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ABSTRACT 
 

 

 

Industrial operations depend heavily on a conveyor system because it makes 

material handling processes easier. Manufacturing facilities depend on different 

conveyor systems like belt and chain together with roller types. Taking care of these 

systems properly helps us prevent unplanned equipment failures. Many companies 

have poor maintenance tracking tools and only limited sensor testing work has been 

done across different vibration ranges. Our research creates a predictive maintenance 

conveyor system that stops operations right away when unusual vibrations are detected 

to avoid big system failures. The project studies how well MPU6050, ADXL335, and 

ADXL345 vibration sensors detect different vibration frequencies produced by a 

motor vibrator when measuring stability and reliability. Real-time control works 

through IoT technology which connects to phone applications to show system updates. 

The MPU6050 sensor shows superior results in measuring vibration accurately which 

makes it suitable for predictive maintenance in conveyor systems. Our research helps 

conveyor systems operate better and safer while making industrial maintenance more 

intelligent.  
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ABSTRAK 
 

 

 

Sistem penghantar merupakan komponen penting dalam operasi industri yang 

memudahkan pengendalian bahan dengan efisien. Pelbagai jenis penghantar, termasuk 

penghantar tali sawat, penggelek, dan rantai, digunakan secara meluas dalam industri. 

Penyelenggaraan sistem ini adalah kritikal, dan penyelenggaraan ramalan 

menawarkan pendekatan proaktif untuk mencegah kerosakan yang tidak dijangka. 

Walau bagaimanapun, banyak industri kekurangan sistem pemantauan 

penyelenggaraan yang efektif, dan terdapat kekurangan kajian mengenai prestasi 

sensor getaran pada pelbagai frekuensi. Kajian ini bertujuan untuk menangani jurang 

ini dengan membangunkan sistem penghantar penyelenggaraan ramalan yang 

dilengkapi dengan penggera untuk mengesan getaran luar biasa dan menghentikan 

operasi serta-merta bagi mengelakkan kerosakan besar. Projek ini menilai prestasi 

sensor getaran MPU6050, ADXL335, dan ADXL345 dengan menganalisis kestabilan, 

kebolehpercayaan, dan kadar ralat mereka di bawah pelbagai frekuensi getaran yang 

dihasilkan oleh motor vibrator. Selain itu, sistem ini menggabungkan teknologi IoT 

untuk kawalan dan pemantauan masa nyata melalui aplikasi telefon. Hasil kajian 

menunjukkan bahawa sensor MPU6050 memberikan prestasi terbaik secara 

keseluruhan dari segi ketepatan dan kebolehpercayaan, menjadikannya pilihan yang 

sesuai untuk penyelenggaraan ramalan dalam sistem penghantar. Penyelidikan ini 

menyumbang kepada peningkatan kecekapan sistem penghantar dan keselamatan 

operasi sambil membolehkan amalan penyelenggaraan industri yang lebih pintar. 
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CHAPTER 1  
 
 
 
 
 
 
 

INTRODUCTION 
 

 

 

 

 

1.1  Background Project 

In this kind of era, the reliability of conveyor systems are crucial to the operation 

of many manufacturing and processing units. Conveyor systems are basic components 

in industries such as automotive, foods and logistics. It is where making it easy for 

continuous movement of materials. But the performance of conveyor systems can 

become understood by issues like for example mechanical failures, misalignment and 

much more which causes increased maintenance. Thus, it poses a significant safety 

risk to personnel. A project titled, "An Analysis Of Vibration Sensors for Conveyor 

Systems Using IoT Technology," aims to assess the performance of vibration sensors 

in conveyor systems and analysis in improving system efficiency and safety. The 

problem lies in the lack of clarity regarding which sensor variant is most effective [1]. 

On the top of that, research for the conveyor system in most industries lacks on 

automated sensors for predictive  maintenance that can inform to the technician 
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allowing them to make well organised and scheduled earlier, as highlighted by Giraud 

L in 2004 [2]. A vibration sensor as fault detection can be used to sense any abnormal 

vibration even the sightliest change in trend or unusual peak amplitude [3]. The main 

objective is to analyse three variants of vibration sensors to overcome existing issues 

and enhance their stability, reliability and error percentage. Furthermore, is to aims at 

improving  by pursue in industry 4.0 through providing applicable statistical data and 

active measures using time domain [4] [5]. The methodology involves a 

comprehensive analysis of each sensor's performance under various conditions. 

Expected results anticipate identifying the most efficient and accurate sensor variant. 

This project will involve implementing an IoT feature to notify users via their 

smartphones when safety is compromised. In conclusion, this project aims to provide 

valuable insights into selecting the optimal vibration sensor for enhancing the 

performance and safety of conveyor systems in industrial settings. 

