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Abstract 

The objective of this system is to make fault detection system for industrial materials which are used to make machineries and 

tools. This system uses latest technology of Raspberry Pi and Arduino MCU. This system is based on low power and low cost as 

compared to present technology. It uses Ultrasonic transducer for testing object to find fault. Raspberry Pi and Arduino MCU are 

used as signal processing unit (SPU). Data acquisition and signal averaging will done in signal processing unit. It makes such a 

system which are useful to find fault in materials and tools and also has various types of features to make system reliable and 

protective.   

Keywords: LCD (Liquid Crystal Display), Raspberry Pi, Arduino Uno, DAS (Data Acquisition System), Ultrasonic 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

In any industry, there are big machineries which are used for different types of work. These machineries must be made of good 

quality materials (like Iron, steel, Aluminum, etc…). So, these materials must be faultless (here we are talking about internal 

fault which cannot seen by human eye.) because if any fault will remain then there will be maximum possibility of huge loss of 

industry. So after making of these high quality materials, they are tested by fault detection system. This fault detection system 

uses ultrasonic waves. This Ultrasonic signals are transmitted and then received into device. There will be ADC process of data 

and after that data acquisition and signal averaging process is done. 

In a current fault detection system, various types of devices are used to detect fault in material. There are devices like USM 

35X [4], USN 58L, and USN 60 used for fault finding systems. But these devices are costly according to present market and 

technology [1] [2]. These devices consumes more power. And some processes like ADC and signal averaging are complex to do 

with these devices. 

The principal of this project is to design low power fault detection system at low cost. We are using here Raspberry PI and 

Arduino (low power MCU) for this good project. General block diagram of data acquisition and signal averaging for fault 

finding system is shown below Fig.1 

Data acquisition is a process of sampling signals which measure real world physical conditions and converting the resulting 

samples into digital numeric values which can be manipulated by a computer. It typically convert analog waveforms into digital 

values for processing. 

 
Fig. 1: General Block Diagram of System 
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II. HARDWARE OVERVIEW 

 Raspberry Pi Model B: A.

 
Fig. 2: Raspberry Pi Model B 

It is a low cost, credit card size computer that plugs into a LCD and uses a standard keyboard and mouse. It is a capable small 

device that enables people to explore computing and to learn how to program in languages like Scratch and Python [5]. 

It’s capability of doing everything you’d expect a desktop computer to do, from browsing the internet and to play HD videos 

& games, to make spreadsheets, word processing. It has ability to interact with the outside world, and has been used in a wide 

range of projects [6]. 

 Arduino Uno: B.

It is an open-source physical computing platform based on a simple input/output board and an IDE that implements the 

Processing/Wiring language. It can be used to develop stand-alone interactive objects or can be connected to software on your 

computer [8]. 

 
Fig. 3: Arduino Uno 

It is a microcontroller board based on the ATmega328. It has 14 digital I/O pins, 6 analog inputs, a 16 MHz ceramic resonator, 

a USB connection, a power jack, and a reset button. It contains everything needed to support the microcontroller; simply connect 

it to a computer with a USB cable or power it with an AC-to-DC adapter or battery to get started [9]. 

 Ultrasonic Transducer: C.

It converts ultrasound waves/signals to electrical signals or vice versa. It can both transmit and receive ultrasonic signals so it’s 

called ultrasound transceivers, many ultrasound sensors besides being sensors are indeed transceivers because they can both 

sense and transmit. It works on a principle similar to that of transducers used in radar and sonar systems, which evaluate 

attributes of a target by interpreting the echoes from radio or sound waves, respectively. 

There are several types of ultrasonic transducer [10] which can use in flow detection application. Here in this system 

ultrasonic ranging module HC-SR04 [3] [11] is used for testing purpose which is show in Fig.4. 
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Ultrasonic Fault Detection technique is used to detect faults which cannot seen by naked eyes. It is called as an Ultrasonic 

Flaw Detection [12]. 

 
Fig. 4: Ultrasonic Ranging Module HC-SR04 

III. SYSTEM DESIGN 

 
Fig. 5: Block Diagram of System 

As shown in Fig 5., there are so many component in system like ultrasonic transducer, pre amplifier, Arduino, Raspberry Pi, 

Display. All are working according to their applications. Now, we understand how system works after system made. First 

ultrasonic transducer transmits ultrasonic signals on objects then signal reflects passing through that object and come to 

transducer. 

Then analog signal input is given to pre amplifier for amplifying of analog signal. Arduino will take these analog signal 

(sample) input according to pre-defined time and it converts analog signal into digital signal by analog to digital converter 

(ADC). Then these digital sample is given to Raspberry Pi. In Raspberry Pi, there is signal averaging and data acquisition will 

done. So after this process result will show in display, according to that result we can find fault in objects. This process will done 

in Signal Processing Unit, it includes pre amplifier, Arduino, Raspberry Pi. 

Program for signal averaging and data acquisition will done in raspberry pi via python programming language. Here, for this 

process we have to connect raspberry pi and Arduino via “pyserial” [7]. So, there is an interface between raspberry pi and 

Arduino. 

There are sensors like temperature sensor, Photo sensor, Humidity sensor available for systems which shows atmospheric 

condition around the system. So that system can be more reliable according to that. 

IV. IMPLEMENTATION OF SYSTEM 

Fig.6. shows connection between raspberry pi and LCD display. We connected LCD through HDMI cable. Here, Raspbian OS is 

installed in Raspberry pi and connected with display so simply we can say it becomes small size of computer after that we will 

show our results on this display via programming through python language. 
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Fig. 6: Raspberry Pi connection with Display 

Here we added features like temperature sensor, photo sensor so that we can observe our system in atmospheric condition. It 

gives the stability of system in any condition. If temperature of system increase then it will show us on 16x2 display and same 

way photo sensor. Fig.7 shows Arduino connections. 

Sensors are connected with Arduino and 16x2 LCD is also connected with Arduino. And Arduino is connected with Raspberry 

pi. At last Raspberry Pi is connected with LCD. So final result will be display on that. Now Fig 8. Shows Digital data of 

ultrasonic transducer and sensors and Fig.9 shows final result on LCD which is connected with Raspberry Pi. 

 
Fig. 7: Arduino Connection with Ultrasonic Transducer Sensors And 16x2 LCD 

 
Fig. 8: Digital Data on Raspberry Pi LCD 
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Fig. 9: Result shown in Raspberry Pi LCD 

Fig.10 shows graphical representation of sensor which are connected with Arduino. We can get data of sensors on both LCDs 

(LCD and 16x2 LCD). The results which are displayed on both LCDs are digital data. 

There are many scope available to make product better and extend capability of this system. We use Raspberry Pi so it has 

internet connection availability so that we can get live data of fault detection and sensors at any place and also we can control the 

system from anywhere. We can make this system more reliable so that system will survive in any atmospheric condition as well 

as give better performance. 

 
Fig. 10: Graphical Representation 

V. CONCLUSION 

This system provides fault detection technique for industrial material using ultrasonic flaw sensor at low cost and low power. It 

finds faults which cannot seen by necked eyes. This system has features like temperature sensor, humidity sensor and photo 

sensor, this features make this system more reliable. This fault detection system is advanced and made from cutting edge 

technology of Raspberry Pi and Arduino. 
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