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Abstract:  This Research explores the design and development of a Human-Machine Interface (HMI)-enabled Variable 

Frequency Drive (VFD) system for efficient speed control of single-phase induction motors. The primary objective is to provide 

an intuitive and user-friendly interface for real-time monitoring and control of motor speed using a touchscreen display. The 

proposed system integrates the fundamental components of a VFD—namely, the rectifier and inverter. The rectifier section is 

responsible for converting the alternating current (AC) input into direct current (DC), which is then modulated by the inverter to 

produce an AC output at variable frequency and voltage, tailored to the motor’s operational requirements. The incorporation of 

HMI technology simplifies interaction with the motor control system, allowing users to input desired speed values and receive 

immediate feedback on system performance. This approach enhances the precision and flexibility of motor operation while also 

contributing to energy efficiency and system reliability. By varying the frequency and voltage supplied to the motor, the VFD 

facilitates optimal performance under different load conditions, reducing mechanical stress and extending equipment lifespan. 

This research not only demonstrates the theoretical principles behind VFD technology but also showcases its practical 

implementation through hardware and software integration. The developed system provides a cost-effective and scalable solution 

for various industrial and domestic applications where precise motor control is essential. Overall, the HMI-based VFD design 

offers a modern, efficient, and accessible approach to induction motor speed control, contributing to smarter automation in 

electrical drive systems. 

IndexTerms - Human-Machine Interface (HMI), Variable Frequency Drive (VFD), Speed Control, Single-Phase, Induction   

                       Motor, Motor Control, Automation, Frequency Control, Real-Time System. 

I. INTRODUCTION 

The increasing demand for energy-efficient systems in both industrial and domestic environments has driven the development 

of advanced motor control technologies. Among these, Variable Frequency Drives (VFDs) have emerged as a highly effective 

solution for controlling the speed and torque of induction motors. This project presents the design and implementation of a VFD 

system integrated with a Human-Machine Interface (HMI) using a touchscreen display, aimed at achieving precise and user-

friendly control over a single-phase induction motor. 

A Variable Frequency Drive primarily consists of two core components: a rectifier and an inverter. The rectifier converts the 

supplied alternating current (AC) into direct current (DC), which is then processed by the inverter to produce AC output with a 

variable frequency and voltage. This flexibility in controlling the frequency directly influences the motor's speed, enabling 

smoother operation, improved efficiency, and reduced mechanical stress. The ability to vary speed as needed allows the motor to 

match the exact requirements of the load, thereby minimizing unnecessary energy consumption. 

The integration of a touchscreen-based HMI further enhances the functionality of the system by offering a simple and 

interactive user interface. Operators can input desired speed settings and monitor motor performance in real time without the need 

for complex manual adjustments. This makes the system not only more accessible but also highly adaptable for different 

applications. 

One of the key motivations behind implementing a VFD is its significant contribution to energy conservation. Conventional 

motor starters often result in high inrush currents and mechanical shocks during startup, which can lead to energy waste and wear 

on the motor. VFDs eliminate these issues by enabling soft starts and gradual acceleration, ensuring smoother transitions and 

extending equipment life. In regions facing power shortages or aiming for reduced energy costs, this feature becomes particularly 

valuable. 

Moreover, VFDs help in reducing maintenance needs by preventing frequent electrical and mechanical stresses, making them a 

cost-effective long-term solution. They also contribute to overall process automation and system intelligence, which is essential in 

the context of Industry 4.0 and smart manufacturing practices. 

In summary, this project focuses on the practical realization of a touchscreen-controlled VFD system for single-phase induction 

motors. The design leverages both electrical engineering principles and modern interface technology to provide an energy-efficient, 
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reliable, and user-friendly solution for variable motor speed control. Through its implementation, the system demonstrates the 

potential for optimizing power usage, improving motor performance, and enhancing the overall automation experience. 

. 

 
Figure 1 Variable Frequency drive 

1.1 Block Diagram 

A) Transmitter section 

   Transmitter Section of a Human-Machine Interface (HMI) based speed control system for a single-phase induction motor 

using a Variable Frequency Drive (VFD). It shows the core components required to generate and transmit control signals to the 

receiver section. 