 

1.2  Problem Statement 

In the current ever evolving industrial systems and structures system breakdowns 

because of failures constitute a major problem since it results to high costs of doing 

business and reduced output. Conveyor systems that are so vital in any industrial 

application are prone to mechanical damages. Faults are not easily noticed rather they 

manifest themselves when a system halts [6]. One common challenge has been the 

interaction of the physical asset with the environment leading to faults that would 

result in a decline in the physical asset’s performance level predictive maintenance 

using IoT has been found to be part solution to such problems since it provides an 

opportunity to detect these defaults early enough for maintenance to be completed. 



3 
 

The existing literature does not provide detailed information about the specific  

threshold for vibration sensor according to its parameter such as efficiency and time 

response. Specifically, we will evaluate the effectiveness of different vibration sensors 

which are MPU6050 Accelerometer Module [7],  ADXL345 Accelerometer [8], and 

ADXL335 Accelerometer [9], in detecting and monitoring vibrations in conveyor 

systems. By conducting a thorough analysis of these sensors performance, including 

stability and reliability. We aim to identify the most suitable sensor technology for 

effectively detecting and mitigating vibration related faulty in conveyor operations.  

The current monitoring and alert systems for conveyor vibration incidents rely 

heavily on human action and response, leading to potential delays in detection and 

mitigation efforts [10]. Additionally, there is a lack of developed systems incorporating 

mobile applications for efficient warning alerts and real-time monitoring of vibration 

levels in conveyor systems [11]. Here is an urgent need to develop and deploy an IoT-

based monitoring system to prevent conveyor vibration incidents.  

 

1.3  Objectives 

The project uses IoT technology through smartphones providing personnel in 

monitoring and alerting for conveyor systems. Additionally, it aims to analyse and 

identify the most suitable vibration sensor. Thus, the objectives of the project are:  

i. To develop a predictive maintenance conveyor system equipped with an alarm 

that prevents major faults by detecting unusual vibrations and stopping 

operations immediately. 
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ii. To evaluate the performance of various vibration sensors by analysing their 

response across different frequencies and identifying trends specific to each 

sensor. 

iii. To control and monitoring the conveyor system using IoT technology via 

phone app. 

 

 1.4  Scope Of Work 

The scope of work of this project is design a new conveyor with small size and 

low weight to apply for the experiments, designed to transport loads up to 100 g 

equipped with vibration sensors to analyze its performance with no load, 25 g, and 100 

g load. Properly fix the sensors for dynamic stability then use a controlled vibrator to 

introduce incremental frequencies of vibration of between 23Hz and 144Hz 

continuously running the equipment for fifty days in order to capture the vibration 

regime of the equipment on a daily basis in order to monitor trends, degradation and 

variations in performance over time through mathematical analysis and graphical 

comparisons. Further, the IoT should be utilized to design the monitoring of important 

parameters in response to a control signal such as temperature, the status of the motors, 

and humidity using sensors like DS18B20 or DHT22. 
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CHAPTER 2  
 
 
 
 
 
 

BACKGROUND STUDY 
 
 
 
 

 

2.1  Introduction 

This section summaries the important knowledge and methodological approach 

that related to certain issue. The background study will discuss about the research that 

have been done by the previous research which from internet, article and others. 

Furthermore, it gives a full clarification regarding the titled project’s components 

which are conveyor, IoT systems, and testing for 3 types of vibration sensor in purpose 

of choosing the suitable sensor for the project. Hence, such methods and analysis are 

utilized to seek the sensor’s performance. 

 

2.2  Conveyor System 

The conveyor system is a mechanical device that used for transport items such as 

materials, goods and products from one location to another location. It is widely used 

in industries that involves manufacturing, mining, automotive and logistics. Purpose 
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of this system is to improve the productivity processes and make it more efficient. As 

for the component, conveyor system include belts that made of rubber, plastic or metal 

depending on the work place. The object to support the belt is called rollers and 

pulleys. 

 

Figure 1: Common components of a troughed belt conveyor system 

 

The belt is a key component of the conveyor system that can support the 

material while the system is operating for transport [12]. It describes in a closed loop 

around the conveyor system. Due to that, it is the largest component and most 

expensive. Selection of belts are crucial because of their connection to various 

conveyor components and also it depends on impact, tension, thermal, shear and wear.  

Idlers on the other hand support the belt along the conveyor’s length. They 

minimize the wear by allow it to free rotation supported by sealed bearings. Those 

assemblies consist of shell, axle, seals, bearings and bearing housings that support by 

transoms in purpose of efficient mounting on the conveyor. 

Pulleys are for shaping, driving and assisting the belt. It is classified as drive 

and non drive pulleys. Usually, it make from steel drums with a rim and two end discs, 

mounted on the shafts with compression hubs. 
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Drive assemblies are mounted on a structural steel base and it is the part that 

power the system. It typically involve electric motors, speed reducers and power 

transmission devices. 

