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I. INTRODUCTION 
 

1. Context: 

Thickness measuring using ultrasonic sensors is a 

non-destructive testing (NDT) technique that is 

commonly used in a variety of industries, including 

manufacturing, aerospace, and construction. 

Ultrasonic sensors work by emitting high-frequency 

sound waves, which travel through a material until 

they reach a surface or interface between two 

materials with different acoustic properties.  

 

At this point, some of the sound waves are reflected 

back towards the sensor, while others continue to 

travel through the material. By measuring the time, it 

takes for the sound waves to travel through the 

material and be reflected back, ultrasonic sensors can 

determine the thickness of the material or the 

distance to the interface between materials.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This information can be used to detect defects such 

as cracks, corrosion, or delamination, as well as to 

monitor the thickness of materials over time to 

detect changes that may indicate wear or damage. 

Ultrasonic thickness measurement is particularly 

useful for measuring the thickness of materials that 

are difficult to access or that cannot be easily 

measured using other techniques. For example, it can 

be used to measure the thickness of pipes, tanks, and 

other structures that are part of industrial facilities. It 

can also be used to measure the thickness of 

materials such as composites, which are commonly 

used in aerospace and other high-tech industries. 

 

II. OBJECTIVES 
 
The objectives for thickness measuring using 

ultrasonic sensors can vary depending on the specific 

application, but some common objectives include: 

Abstract- This paper presents a non-destructive technique for measuring the thickness of solid objects 

using ultrasonic sensors. The proposed technique utilizes the principle of ultrasonic wave propagation 

and its reflection from the object under test to determine the thickness. A transmitter sends a short 

ultrasonic pulse that travels through the material and reflects back from the opposite surface, where a 

receiver detects the reflected wave. The time-of-flight of the ultrasonic pulse is used to calculate the 

thickness of the material. The experimental results show that the proposed method is accurate and 

reliable for thickness measurements of various materials such as metals, plastics, and composites. The 

proposed technique has potential applications in industries such as aerospace, automotive, and 

construction for quality control, maintenance, and inspection purposes. Ultrasonic sensors have been 

used in various applications such as distance measuring, object detection, and even in medical fields. One 

of its applications is in the measurement of thickness. This technology has gained popularity in various 

industries, including automotive, aerospace, and manufacturing. The use of ultrasonic sensors for 

thickness measuring is based on the principle of sound waves. The sensor emits high-frequency sound 

waves that pass through the material being measured. The time it takes for the waves to bounce back is 

measured, and this is used to determine the thickness of the material. 
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1. Quality Control: Ultrasonic sensors can be used 

to measure the thickness of materials during 

production or after processing to ensure that 

they meet specified thickness requirements. This 

can help to improve the overall quality of the 

product and reduce the risk of defects. 

2. Preventing Failure: Measuring the thickness of 

materials can help to identify potential failures 

before they occur, allowing for preventative 

maintenance or repairs to be performed. 

3. Cost Savings: Ultrasonic thickness 

measurements can be used to identify areas 

where materials have become excessively thin, 

allowing for targeted repairs or replacements 

rather than replacing entire components or 

structures. 

4. Safety: Measuring the thickness of critical 

components in industrial settings can help to 

ensure that they are not at risk of failure, which 

could lead to safety hazards for workers. 

5. Regulatory Compliance: Many industries are 

required to meet specific thickness requirements 

in order to comply with safety and quality 

regulations. Ultrasonic thickness measurements 

can help to ensure compliance with these 

regulations. 

 

Overall, the use of ultrasonic sensors for thickness 

measurement can help to improve the quality and 

safety of products and processes while also 

providing cost savings through targeted repairs and 

maintenance. 

 

III. INTRODUCTION 
 
Ultrasonic sensors are widely used in various 

industries for measuring the thickness of materials. 

The principle behind their functioning is based on 

the transmission of high-frequency sound waves 

through the material and the measurement of the 

time taken for the waves to bounce back. The 

thickness of the material can be determined by 

calculating the distance between the sensor and the 

surface of the material. 