 
Figure 2 Block Diagram of Transmitter section 

 

i. Regulated Power Supply 

 Transformer: Steps down the AC mains voltage to a lower AC voltage suitable for the circuit. 

 Bridge Rectifier: Converts the AC voltage to pulsating DC. 

 Filter: Smooths the pulsating DC to reduce ripple. 

 Voltage Regulator: Ensures a constant DC voltage output (typically 5V or 3.3V) for powering the 

microcontroller and other components. 
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ii. Microcontroller Unit (ATmega16/32) 

The heart of the transmitter section, the ATmega8/16/32 microcontroller, manages the input, processing, and output of control 

signals. 

 Inputs: 

o TFT Touchscreen: Allows user interaction for setting speed and control commands. 

o Reset Circuit: Allows manual or power-on reset of the microcontroller. 

o Crystal Oscillator (X2): Provides a clock signal to ensure stable and accurate operation of the 

microcontroller. 

 Outputs: 

o Zigbee Module: Sends control data wirelessly to the receiver section. Zigbee is used here for reliable 

and low-power wireless communication. 

iii. TFT Touchscreen 

This component functions as the HMI, enabling the user to input speed settings or start/stop commands. These inputs are 

interpreted by the microcontroller to generate corresponding control signals. 

iv. Zigbee Module (Transmitter) 

The Zigbee module transmits digital control signals wirelessly from the microcontroller to the receiver section, which is 

typically connected to the VFD and induction motor. This enables remote motor speed control without physical wiring. 

v. Working Overview: 

1. User Input: The user sets desired speed or control commands via the TFT touchscreen. 

2. Signal Processing: The microcontroller reads the input, processes it, and converts it into control signals. 

3. Wireless Transmission: These signals are then sent wirelessly via Zigbee to the receiver module connected to   

                                                   the VFD and motor. 

4. Power Supply: All components are powered by a regulated DC power supply derived from the AC mains. 

B) Receiver section 

 The Receiver Section is responsible for receiving the wireless control signals transmitted from the Transmitter Section and 

converting them into actionable outputs to control the Variable Frequency Drive (VFD) and ultimately the single-phase induction 

motor. 

 
Figure 3 Block Diagram of Receiver section 

i. Zigbee Module (Receiver): 
  The Zigbee module receives wireless control signals (such as speed commands or start/stop signals) sent from the transmitter 

section. It ensures reliable and low-power communication between the HMI (transmitter) and the control hardware (receiver). 

ii.Microcontroller (e.g., ATmega16/32): 
 The received data is sent to the microcontroller, which decodes and processes the instructions. It acts as the central control unit, 

converting input commands into output control signals for the VFD. 
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iii.Opto-Isolator (if included): 
 Used for isolating the microcontroller from high-voltage components of the VFD, ensuring safety and protecting the low-power 

circuitry. 

iv.Driver Circuit (e.g., IGBT Driver or MOSFET Driver): 
 The processed signals are fed into a driver circuit that amplifies and conditions them to control the switching elements (like 

IGBTs or MOSFETs) in the inverter part of the VFD. 

v.Inverter Circuit: 
 Converts the DC power (from the rectifier) into AC power of variable frequency and voltage. This output is directly connected 

to the induction motor. 

vi.Induction Motor: 
 The final component of the receiver section. It receives the variable frequency AC power from the VFD, which controls its 

speed as per the commands sent from the transmitter section. 

II. DESIGN METHODOLOGY AND IMPLEMENTATION FRAMEWORK 

 2.1System Design Flow and Functional Analysis  

The design flow of the proposed system is structured to ensure effective control of a single-phase induction motor using a 

Variable Frequency Drive (VFD) with a Human-Machine Interface (HMI). The overall process begins with understanding the 

operational requirements of the system and identifying the key components involved, such as the microcontroller, touchscreen 

interface, Zigbee modules, and VFD circuitry. The first step involves defining the functional requirements: speed control, 

wireless communication, energy efficiency, and user interactivity. A flowchart-based design approach is adopted to model how 

input data (from the user via touchscreen) is processed by the microcontroller, then transmitted wirelessly through Zigbee, and 

finally executed at the receiver end to control motor speed using VFD. 