 

2.2.1  Lightweight Conveyor 

Lightweight conveyor designed for small items and lower load capacities. The 

system purposely for carry light materials such as aluminum or plastic and it is easy 

to install. Ideally for assembly lines, sorting, packaging operations and small scale 

distribution centers [13]. 

 

Figure 2: Lightweight Conveyor 

 

2.2.2  Mediumweight Conveyor 

Medium weight conveyor systems carry heavier compared to lightweight. 

Typically used in manufacturing, warehousing and logistics. By their appearance, the 

components include chain conveyors, gravity roller conveyors and powered roller 

conveyors. It is purposely to transport materials such as steel and have medium load 

capacities. Medium weight conveyor can use in automotive parts assembly, medium 

scale distribution and manufacturing facilities with medium load requirements. 
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Figure 3: Mediumweight Conveyor 

 

2.2.3  Heavyweight Conveyor 

Heavy weight conveyor systems designed to transport a very heavy materials, 

usually used in industries such as mining, construction, and bulk material handling. It 

include a heavy-duty belt conveyors, apron conveyors, and screw conveyors. The 

systems also made from reinforced steel and heavy-duty alloys so it capable to carry 

a high load capacities.  

 

Figure 4: Heavyweight Conveyor 
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2.3  Enhancing Conveyor Efficiency Through Predictive Maintenance and 

Failure Analysis 

Predictive maintenance is an offshoot of preventative maintenance whereby an 

organization analyses data in real time with the help of sensors and other devices and 

tries to prevent equipment failure from happening. Based on factors such as vibration, 

temperature, pressure or operational cycle, PM detects initial indicators of system 

deterioration or failure, offering opportunities for timely corrective measures to help 

avoid system failure or costly repairs. It optimizes time and frequency for performing 

maintenance work, increases equipment’s life cycle, improves safety and slashes 

expenses by only fixing problems as the arise rather than having a standard time table 

like in preventive maintenance [14]. 

Conveyor stoppage means value loss because the chain transport means is 

designed for constant movement of material or products along a production line, thus 

any pause hinders the manufacturing process. Whenever a conveyor system ceases to 

run, everything comes to a stand still hence slows down productivity and employees 

wait. This disruption reduces revenue in a material way since production goals are not 

met and raw materials cannot be further processed. For instance, if a manufacturing 

plant produces 1000 units daily, and the conveyor stops for 2 hours, the company will 

lose 83 units, which is a lot of money lost. These interruptions reach every other stage 

or level of the supply chain and may in the process lead to inability to meet customers’ 

delivery expectations and decreased profitability [6]. 
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Figure 5: Cause effect diagram of conveyor failures 

 

The figure above displays a tool that is used to determine the potentials of 

conveyors to fail in the process of manufacturing concrete blocks the Ishikawa or 

Fishbone diagram [15]. The diagram organizes potential causes into six categories as 

seen, parts of the cells are generally titled Environment, Man, Method, Machine, 

Material, and Measurement. The presented branches also show more particular details 

about the factors that cost time, including the conveyor alignment, wear at skirts and 

guards, loading errors, and other inefficiencies. This structure helps the project team 

focus and properly tackle the key concerns which may be hindering conveyor 

efficiency. 

 

2.4  Vibration Sensor 

Vibration is a mechanical phenomenon that involves a oscillation around 

equilibrium point. It can be deterministic if it can be precisely characterised or 

unsystematically. Studies stated that sound and vibration slightly identical because 

vibrating structures can produce sound, or pressure waves, which is also can cause 

vibration to structures [16]. There are many sensor that can use in vibration 
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applications such as piezoelectric, accelerometer, and others. In this project, only 3 

sensors has been chosen for the analysis which are MPU6050, ADXL335 and 

ADXL345. 

 

2.4.1  Mpu6050 Accelerometer Module 

The MPU6050 devices contain a 3-axis accelerometer and 3-axis gyroscope 

which are combined in one board. It is attached with Digital Motion Processor (DMP) 

able to processing complex 9-axis Motion Fusion algorithms. The sensor also provide 

temperature readings that can support for temperature variations that can effect the 

sensor accuracy Due to that, the MPU6050 is widely used microelectromechanical 

systems (MEMS) sensor. The sensor communicates with microcontroller via I2C, 

perfectly for integration into projects that relate with smartphones, gaming controller 

and much more [17]. 

 

Figure 6: MPU6050 Breakout Board 

 

According to the figure above [18], the MPU6050 sensor consist of 8 pins. 