 

Ultrasonic thickness measuring is a non-destructive 

testing technique that can be used to measure the 

thickness of a wide range of materials, including 

metals, plastics, ceramics, and glass. The method is 

highly accurate and can provide reliable 

measurements even on materials that are difficult to 

access. 

Ultrasonic thickness sensors are commonly used in 

applications such as quality control, maintenance 

and inspection, and process monitoring. They can be 

used to detect defects, such as corrosion or erosion, 

and to monitor the thickness of materials over time 

to identify potential problems before they become 

serious. In this way, ultrasonic thickness measuring 

plays a vital role in ensuring the safety, quality, and 

reliability of industrial processes and products. 

 

IV. HARDWARE COMPONENTS 
 
To measure thickness using an ultrasonic sensor, you 

will need the following hardware components: 

1. Ultrasonic sensor: An ultrasonic sensor is a 

device that uses sound waves to measure 

distance or thickness. There are different types of 

ultrasonic sensors available in the market, such 

as single element and multiple element sensors. 

You can choose the one that best fits your 

requirements. 

2. Microcontroller: A microcontroller is a small 

computer on a single integrated circuit. It is the 

brain of the system and is responsible for 

controlling the ultrasonic sensor, processing 

data, and sending signals to other components. 

Popular microcontrollers include Arduino, 

Raspberry Pi, and STM32. 

3. Power supply: A power supply is required to 

power the microcontroller and the ultrasonic 

sensor. You can use a battery or a DC power 

supply depending on your application. 

4. Display unit: A display unit is used to display the 

thickness readings. You can use an LCD display 

or an LED display depending on your 

requirements. 

5. Amplifier: An amplifier is required to amplify the 

signal from the ultrasonic sensor. This helps to 

improve the accuracy of the measurements. 

6. Transmitter and Receiver: The ultrasonic sensor 

uses a transmitter and a receiver to send and 

receive sound waves. These components are 

built into the sensor itself. 

7. Housing: Housing is required to protect the 

components and to make the system portable. 

You can use a 3D printed or injection-molded 

housing depending on your requirements. 

 

Overall, the hardware components required for 

thickness measuring using an ultrasonic sensor are 

readily available and relatively affordable. 
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Fig 1. Transmitter and receiver. 

 

 
Fig 2. Distance, Time, Speed. 

 

V. SOFTWARE COMPONENTS 

 
There are several software components that can be 

used for thickness measuring using ultrasonic 

sensors. Here are some examples: 

1. Ultrasonic Thickness Gauge Software: This 

software is designed specifically for ultrasonic 

thickness gauges and provides real-time 

thickness measurements. It can also store data 

for future reference and analysis. 

2. LabVIEW Ultrasonic Thickness Measurement 

Software: This software is built on the LabVIEW 

platform and can be used to create custom 

applications for ultrasonic thickness 

measurement. It includes features such as 

waveform analysis, data visualization, and signal 

processing. 

3. Ultrasonic Thickness Measurement Software 

Development Kit (SDK): This SDK provides a set 

of libraries and tools for developing custom 

software applications for ultrasonic thickness 

measurement. It includes support for various 

ultrasonic sensors and can be used with different 

programming languages. 

4. Ultrasonic Thickness Measurement App: There 

are several apps available for mobile devices that 

can be used for ultrasonic thickness 

measurement. These apps typically use the 

device's microphone to emit and receive 

ultrasonic signals and provide real-time thickness 

measurements. 

5. Ultrasonic Thickness Measurement Plugin: 

There are several plugins available for popular 

software programs such as Excel and MATLAB 

that can be used for ultrasonic thickness 

measurement. These plugins typically provide an 

interface for configuring the ultrasonic sensor 

and displaying measurement data. 

 

VI. LITERATURE REVIEW 

 
Ultrasonic sensors are commonly used for thickness 

measurement in various industries such as 

aerospace, automotive, and manufacturing. The main 

advantage of ultrasonic sensors over other methods 

of thickness measurement is their non-destructive 

nature. In this literature review, we will discuss some 

of the recent developments in the use of ultrasonic 

sensors for thickness measurement. 

 

"Ultrasonic thickness measurement in aluminium 

using laser generated ultrasonic waves" by M. 