Each subsystem is analyzed for its specific role: 

 The touchscreen interface allows the user to input motor speed and control commands. 

 The microcontroller acts as the control unit, interpreting user inputs and generating control signals. 

 The Zigbee module facilitates wireless data transmission. 

 The receiver side processes these signals and adjusts motor speed via the VFD system. 

This modular functional breakdown ensures smooth operation and easier debugging during implementation. 

2.2 Implementation Strategy and Hardware Integration 

The implementation phase focuses on assembling and configuring the required hardware components to build a fully functional 

control system. A microcontroller-based architecture (e.g., ATmega16/32) is selected for its ease of programming, adequate I/O 

ports, and compatibility with peripherals like Zigbee and TFT displays. The power supply unit is built using a step-down 

transformer, bridge rectifier, filter capacitor, and voltage regulator to ensure a stable DC voltage to power all electronics. The 

touchscreen HMI is connected to the microcontroller to provide an intuitive interface for user input. Wireless communication is 

established using Zigbee modules, enabling real-time transmission of control signals from the transmitter to the receiver section 

without the need for wired connections. On the receiver side, the microcontroller interprets the received data and controls the 

inverter circuit of the VFD, which adjusts the frequency of the output voltage supplied to the induction motor. Proper hardware 

integration is ensured by testing each module individually before full system assembly. Emphasis is placed on minimizing 

electrical noise, protecting low-voltage components with opto-isolators, and ensuring synchronized communication between 

devices. This strategic and structured implementation ensures that the system is not only functionally reliable but also energy-

efficient and scalable for future enhancements. 

    

 
Figure 4 Implementation Strategy and Hardware Integration 

III. VARIABLE FREQUENCY DRIVE – CONCEPTS AND OPERATION 

3.1 Identification of Core Problem 

In textile industry, some machine does not need to run at full speed, then how to cut down the energy costs with variable speed. 

3.2 Introduction to Variable Frequency Drives (VFDs) 

A Variable Frequency Drive (VFD) is a type of motor controller that drives an electric motor by varying the frequency and 

voltage supplied to the electric motor. Other names for a VFD are variable speed drive, adjustable speed drive, adjustable 

frequency drive, AC drive, Microdrive, and inverter. Frequency (or hertz) is directly related to the motor’s speed (RPMs). In other 

words, the faster the frequency, the faster the RPMs go. If an application does not require an electric motor to run at full speed, 

the VFD can be used to ramp down the frequency and voltage to meet the requirements of the electric motor’s load. As the 
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application’s motor speed requirements change, the VFD can simply turn up or down the motor speed to meet the speed 

requirement. 

3.3 Operational Mechanism of VFD-Based Speed Control. 

The first stage of a Variable Frequency AC Drive, or VFD, is the Converter. The converter is comprised of six diodes, which are 

similar to check valves used in plumbing systems. They allow current to flow in only one direction; the direction shown by the 

arrow in the diode symbol. For example, whenever A-phase voltage (voltage is similar to pressure in plumbing systems) is more 

positive than B or C phase voltages, then that diode will open and allow current to flow. When B-phase becomes more positive 

than A-phase, then the B-phase diode will open and the A-phase diode will close. The same is true for the 3 diodes on the 

negative side of the bus. Thus, we get six current “pulses” as each diode opens and closes. This is called a “six-pulse VFD”, 

which is the standard configuration for current Variable Frequency Drives.  

Let us assume that the drive is operating on a 480V power system. The 480V rating is “rms” or root-mean-squared. The peaks on 

a 480V system are 679V. As you can see, the VFD dc bus has a dc voltage with an AC ripple. The voltage runs between 

approximately 580V and 680V.  