VCC is Voltage supply pin which is normally 3.3 V or 5 V in this case it is 5 V. GND 

for grounding. SCL is for I2C communication, as is SDA. For additional sensors, there 

is Auxiliary Data Line known as XDA, and Auxiliary Clock Line that is abbreviated 

as XCL. SDA/OLED If this pin connected with GND, the least significant bit of I2C 
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address is changed. And least but not the last is the Interrupt pin (INT) through which 

the host microcontroller is informed of an event [19]. 

Table 1: MPU6050 Absolute Maximum Ratings 

Parameter Rating 

Supply Voltage, VDD  -0.5V to +6V 

VLOGIC Input Voltage Level (MPU-6050)  -0.5V to VDD + 0.5V 

REGOUT  -0.5V to 2V 

Input Voltage Level (CLKIN, AUX_DA, AD0, 

FSYNC, INT, SCL, SDA)  

-0.5V to VDD + 0.5V 

CPOUT (2.5V ≤ VDD ≤ 3.6V )  -0.5V to 30V 

Acceleration (Any Axis, unpowered)  10,000g for 0.2ms 

Operating Temperature Range  -40°C to +105°C 

Storage Temperature Range  -40°C to +125°C 

Electrostatic Discharge (ESD) Protection  2kV (HBM); 

200V (MM) 

Latch-up  JEDEC Class II (2),125°C 

±100mA 

 

The table above shows the parameter ratings for MPU6050 [20], an integrated 

circuit used for motion tracking. The supply voltage (VDD) range from -0.5V to +6V, 

the VLOGIC input voltage level is between -0.5V and VDD + 0.5V. REGOUT voltage 

ranges from -0.5V to 2V. For CLKIN, AUX_DA, AD0, FSYNC, INT, SCL, and SDA 

input voltage levels, the range is -0.5V to VDD + 0.5V. The CPOUT voltage can go 

up to 30V. The device capable to withstand an acceleration of 10,000g for 0.2ms when 

it is unpowered. It operates within a temperature range of -40°C to +105°C and can 
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stored between -40°C and +125°C. It also has electrostatic discharge (ESD) protection 

of 2kV (HBM) and 200V (MM), and complies with JEDEC Class II latch-up standards 

at 125°C with a tolerance of ±100mA [20]. 

 

2.4.2  Adxl335 Accelerometer Module 

The ADXL335 is a small, thin, low power 3-axis accelerometer. It can provide 

signal conditioned voltage output. The purpose of this sensor is to measure 

acceleration with a small range of ±3 g and can detect both static acceleration of 

gravity in tilt sensing applications. Not only that, it is measure a dynamic acceleration 

resulting from motion, shock or vibration. Features of this sensor is it has analog 

voltage outputs proportional to acceleration along X, Y and Z. Due to the low power 

consumption, it makes it suitable for battery powered device. With that, it is an ideal 

for use in mobile phones, gaming controllers and other device that requiring accurate 

motion detection [21] [22]. 

 

Figure 7: ADXL335 Breakout Board 

 

The sensor needs two connections, the supply voltage known as VCC and the 

ground known as GND and three output leads. Output pins are user defined as XOUT, 
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YOUT and ZOUT corresponding to measurements of X, Y and Z axis respectively. 

[21].  

 

Table 2: ADXL335 Absolute Maximum Rating 

Parameter Rating 

Supply Voltage, Vs −0.3 V to +3.6 V 

Acceleration (Any Axis, Unpowered) 10000g 

Acceleration (Any Axis, Powered) 10000g 

All Other Pins (COM − 0.3 V) to (VS + 0.3 

V) 

Output Short-Circuit Duration 

(Any Pin to Common) 

 Indefinite 

Temperature Range (Powered) −55°C to +125°C 

Temperature Range (Storage) −65°C to +150°C 

 

The table above shows the parameter ratings for ADXL335 [23]. It can endure 

the acceleration of 10000g on any axis for both unpowered and powered. The supply 

voltage (VS) range -0.3V to +3.6V. The other pins can handle voltages from (COM - 

0.3 V) to (VS + 0.3 V). The sensor can operate an indefinite a short circuit duration 

forms any pin to common. The operating temperature range when powered is from -

55°C to +125°C, and it can be stored at temperatures between -65°C and +150°C [23].  
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2.4.3  Adxl345 Accelerometer Module 

The ADXL345 is a small compact with low power usage and has three axis 

accelerometer that provide high resolution measurements up to ±16g. It designed  for 

various of application such as mobile devices, gaming systems and consumer 

electronics. One of the features is it provide a selectable measurement ranges of ±2g, 

±4g, ±8g, and ±16g. Therefore, it is capable to detect a small changes in acceleration. 

This sensor has lower power consumption which is suitable for for battery powered 

devices. It includes an embedded functions such as tap detection, falling detection and 

motion detection. It operates over a wide voltage range around 2V to 3.6V [24]. 