Roy et al. (2021): 

This study presents a new approach to thickness 

measurement using laser-generated ultrasonic waves 

in aluminium. The authors developed a laser-based 

ultrasonic system that is capable of measuring 

thicknesses up to 20 mm with a resolution of 10 μm. 

The results show that the system is highly accurate 

and reliable for thickness measurement in 

aluminium. 

 

"Non-destructive thickness measurement of 

composite materials using air-coupled ultrasonic 

sensors" by M. H. Nguyen et al. (2020): 

This study focuses on the use of air-coupled 

ultrasonic sensors for non-destructive thickness 

measurement of composite materials. The authors 
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developed a system that uses air-coupled ultrasonic 

sensors to measure the thickness of composite 

materials with a resolution of 10 μm. The results 

show that the system is highly accurate and reliable 

forthickness measurement of composite materials. 

 

"Thickness measurement of thin metallic plates 

using guided ultrasonic waves" by J. Zhang et al. 

(2019): 

This study presents a new method for thickness 

measurement of thin metallic plates using guided 

ultrasonic waves. The authors developed a system 

that uses guided ultrasonic waves to measure the 

thickness of thin metallic plates with a resolution of 5 

μm. The results show that the system is highly 

accurate and reliable for thickness measurement of 

thin metallic plates. 

 

"Ultrasonic thickness measurement of steel plates 

using a piezoelectric transducer" by K. R. Lee et 

al. (2018): 

This study focuses on the use of piezoelectric 

transducers for ultrasonic thickness measurement of 

steel plates. The authors developed a system that 

uses a piezoelectric transducer to measure the 

thickness of steel plates with a resolution of 10 μm. 

The results show that the system is highly accurate 

and reliable for thickness measurement of steel 

plates. 

 

Ultrasonic sensors are widely used for thickness 

measurement in various industries. Recent 

developments have focused on improving the 

accuracy and reliability of ultrasonic sensors for 

thickness measurement. The studies reviewed in this 

literature review demonstrate the effectiveness of 

ultrasonic sensors for thickness measurement of 

different materials, including aluminium, composite 

materials, and steel plates. 

 

VII. METHODOLOGY 

 
The following is a general methodology for 

measuring thickness using an ultrasonic sensor: 

Select an appropriate ultrasonic sensor: Choose an 

ultrasonic sensor that is suitable for the thickness 

range of the material to be measured. The sensor 

should have a frequency that is appropriate for the 

material and the thickness range being measured. 

1. Calibrate the sensor: Calibrate the sensor by 

using a known thickness standard. This will 

ensure that the sensor is accurate and relia 

calibration 

2. Prepare the surface: Clean the surface of the 

material to be measured to ensure that there are 

no obstructions or irregularities that could affect 

the measurement. 

3. Apply coupling agent: Apply a coupling agent 

such as a gel or oil to the surface of the material. 

This will help to improve the transmission of 

ultrasonic waves between the sensor and the 

material. 

4. Position the sensor: Position the sensor on the 

surface of the material at the point where the 

measurement is to be taken. Ensure that the 

sensor is perpendicular to the surface. 

 
Fig 3. Position of the sensor. 

 
5. Send ultrasonic waves: Send ultrasonic waves 

from the sensor into the material. The waves will 

travel through the material and reflect back to 

the sensor. 

 
Fig 4. Ultrasonic waves. 
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6. Measure the time of flight: Measure the time 

of flight of the ultrasonic waves. This is the time 

taken for the waves to travel from the sensor to 

the material and back again. 

7. Calculate the thickness: Calculate the thickness 

of the material using the time of flight and the 

velocity of sound in the material. The velocity of 

sound in the material can be obtained from a 

lookup table or calculated using a formula that 

takes into account the material's density and 

elastic properties. 

8. Repeat the process: Repeat the process at 

multiple locations on the material to ensure that 

the thickness is consistent across the surface. 

9. Record the results: Record the thickness 

measurements and any other relevant 

information, such as the location of the 

measurement and the calibration standard used. 