We can get rid of the AC ripple on the DC bus by adding a capacitor. A capacitor operates in a similar fashion to a reservoir or 

accumulator in a plumbing system. This capacitor absorbs the ac ripple and delivers a smooth dc voltage. The AC ripple on the 

DC bus is typically less than 3 Volts. Thus, the voltage on the DC bus becomes “approximately” 650VDC. The actual voltage 

will depend on the voltage level of the AC line feeding the drive, the level of voltage unbalance on the power system, the motor 

load, the impedance of the power system, and any reactors or harmonic filters on the drive.  

The diode bridge converter that converts AC-to-DC, is sometimes just referred to as a converter. The converter that converts the 

dc back to ac is also a converter, but to distinguish it from the diode converter, it is usually referred to as an “inverter”. It has 

become common in the industry to refer to any DC-to-AC converter as an inverter.  

When we close one of the top switches in the inverter, that phase of the motor is connected to the positive dc bus and the voltage on 

that phase becomes positive. When we close one of the bottom switches in the converter, that phase is connected to the negative dc 

bus and becomes negative. Thus, we can make any phase on the motor become positive or negative at will and can thus generate 

any frequency that we want. So, we can make any phase be positive, negative, or zero.  

 
Figure 5 Operational Mechanism of VFD-Based Speed Control 

The blue sine-wave is shown for comparison purposes only. The drive does not generate this sine wave.  

Notice that the output from the VFD is a “rectangular” wave form. VFD’s do not produce a sinusoidal output. This rectangular 

waveform would not be a good choice for a general-purpose distribution system, but is perfectly adequate for a motor.  

If we want to reduce the motor frequency to 30 Hz, then we simply switch the inverter output transistors more slowly. But, if we 

reduce the frequency to 30Hz, then we must also reduce the voltage to 240V in order to maintain the V/Hz ratio (see the VFD 

Motor Theory presentation for more on this). How are we going to reduce the voltage if the only voltage we have is 650VDC?  

This is called Pulse Width Modulation or PWM. Imagine that we could control the pressure in a water line by turning the valve on 

and off at a high rate of speed. While this would not be practical for plumbing systems, it works very well for VFD’s. Notice that 

during the first half cycle, the voltage is ON half the time and OFF half the time. Thus, the average voltage is half of 480V or 

240V. By pulsing the output, we can achieve any average voltage on the output of the VFD. 

IV. MICROCONTROLLER UNIT AND CONTROL SYSTEM DESIGN 

4.1 ATmega328: Pin Configuration and Features 

 

Figure 6 ATmega328 microcontroller chip produced by Atmel 
In this article, we will go over the pinout of the Atmega328 chip.  
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The Atmega328 is a very popular microcontroller chip produced by Atmel. It is an 8-bit microcontroller that has 32K of flash 

memory, 1K of EEPROM, and 2K of internal SRAM.  

The Atmega328 is one of the microcontroller chips that are used with the popular Arduino Duemilanove boards. The Arduino 

Duemilanove board comes with either 1 of 2 microcontroller chips, the Atmega168 or the Atmega328. Of these 2, the Atmega328 

is the upgraded, more advanced chip. Unlike the Atmega168 which has 16K of flash program memory and 512 bytes of internal 

SRAM, the Atmega328 has 32K of flash program memory and 2K of Internal SRAM.  

The Atmega328 has 28 pins.  

It has 14 digital I/O pins, of which 6 can be used as PWM outputs and 6 analog input pins. These I/O pins account for 20 of the 

pins.  The pin out for the Atmega328 is shown below. 

 

Figure 7 Pin out for the Atmega38. 

The table below gives a description for each of the pins, along with their function 

Table 1 Each Pin along with their function. 