 

Figure 8: ADXL345 Breakout Board 

 

It is used with 8 interface pins only. They are supply voltage (VS), ground 

(GND), chip select (CS), interrupt outputs (INT1, INT2), serial data (SDA), serial 

clock (SCL) & serial data output (SDO) [25]. 

 

Table 3: ADXL345 Absolute Maximum Ratings 

Parameter Rating 

Supply Voltage, Vs −0.3 V to +3.6 V 
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Supply Voltage, VDD I/O −0.3 V to 3.6 V 

Acceleration (Any Axis, Unpowered) 10000g 

Acceleration (Any Axis, Powered) 10000g 

All Other Pins −0.3 V to 3.6 V 

Output Short-Circuit Duration 

(Any Pin to Ground) 

 Indefinite 

Temperature Range (Powered) −40°C to +105°C 

Temperature Range (Storage) −40°C to +105°C 

 

The table above shows a parameter ratings for ADXL345 [26]. The sensor can 

withstand acceleration of up to 10000g on any axis for both powered and unpowered. 

The supply voltage (VS) and VDD I/O voltage range from -0.3 V to 3.6 V, with all 

other pins only -0.3 V to 3.6 V. It can endure an indefinite short circuit duration from 

any pin to ground. The operational temperature range for the sensor when powered is 

-40°C to +105°C and also can be stored with the same temperature range [26]. 
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CHAPTER 3  
 
 
 
 
 
 
 

METHODOLOGY 
 

 
 

 

 

3.1  Introduction 

The section of methodological analysis gives a rather comprehensible idea of 

the research methods in the study. Since the choice of the research design determines 

the whole research process from the start, it defines the type of research design selected 

and the reasons for selecting it. It also describe the data collection methods and the 

certain techniques used to do this project. In addition, for this project, it outlines the 

essential tools required to execute the project and expounds on the process of how the 

project is accomplished.  
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3.2  Analysis Flowchart 
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3.2.1  Analysis Flowchart Explaination 

The flowchart describes the strategy for the selection and validation of 

vibration sensor and microcontroller. The choosing of a microcontroller is done then 

three vibration sensors that are selected from a range of ADXL335, ADXL345, 

MPU6050. Then the relevant code for each sensor is developed with the support of the 

internet for other coding related resources. The circuit has been created and then tried 

out: The sensors are installed along with a motor vibrator to produce the vibration 

conditions, and mathematical conversions are made to determine the mean relative 

sensitivity RMS value to the individual sensors. These results are then cross checked 

with the reference sensor and the error values are then obtained. 

The involve hardware sensors have been challenged to high vibration to check 

on the durability and reliability of the sensor, and know which sensor has a longer life 

span and which one is more reliable. During high speed motor vibration, acceleration 

data was obtained under different axes of the accelerometer. The objective was to 

check whether or not the sensors could withstand the stresses during operation and 

whether the time response detection capability remained as accurate as it was under 

the ideal conditions put into the experiment. This testing assists to determine the best 

sensor to this task that can last longer with high and consistent vibration input signals. 

Once the correct output is obtained, then the mean value of the average error 

is computed, time data in second for each of the sensors. Finally, after having records 

of the various sensors, a decision is made on the development of the best performing 

sensor. Last but not least, the chosen sensor is assembled to the final product. 
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3.3  Research Methodology 

3.3.1  Accelerometer Comprehension 

An accelerometer is a device that can measure acceleration forces in three 

directions being the X, Y, and Z directions. These axes work in three dimensional space 

in that the x axis measures horizonal acceleration, the y axis measures vertical 

acceleration while the z axis measures acceleration in the perpendicular direction of 

the other two axes. There are accelerometers that work on the basis of capacitive, 

piezoelectric or piezoresistive effects. In capacitive accelerometers, acceleration leads 

to capacitance change in view of displacement of a micro-mechanical structure [27]. 

 

Figure 9: Accelerometer and Gyroscope Axes Orientation 

 

Acceleration in each direction is denoted in g forces, which is just force created 

by gravity 1g, or roughly 9.81 m/s². Total acceleration that the accelerometer goes 

through is estimated as the components of axes acceleration by the x, y, and z formulas: 

𝑎𝑎𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = �𝑎𝑎𝑥𝑥2 + 𝑎𝑎𝑦𝑦2 + 𝑎𝑎𝑧𝑧2                                  (3.1) 

Where 𝑎𝑎𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 is the magnitude and 𝑎𝑎𝑥𝑥, 𝑎𝑎𝑦𝑦 and 𝑎𝑎𝑧𝑧 are the accelerations along 

the x, y, and z axes, respectively [28]. Additionally, the Root Mean Square (RMS) 
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value of the acceleration data can be calculated to find an average measure of 

acceleration, which is suitable for analysing vibration data. The RMS value is given 

by: 

𝑎𝑎𝑅𝑅𝑅𝑅𝑅𝑅 = �1
𝑁𝑁
∑ 𝑎𝑎𝑖𝑖2𝑁𝑁
𝑖𝑖=1     (3.2) 

Where 𝑎𝑎𝑅𝑅𝑅𝑅𝑅𝑅 is the RMS acceleration, 𝑁𝑁 is the number of samples and 𝑎𝑎𝑖𝑖 is the 

acceleration value at the i-th sample [28]. 

