standard nomenclature (RA = right arm; LA = left 

arm; RL = right leg; LL = left leg) as shown in Fig. 5.2. Of course, variations of this setup exist 

in order to allow more flexible and less intrusive recordings, for example, by attaching the 

https://imotions.com/blog/gsr/


electrodes to the forearms and legs. ECG electrodes are typically wet sensors, requiring the use 

of a conductive gel to increase conductivity between skin and electrodes. 

 

Fig. 5.2 ECG lead connection diagram. 

In a conventional 12-lead ECG, ten electrodes are placed on the patient's limbs and on the 

surface of the chest. The overall magnitude of the heart's electrical potential is then measured 

from twelve different angles (“leads”) and is recorded over a period of time (usually ten 

seconds). In this way, the overall magnitude and direction of the heart's electrical depolarization 

is captured at each moment throughout the cardiac cycle. The graph of voltage versus time 

produced by this noninvasive medical procedure is an electrocardiogram. 

During each heartbeat, a healthy heart has an orderly progression of depolarization that 

starts with pacemaker cells in the sinoatrial node, spreads out through the atrium, passes through 

the atrioventricular node down into the bundle of His and into the Purkinje fibers, spreading 

down and to the left throughout the ventricles. This orderly pattern of depolarization gives rise to 

the characteristic ECG tracing. To the trained clinician, an ECG conveys a large amount of 

information about the structure of the heart and the function of its electrical conduction 

system. Among other things, an ECG can be used to measure the rate and rhythm of heartbeats, 

https://en.wikipedia.org/wiki/Electrical_potential
https://en.wikipedia.org/wiki/Non-invasive_(medical)
https://en.wikipedia.org/wiki/Pacemaker_cells
https://en.wikipedia.org/wiki/Sinoatrial_node
https://en.wikipedia.org/wiki/Atrium_(heart)
https://en.wikipedia.org/wiki/Atrioventricular_node
https://en.wikipedia.org/wiki/Bundle_of_His
https://en.wikipedia.org/wiki/Purkinje_fibers
https://en.wikipedia.org/wiki/Ventricle_(heart)


the size and position of the heart chambers, the presence of any damage to the heart's muscle 

cells or conduction system, the effects of cardiac drugs, and the function of 

implanted pacemakers. The typical waveform of ECG wave is shown in Fig. 5.3. 

 

Fig. 5.3 Typical ECG waveform. 

 

List of apparatus: 

Sl. No Name of the equipment Range / specification Quantity 

1 ECG unit  1 

Procedure:  

Step 1: connect the earth point of ECG to earthing socket 

Step 2: connect the ECG lead as shown in the figure to the subject 

Step 3: Power up the ECG. 

Step 4: observe the ECG signal bye holding the signal using HOLD button 

 

Observation table for characteristics curve of the sensor: 

 

 

https://en.wikipedia.org/wiki/Heart_chambers
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