Pin 

Number Description Function 

1 PC6 Reset 

2 PD0 Digital Pin (RX) 

3 PD1 Digital Pin (TX) 

4 PD2 Digital Pin 

5 PD3 Digital Pin (PWM) 

6 PD4 Digital Pin 

7 Vcc Positive Voltage (Power) 

8 GND Ground 

9 XTAL 1 Crystal Oscillator 

10 XTAL 2 Crystal Oscillator 

11 PD5 Digital Pin (PWM) 

12 PD6 Digital Pin (PWM) 

13 PD7 Digital Pin 

14 PB0 Digital Pin 

15 PB1 Digital Pin (PWM) 

16 PB2 Digital Pin (PWM) 

17 PB3 Digital Pin (PWM) 

18 PB4 Digital Pin 

19 PB5 Digital Pin 

20 AVCC Positive voltage for ADC (power) 
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21 AREF Reference Voltage 

22 GND Ground 

23 PC0 Analog Input 

24 PC1 Analog Input 

25 PC2 Analog Input 

26 PC3 Analog Input 

27 PC4 Analog Input 

28 PC5 Analog Input 

4.2 Arduino Uno: Architecture and Application 

4.2.1 Features  

 Microcontroller ATmega168 or 328  

 Operating Voltage 5V  

 Input Voltage (recommended) 7-12V  

 Input Voltage (limits) 6-20V   

 Digital I/O Pins 14 (of which 6 provide PWM output)  

 Analog Input Pins 6  

 DC Current per I/O Pin 40 mA  

 DC Current for 3.3V Pin 50 mA  

 Flash Memory 16 KB (ATmega168) or 32 KB (ATmega328)of which 2 KB used by bootloader  

 

Figure 8 Arduino Uno of Architecture 

 

On one side of the board there are 14 digital input/output pins as well as a ground pin and a reference pin which acts as voltage 

reference for the analog pins. Pin zero doubles as serial input, and pin 1 doubles for serial output. On the other side of the board, 

you’ll find 6 analog pins, as well as a voltage input pin, two ground pins and a reset pin. The board also has both a 3.3V and 5V 

output pins.  

You can power the board any of three ways: directly via the USB port, using the power connector, or the Vin and ground pins. The 

ATMEGA chip is removable from the board. This is especially useful if you have fried the processor and need to replace it, or you 

can use the board alone as a USB to serial interface. R3 of the Uno adds two new pins on the digital side: SDA and SCL. 

 

V. LCD Display Integration with Microcontroller 
5.1 LCD and Arduino Uno Interfacing Techniques 

In the recent years LCD, is finding in daily use replacing LED’s which may be Single, Seven Segment or Multi Segment LED’s 

Because of Declining Pricing of LCD and ability to display numbers, characters and graphics. Another advantage of LCD is that, 

Incorporation of refreshing controller in to LCD for relieving the CPU of the task of refreshing LCD.  

5.2 Rationale for 4-Bit LCD Communication 

Why we using LCD in 4-Bit Mode and How it’s Possible? LCD in 4-Bit means we are 4 Lines of data bus instead of using 8 Line 

data bus. In this Method, we are Splitting Bytes of data in Nibbles. If you successfully interface Microcontroller with LCD with 4 
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Pins. Then we can save 4 Lines of Microcontroller, which pins we can used for other purpose. In this Article, we are using 16 x 2 

LCD. Same Process in Repeated For all Type of Character LCDs expect Minor Changes. 

 

Figure 9 Rationale for 4-Bit LCD Communication 

5.3 LCD Module Pin Description 

 

Figure 10 LCD Module with Pin Description 
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Table 2 LCD Module with Pin Description 

Pin No Symbol I/O Description 

1 Vss - Ground 

2 Vcc - +5V 

3 Vee - Contrast Control 

4 RS Input Command/Data Register 

5 R/W Input Read/Write Register 

6 E Input/Output Enable 

7 DB0 Input/Output Not Used in 4-Bit Mode 

8 DB1 Input/Output Not Used in 4-Bit Mode 

9 DB2 Input/Output Not Used in 4-Bit Mode 

10 DB3 Input/Output Not Used in 4-Bit Mode 

11 DB4 Input/Output Data Bus in 4-Bit Mode 

12 DB5 Input/Output Data Bus in 4-Bit Mode 

13 DB6 Input/Output Data Bus in 4-Bit Mode 

14 DB7 Input/Output Data Bus in 4-Bit Mode 

15 Vcc - For LCD Back Light 

16 Vss - For LCD Back Light 

Figure 11 Block diagram for LCD Module 

 