The mean relative sensitivity of the accelerometer is also important for 

comparing different sensors and is calculated by taking the mean of the absolute values 

of the measured accelerations [29]. The accelerometer data x-axis, y-axis and z-axis is 

recorded at different frequencies to test sensor performance. The mean relative 

sensitivity RMS value is used to find the average performance of the sensor, which is 

then compared to reference sensors to determine error values and overall performance 

under varying conditions. 

 

3.4  Equipment Testing 

3.4.1  Motor Vibrator 

A motor vibrator is a mechanical device that generate the vibration. The 

vibration is often generated by an electric motor with an unbalanced mass on its 

driveshaft. There are many different types of vibrator. They are components of larger 

products such as smartphones, pagers, or video game controllers with a rumble feature 

[30]. 
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Figure 10: Motor Vibrator 

 

The purpose of motor vibrator is to use for generate the acceleration for the 

accelerometer sensor. The method to do this is by mount the motor vibrator on a steady 

object. Based on the previous research, to test the acceleration is by using a vibration 

shaker [7]. However, this project meant for the prototype and there is no such places 

that have the vibration shaker to sell nor to be afford by student. Vibration shaker 

activate using the frequency but motor vibrator could not. In that case, the vibrator 

will supplied by the power supply and frequency desired calculated based on the motor 

rotation (rpm). The formula to find the frequency based on rotation (rpm) shown as 

below [31]: 

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹(𝐻𝐻𝐻𝐻) = 𝑚𝑚𝑡𝑡𝑡𝑡𝑡𝑡𝑚𝑚 𝑚𝑚𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑡𝑡𝑟𝑟(𝑚𝑚𝑟𝑟𝑚𝑚)
60

  (3.3) 

This explained that 1Hz equals to 60rpm. Additionally, frequency to Revolutions per 

Minute conversion can be refer to table as below: 

 

Table 4: Frequency to Revolutions per Minute conversion 

Hertz (Hz) Revolutions per Minute (rpm) 

1 60 
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2 120 

3 180 

4 240 

 

3.4.2  Digital Tachometer 

A tachometer is an instrument measuring the rotation speed of a shaft or disk, 

as in a motor or other machine. he device usually displays the revolutions per minute 

(RPM) on a calibrated analogue dial, but digital displays are increasingly common 

[32]. 

 

Figure 11: Digital Tachometer 

 

This method helps to detect the motor vibrator rotation to detect the revolutions 

per minute in order to convert it into frequency according to sets of testing frequency 

vibration. 

 

3.5  Circuit 

It will also ascertain how the schematic circuit is connected In this section. 

This will explicate the circuit in detail as to facilitate in its understanding. The project 
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requires three circuits for every sensor that interfaces with the microcontroller because 

it is a trinary system that requires three sensors to operate and analyze the acceleration 

information at any one time.  

 

3.5.1  Esp32 With Adxl345 

 

Figure 12: Schematic Circuit Esp32 with ADXL345 

 

3.5.2  Esp32 With Adxl335 

 

Figure 13: Schematic Circuit Esp32 with ADXL335 
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3.5.3  Esp32 With Mpu6050 

 

Figure 14: Schematic Circuit Esp32 with MPU6050 

 

3.5.4  Circuit Hardware 

 

Figure 15: Circuit Hardware 

 

This circuit is designed to monitor and control a motor system using an ESP32 

microcontroller. It measures temperature with a DHT22 sensor and vibration with an 

MPU6050 sensor, displaying real-time data on an LCD. A relay manages motor 

operation, while LEDs and a buzzer provide alerts for system faults or abnormal 
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conditions. If temperature or vibration exceeds predefined thresholds, the ESP32 can 

shut off the motor and trigger a warning. A push button allows manual reset, and the 

system is powered by a 9V battery or any supply within 9–12V, making it ideal for 

safety monitoring and fault diagnosis in motor conveyor applications. 

 

3.6  Components 

Because all of the components required to construct the testing, analysis, and 

conveyor are well-known for creating electronic projects, they are readily available in 

the market. The function of each component used in the project is displayed in the 

table below. The NodeMCU ESP32, ESP32 Base, ADXL335, ADXL345, MPU6050, 

power supply, and motor conveyor are among the planned components. 