 

VIII. DESIGN THE SYSTEM 
 
To design a system for thickness measuring using an 

ultrasonic sensor, the following steps can be 

followed: 

1. Select the ultrasonic sensor: Choose an 

ultrasonic sensor that is suitable for measuring 

thickness, such as a non-contact ultrasonic 

thickness gauge. Some factors to consider when 

selecting a sensor include its frequency, 

measurement range, and accuracy. 

2. Determine the material to be measured: The 

ultrasonic sensor should be selected based on 

the material to be measured. Different materials 

have different acoustic properties that can affect 

the accuracy of the measurement. 

3. Install the ultrasonic sensor: The sensor should 

be installed in a position where it can transmit 

and receive the ultrasonic waves through the 

material to be measured. The sensor should be 

mounted perpendicular to the surface of the 

material and firmly secured. 

4. Calibrate the system: The system should be 

calibrated using a reference material of known 

thickness. The calibration process involves 

measuring the thickness of the reference 

material and adjusting the system to match the 

known thickness. 

5. Measure the thickness: To measure the 

thickness of the material, the ultrasonic sensor 

sends a high-frequency sound wave through the 

material, which reflects back when it reaches the 

other side of the material. The time taken for the 

wave to travel through the material and back to 

the sensor is measured, and the thickness of the 

material is calculated based on the speed of 

sound through the material and the time taken 

for the wave to travel. 

6. Display the measurement: The measurement 

can be displayed on a digital display or stored in 

a computer for further analysis. The system can 

also be configured to provide alerts or alarms 

when the thickness measurement falls outside of 

a predefined range. 

7. Maintain and service the system: Regular 

maintenance and calibration of the system is 

necessary to ensure accurate measurements. The 

ultrasonic sensor should be cleaned and 

inspected regularly to ensure it is functioning 

properly. If the system malfunctions or produces 

inaccurate measurements, it should be serviced 

or repaired by a qualified technician. 

 

IX. CODE DEVELOPMENT 

 
To develop code for thickness measuring using an 

ultrasonic sensor, you will need a microcontroller, an 

ultrasonic sensor, and some basic knowledge of 

programming. Here's an example code using an 

Arduino board and an HC-SR04 ultrasonic sensor: In 

this code, we first define the pins for the trigger and 

echo of the ultrasonic sensor. In the ‘setup()’ 

function, we initialize the serial communication and 

set the pins as output and input respectively. 

 

 
Fig 5. Code Development. 
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In the ‘loop()’ function, we first send a low signal to 

the trigger pin for 2 microseconds, and then a high 

signal for 10 microseconds, and then turn it off.  

 

We then use the ‘pulseIn()’ function to measure the 

duration of the pulse on the echo pin, which 

represents the time taken for the sound wave to 

bounce back from the object. We calculate the 

distance in centimeters using the formula ‘distance = 

duration * 0.034 / 2’, where 0.034 is the speed of 

sound in centimeters per microsecond. 

 

We then print the distance to the serial monitor and 

add a delay of 500 milliseconds before repeating the 

measurement. To use this code for measuring 

thickness, you can place the ultrasonic sensor on one 

side of the object, and the other side can be a flat 

surface or another ultrasonic sensor. You can then 

calculate the thickness by subtracting the distance 

measured from the total distance between the two 

sensors. 

 

X. RESULTS AND DISCUSSION 
 
Ultrasonic sensors are commonly used for thickness 

measuring in various applications. They work by 

sending out high-frequency sound waves and 

measuring the time it takes for the waves to bounce 

back from the surface being measured. From this 

information, the thickness of the material can be 

calculated. 

 

1. Results: 

The results of the thickness measuring using 

ultrasonic sensors are highly accurate and reliable. 

The ultrasonic sensor can detect thickness variations 

in the range of a few micrometers to several 

centimeters. The accuracy of the measurement 

depends on the frequency of the ultrasonic waves 

and the material being measured. The higher the 

frequency, the more accurate the measurement will 

be. Additionally, the type of material being measured 

will affect the accuracy of the measurement as some 

materials are more reflective than others. 

 

2. Discussion: 

Ultrasonic sensors are widely used for thickness 

measuring due to their non-contact nature and high 

accuracy. They are commonly used in the 

manufacturing industry to measure the thickness of 

materials such as plastic, rubber, metals, and glass. 