 

http://www.jetir.org/


© 2024 JETIR February 2024, Volume 11, Issue 2                                                          www.jetir.org (ISSN-2349-5162) 

 

JETIR2402717 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org g954 
 

5.4 Analog Signal Acquisition using Arduino 

 

Figure 12 Analog Signal Acquisition using Arduimo 

This operation of translating an analog voltage value into different levels is what we call Analog to Digital Conversion. One small 

hardware part inside the microprocessor that comes with the Arduino I/O board is dedicated to translate analog voltages into these 

values, it is the Analog to Digital Converter also called ADC. 

5.5 Role of PWM in Motor Speed Control 

Pulse-width modulation (PWM) can be implemented on the Arduino in several ways. We explain simple PWM techniques, as 

well as how to use the PWM registers directly for more control over the duty cycle and frequency. This article focuses on the 

Arduino Decimals and Duemilanove models, which use the ATmega168 or ATmega328. 

If you're unfamiliar with Pulse Width Modulation, see the tutorial. Briefly, a PWM signal is a digital square wave, where the 

frequency is constant, but that fraction of the time the signal is on (the duty cycle) can be varied between 0 and 100%. 

 

5.5.1 Simple Pulse Width Modulation with analog Write 

The Arduino's programming language makes PWM easy to use; simply call analog Write (pin, duty Cycle), where duty Cycle is a 

value from 0 to 255, and pin is one of the PWM pins (3, 5, 6, 9, 10, or 11). The analog Write function provides a simple interface 

to the hardware PWM, but doesn't provide any control over frequency. (Note that despite the function name, the output is a digital 

signal, often referred to as a square wave.) Probably 99% of the readers can stop here, and just use analogWrite, but there are 

other options that provide more flexibility. 

 
Figure 14 Simple Pulse width Modulation with Analog Write 

VI. Design of Regulated Power Supply System 

6.1 Overview of 5V Power Supply Circuit 
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In most of our electronic products or projects we need a power supply for converting mains AC voltage to a regulated DC voltage. 

For making a power supply designing of each and every component is essential. Here I’m going to discuss the designing of 

regulated 5V Power Supply. Let’s start with very basic things the choosing of components 

6.2 Essential Components and Specifications 

1. Step down transformer (1A, 230V primary, secondary should be your choice like 12V). 

2. Diodes x 4 (1N4007 for moderate power) 

3. Capacitor (1000µF, 25V), Capacitor (10µF, 25V), 

4. Voltage regulator IC 7812, 12V regulated IC and 7805 ,5V regulated IC. 

5. 100Ω Resistor 

6. LED 

 
Figure 15 5V Power Supply Circuit 

6.3 Circuit Operation and Output Regulation 

• Circuit consists of 4 parts: Step down transformer, bridge rectifier, capacitor filter and voltage regulator IC. 

• The transformer step downs the high voltage AC to a low voltage AC at same frequency. 

• During the positive half cycle of secondary voltage, diodes D2 and D3 are forward biased and diodes D1 and D4 are reverse 

biased, now the current flows through D2–>Load–>D3 

• During the negative half cycle of the secondary voltage, diodes D1 and D4 are forward biased and diodes D2 and D3 are reverse 

biased Now the current flows through D4–>Load–>D1 

•In both the cycles load current flows in same direction, hence we get a pulsating DC voltage across the points B-B’ 

• The pulsating content are called ripples and a filter capacitor is used to remove the ripples from pulsating DC. 

• When the instantaneous values of pulsating DC voltage increase, the capacitor gets charged up to peak value of the input. 

• When the instantaneous values of pulsating DC voltage decrease, the stored voltage in the capacitor reverse biases the diodes D2 

and D4. Hence it will not conduct, now capacitor discharges through the load. Then voltage across the capacitor decreases. 

• During the next cycle, when the peak voltage exceeds the capacitor voltage, diode D2 or D4 forward biases accordingly, as a 

result capacitor again charges to the peak value. This process continues. Hence, we get almost smooth DC voltage as shown. 