Table 5: List Of The Component For The Project 

Component Description 

NodeMCU ESP32 

 

One of the components of this project is the ESP32 

with which the sensor is tested and the results are 

displayed. The coding of each sensor will then upload 

the data into the microcontroller, allowing the 

microcontroller to create accelerometer data according 

to each of the frequencies stated. Besides, it helps to 

link an IoT system with an application for both, the 

control and the monitoring processes. 

ESP32 Base 

The simplest part to accommodate the microcontroller 

is the ESP32 base. Using a breadboard is different 

from what it is described here. Also, it provides the 
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extension terminal to make easy connection with 

sensors in which many pins are included. 

ADXL335 

 

The ADXL335 is a compact, thin, full 3-axis 

accelerometer with signal-conditioned voltage outputs 

that consumes little power. The sensor will be used as 

a testing to observe the performance of the 

acceleration data.  

ADXL345 

 

The ADXL345 is a compact, thin, low-power, three-

axis accelerometer that can measure up to ±16 g with 

excellent resolution. The sensor will be used as a 

testing to observe the performance of the acceleration 

data. 

MPU6050 

 

A 3-axis accelerometer and a 3-axis gyroscope are 

combined onto one chip in the highly integrated 

motion processing device known as the MPU6050. 

The sensor will be employed in an experiment to 

monitor the acceleration data's performance. 

12V Power Supply 

 

Power supply is used to supply electricity to motor 

conveyor so that it could operate for the period of the 

project would take. It is an electrical machine that 

generates a 12v supply to the system with no 

variations in the supply voltage. 
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12V Worm Gear 

Motor (Motor 

Conveyor) 

 

A 12V worm gear motor is a kind of electric motor 

with a worm gear mechanism to produce high torque 

and low speed. It is also utilized in motor conveyor 

systems. 

DHT22 Sensor 

 

This sensor used in the system is known as the DHT22 

sensor is responsible for administering humidity 

surrounding the convener. When high humidity is 

sensed, the system is always beeping, signaling the 

technician in case of emergence of a problem or 

damage. 

Temperature Sensor 

ds18b20 

 

This sensor used in the system is known as the DHT22 

sensor is responsible for administering humidity 

surrounding the convener. When high humidity is 

sensed, the system is always beeping, signaling the 

technician in case of emergence of a problem or 

damage. 

LCD 16x0 

 

The 16x2 LCD can be introduced to the conveyor 

system to show readings like a motor temperature, 

system condition, or any operating characters which 

are useful for monitoring or even maintenance goals 

as they are often straightforward and easy to read. 

 



30 
 

3.7  Block Diagram 

The block diagram starts with the smartphone through which the control and 

monitoring will be done as presented below. The use of the monitoring system is to 

provide the state on the acceleration, whether it is good or not depending with the state 

of the conveyor. The shut down action of the system will then take place immediately 

if the conveyors has abnormally or badly vibrating; because usually, the conveyor has 

a major component failure for instance. Our program is written and controlled by 

ESP32 microcontroller that is considered to be the brain of the developed system. It 

measures acceleration and may be wirelessly controlled by an application running on 

a smart phone. The accelerometer sensor is then utilized to measure vibrations of the 

conveyors. Last but not least, the conveyor system is one of the main projects carried 

out by the company. 

 

Figure 16: Block Diagram Of The Project Analysis 

 

The figures above show the block diagram for a simplified conveyor condition 

monitoring system that is a prototype using ESP32 NodeMCU as the main controller, 

vibration sensor to check for mechanical problems, temperature sensor for overheating 

problems, and humidity sensor to check for appropriate conditions. For continuous 

display of local data, the system has a 16 by 4 LCD; it has a buzzer to notify when the 

limit levels are hit; and has a DC motor to symbolise the conveyor being monitored. 

Sensors acquired data transmitted to the ESP32 for further analysis and then sent to a 
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smartphone via the Wi-Fi connection for remote monitoring decreasing the time for 

maintenance work and enhancing system dependability. 

 

Figure 17: Block Diagram Of The Project Prototype 

 

3.8  Method Implemented 

The functionality and analysis of the prototype must be validated using this 

technique approach that was developed for the product. Furthermore, the tactics are 

based in the significant study concerning vibration analysis and sensor performance. 

Both hardware and software techniques were used in the process. 

 

3.8.1  Software Method 

3.8.1.1  Arduino Ide 

The main program employed in developing this project is the Arduino IDE. 