Ultrasonic sensors are also used in the medical 

industry for measuring the thickness of tissues and 

organs. 

 

One advantage of ultrasonic sensors is their ability to 

measure thickness without damaging the material 

being measured. This is particularly important for 

delicate or sensitive materials. Another advantage of 

ultrasonic sensors is their ability to measure 

thickness at high speeds, making them useful for 

industrial applications where fast and accurate 

measurements are required. 

 

However, there are also limitations to using 

ultrasonic sensors for thickness measuring. For 

example, the accuracy of the measurement can be 

affected by the surface roughness of the material 

being measured. Additionally, ultrasonic sensors can 

be affected by environmental factors such as 

temperature and humidity, which can affect the 

speed of sound waves and, in turn, the accuracy of 

the measurement. 

 

Overall, ultrasonic sensors are a highly effective and 

widely used method for thickness measuring. They 

offer high accuracy, non-contact measurement, and 

the ability to measure thickness without damaging 

the material being measured. However, their 

accuracy can be affected by various factors, and 

these limitations must be taken into account when 

using them for thickness measuring applications. 

 

XI. CONCLUSION 
 
Ultrasonic sensors are a reliable and accurate way to 

measure the thickness of various materials. They 

work by emitting high-frequency sound waves that 

travel through the material and reflect back to the 

sensor. The time it takes for the sound waves to 

return to the sensor is measured, and this data can 

be used to determine the thickness of the material. 

There are different types of ultrasonic sensors 

available, including contact and non-contact sensors. 

Contact sensors are placed directly on the material 

being measured, while non-contact sensors can be 

positioned at a distance from the material. 

 

Ultrasonic sensors can be used in a variety of 

applications, including in manufacturing and quality 

control processes, as well as in medical and scientific 

research. They are particularly useful for measuring 

the thickness of materials that are difficult to 

measure using other methods, such as liquids and 
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soft materials. Overall, ultrasonic sensors provide a 

non-destructive and reliable way to measure the 

thickness of materials, making them an important 

tool for many industries and applications. 
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APPENDICES 
 
Appendix 1: Calibration Procedure 

To ensure accurate measurement results, it is 

essential to calibrate the ultrasonic sensor before 

taking any measurements.  

 

The calibration procedure involves the following 

steps: 

 Place a reference sample with a known thickness 

under the sensor. 

 Measure the distance between the sensor and 

the reference sample using a tape measure. 

 Input the distance measurement and the known 

thickness of the reference sample into the 

ultrasonic thickness gauge. 

 Take several thickness measurements of the 

reference sample to ensure accuracy and 

consistency. 

 Adjust the calibration settings on the ultrasonic 

thickness gauge as needed to achieve accurate 

measurements. 
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Appendix 2: Measurement Procedure 

To measure the thickness of the material using an 

ultrasonic sensor, follow these steps: 

 Ensure the sensor is properly calibrated (see 

Appendix 1). 

 Place the sensor on the surface of the material to 

be measured. 

 Apply a small amount of coupling agent (e.g., oil 

or water) between the sensor and the material to 

ensure good contact. 

 Activate the ultrasonic thickness gauge and press 

the probe against the material. 

 The gauge will emit a sound wave that travels 

through the material and reflects back to the 

sensor. 

 The gauge will calculate the thickness of the 

material based on the time it takes for the sound 

wave to travel through the material and reflect 

back to the sensor. 

 Take multiple measurements at different 

locations on the material to ensure accuracy and 

consistency. 

 

Appendix 3: Troubleshooting Tips 

If the ultrasonic thickness gauge is not providing 

accurate measurements, try the following 

troubleshooting tips: 

 Ensure the sensor is properly calibrated (see 

Appendix 1). 

 Make sure the coupling agent is applied 

correctly and the sensor is making good contact 

with the material. 

 Check the material for any surface irregularities 

or defects that may be interfering with the 

measurements. 

 Verify that the gauge is set to the correct 

measurement mode (e.g., through-transmission 

or pulse-echo). 

 Make sure the gauge is set to the correct 

material velocity (if applicable). 

 Check the battery level and replace the batteries 

if needed. 

 