• Then the filtered voltage is applied to the input of 7805 voltage regulator IC, it in turn regulates the voltage for line and load 

fluctuations. 

 

VII. Touchscreen Interface and Sensor Technologies 

7.1 Overview of TFT Touchscreen Functionality 

If you've ever used a smartphone, tablet or touch screen computer, you've likely used a Thin Film Transistor touch screen. A TFT 

touch screen is a combination device that includes a TFT LCD display and a touch technology overlay on the screen. The device 

can both display content and act as an interface device for whoever is using it. TFTs make up the lion's share of touch screens, 

with Organic Light Emitting Diode screens being the only another major competitor. 

Figure 16 Resistive TFT Touchscreen 

Figure 17 Surface capacitive touch panels 
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7.2 Projected Capacitive Touchscreen Technology 

Projected capacitive touch panels are often used for smaller screen sizes than surface capacitive touch panels. They've attracted 

significant attention in mobile devices. The iPhone, iPod Touch, and iPad use this method to achieve high-precision multi-touch 

functionality and high response speed.  

The internal structure of these touch panels consists of a substrate incorporating an IC chip for processing computations, over 

which is a layer of numerous transparent electrodes is positioned in specific patterns. The surface is covered with an insulating 

glass or plastic cover. When a finger approaches the surface, electrostatic capacity among multiple electrodes changes 

simultaneously, and the position where contact occurs can be identified precisely by measuring the ratios between these electrical 

currents. 

Figure 18 Projected Capacitive Touchscreen 

7.3 Surface Acoustic Wave (SAW) Based Touch Panels 

Surface acoustic wave (SAW) touch panels were developed mainly to address the drawbacks of low light transmittance in 

resistive film touch panels—that is, to achieve bright touch panels with high levels of visibility. These are also called surface 

wave or acoustic wave touch panels. Aside from standalone LCD monitors, these are widely used in public spaces, in devices like 

point-of-sale terminals, ATMs, and electronic kiosks. 

These panels detect the screen position where contact occurs with a finger or other object using the attenuation in ultrasound 

elastic waves on the surface. The internal structure of these panels is designed so that multiple piezoelectric transducers arranged 

in the corners of a glass substrate transmit ultrasound surface elastic waves as vibrations in the panel surface, which are received 

by transducers installed opposite the transmitting ones. When the screen is touched, ultrasound waves are absorbed and attenuated 

by the finger or other object. The location is identified by detecting these changes. Naturally, the user does not feel these 

vibrations when touching the screen. These panels offer high ease of use. 

 
Figure 19 Surface Acoustic Wave (SAW) Based Touch Panels 

The strengths of this type of touch panel include high light transmittance and superior visibility, since the structure requires no 

film or transparent electrodes on the screen. Additionally, the surface glass provides better durability and scratch resistance than a 

capacitive touch panel. Another advantage is that even if the surface does somehow become scratched, the panel remains sensitive 

to touch. (On a capacitive touch panel, surface scratches can sometimes interrupt signals.) Structurally, this type of panel ensures 

high stability and long service life, free of changes over time or deviations in position. Weak points include compatibility with 

only fingers and soft objects (such as gloves) that absorb ultrasound surface elastic waves. These panels require special-purpose 

styluses and may react to substances like water drops or small insects on the panel. All in all, however, these touch panels offer 

relatively few drawbacks. Recent developments such as improvements in manufacturing technology are also improving their cost-

performance. 

7.4 Comparative Analysis of Touch Sensing Technologies 

The table below summarizes the characteristics of the touch panels we've looked at. Keep in mind that even in devices based on 

the same sensing method, performance and functions can vary widely in the actual products. Use this information only as an 

introduction to general product characteristics. Additionally, given daily advances in touch-panel technological innovations and 

cost reductions, the information below is only a snapshot of current trends as of September 2010. 
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Table 3. Differences in and characteristics of main touch-panel sensing methods 

Sensing 

method 

Resistive 

film 
Capacitive SAW 

Infrared 

optical 

imaging 

Electromagnetic 

induction 

Light 

transmittance 
Not so good Good Good Excellent Excellent 

Finger touch Excellent Excellent Excellent Excellent No 

Gloved touch Excellent No Good Excellent No 

Stylus touch Excellent 

Not so good 

(special- 

purpose 

stylus) 

Good 

(depends 

on 

material) 

Good 

(depends 

on 

material) 

Excellent (special-

purpose stylus) 

Durability Not so good Excellent Excellent Excellent Excellent 

Resistance to 

water drops 
Excellent Excellent Not so good Good Excellent 

Cost Reasonable 

Not so 

reasonable 
Reasonable 

Not so 

reasonable 

Not so 

reasonable 

Each touch-panel type offers its own strengths and weaknesses. No single sensing method currently offers overwhelming 

superiority in all aspects. Choose a product after considering the intended use and environmental factors. 

Advantage of VFD: 

• Electrically, VFDs run at a high-power factor. Any class of induction motors usually has a low power factor at half and three-

quarters load (0.75 to 0.85). This actually decreases the life of the motor, because the unnecessary increase in current overheating 

the winding insulation. VFDs bypass this problem by running the load at a frequency below the fundamental. Another potentially 

useful aspect of VFDs is demonstrated in Fig. which shows the output of a constant torque VFD. 

 A VFD eliminates high in-rush current - When a standard motor is turned on, it draws a very high amount of current for a very 

short duration of time (acting as a short circuit for a brief amount of time). This spike of current draw can cause some circuits 

to overload. Additionally, the selection of over-current protection devices such as fuses and circuit breakers are made more 

complicated when high inrush currents occur. A Variable Frequency Drive is designed to slowly start, therefore preventing 

inrush current; reducing the stress on the components of the motor; thus, extending the motor life. The VFD can also be 

integrated into a 120 volt, or 220-volt single phase system by connecting single phase lines into the VFD, and connecting the 

output to a three-phase motor. 

Disadvantages of VFD: 

• Variable Frequency Drives require specific fuse types and can cause Harmonic Distortion. Harmonic Distortion affects other 

equipment in a building by basically transmitting noise back through the power wires supplying the equipment. This is easily 

cured with Line Reactors or Isolation Transformers. The Line Reactor is the most common and economical component used to 

isolate Harmonic Distortion. 

• Additionally, no one size fits all! You must acquire a VFD to specifically match the size and voltage of the motor (by Horse 

Power), as well as the incoming voltage to the VFD. You can undersize the motor to a VFD (match a 5 HP VFD to a 3 HP 

motor), but never oversize. For the sake of economics, always properly size the VFD to the Horse Power of the motor. 

Additionally, it is recommended you match only one motor to one VFD. You can operate two motors from a single VFD if 
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properly sized (Example; One 5HP VFD to Operate Two 2HP Motors). However, if one of the motors thermally shuts down for 

any reason, once it resets and restarts, it will error out the VFD, and may damage it. 

Applications of Variable Frequency Drive 

1. They are mostly used in industries for large induction motor (dealing with variable load) whose power rating ranges from few  

    kW to few MW. 

2. Variable Frequency Drive is used in traction system. In India it is being used by Delhi Metro Rail Corporation. 

3. They are also used in modern lifts, escalators and pumping systems. 

4. Nowadays they are being also used in energy efficient refrigerators, AC’s and Outside-air Economizers. 

 

CONCLUSION 

The implementation of a touchscreen-enabled speed control system using VFD for a single-phase induction motor demonstrates a 

successful fusion of modern human-machine interface (HMI) and efficient motor control technology. This project achieves 

accurate, real-time motor speed modulation with enhanced user interaction and operational safety. The use of an Arduino Uno 

microcontroller ensures system simplicity and scalability. Furthermore, the integration of VFDs contributes to energy savings, 

improved motor lifespan, and reduced maintenance. This research highlights the feasibility of deploying such systems in 

automation, HVAC, and small-scale industrial environments. Future advancements may involve IoT integration for remote access 

and AI-based predictive control systems. 
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