IDE is an abbreviation that is short for Integrated Development Environment. The 

primary function of Arduino Integrated Development Environment is to program the 
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Arduino Module. It makes code compilation again simple so that anyone who 

generates the files may begin understanding it without necessarily having prior 

knowledge about it. Stated authors pointed out that C and C++ languages are fully 

interoperable with this environment [33]. Each sensor needs to encode on its own as 

well. The sensor will not be the same for this reason because it has different 

specification and a different terminal, however it can be adjusted to make the default 

value equivalent. You may download the coding from the internet. As a way of making 

the device operate, one has to rely on the given source code, check for sems and then 

upload the code to the ESP32. 

 

3.8.1.1.1  Coding For Esp32 With Adxl335 

 

Figure 18: Coding For ESP32 With ADXL335 
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3.8.1.1.2  Coding For Esp32 With Adxl345 

 

Figure 19: Coding For ESP32 With ADXL345 

 

3.8.1.1.3  Coding For Esp32 With Mpu6050 

 

Figure 20: Coding For ESP32 With MPU6050 
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3.8.1.1.4  Coding For Project Prototype 

 

Figure 21: Coding For Project Prototype 

 

3.8.1.2  Blynk App 

 

Figure 22: Blynk Interface 
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3.8.2  Hardware Method 

3.8.2.1  Analysis Hardware 

When engaging in the testing of the study and analysis, particular equipment 

needs to be prepared as follows. In order to have proper vibration data, there must be 

stability of the item that the sensor is placing. In addition to the motor vibrator there 

are additionally three accelerometer sensors placed on the item. If you do not want the 

sensor to move, one must secure the sensor and motor vibrator using double sided-

scotch tape. The vibrator will be powered by the 12v variable power supply where by 

the voltage of the power supply can be changed to change the spin of the vibration. 

The rotation will be dependent on the frequency parameters to establish the rate of 

acceleration data acquired. 

 

Figure 23: 3 Mounted Accelerometer Sensor On Object For Testing 

 

 

Figure 24: 3 Mounted Accelerometer Sensor On Object For Testing (Top View) 
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3.8.2.2  Prototype Hardware 

Having chosen the most appropriate and functional vibration sensor for the 

project, the final touches to the project prototype were developed with the view to 

enhancing its performance and reliability as dictated by the conveyor system. The 

exact decision was made after cross checking and comparing the various test results 

to decide which sensor gave consistent high stability and low errors when exposed to 

high speed vibrations. After the final decision has been made regarding which type of 

sensor is the most suitable for the application, it forms part of a system together with 

temperature and humidity sensors as a means of continuously monitoring the 

performance of the conveyor. This approach enables an early detection of the weak 

areas they want addressed when conducting an analysis by ensuring that the prototype 

in question delivers accurate and reliable data. 

 

Figure 25: Project Device 
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Figure 26: Conveyor Prototype 

 

3.9  Project Costing 

There are several hardware and component elements in this project. The parts 

involved are listed in the table below, along with tools for investigation and study 

including a motor vibrator and digital tachometer. 

 

3.9.1  Component Costing 

Table 6: List Of Components Costing 

No. Item Quantity Price 

(RM) 

Total (RM) 

1. NodeMCU ESP32 Development 

Board Type-C 

3 17.17 51.51 

2. ESP32 Expansion Board 38 Pins 3 8.69 26.07 

3. GY-291 ADXL345 3-Axis 

Accelerometer 

1 8.80 8.80 
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4. GY-521 MPU6050 3-Axis 

Gyroscope & Accelerometer 

1 10.50 10.50 

5. GY-61 ADXL335 3-Axis 

Accelerometer 

1 17.16 17.16 

6. DHT22 Humidity Moisture and 

Temperature Sensor Module 

1 16.00 16.00 

7. LCD (16x2) Yellow Backlight 1 10.50 10.50 

8. Temperature Sensor DS18B20 

Module 

1 2.99 2.99 

9. Buzzer 6-12V c/w Wire 1 3.00 3.00 

10. Jumper Wire 1 3.33 3.33 

11. LED light emitting diode 100pcs 1 5.19 5.19 

Total (RM) 165.05 

 

3.9.2  Testing And Analysis Equipment Costing 

Table 7: List Of Testing And Analysis Equipment Costing 

No. Item Quantity Price 

(RM) 

Total (RM) 

1. Digital Tachometer 1 28.99 28.99 

2. (3-4.5V)Vibration Motor 

18000rpm 

1 6.99 6.99 

Total (RM) 35.98 
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3.9.3  Hardware Costing 

Table 8: List Of Hardware Costing 

No. Item Quantity Price 

(RM) 

Total (RM) 

1. DC Worm Geared Motor 4632 1 25.99 25.99 

2. 12V 3.2A Power Supply 1 12.90 12.90 

3. 863 Ip65 Weather Proof Pvc 

Enclosure Junction Box 

1 10.50 10.50 

4. Conveyor Belt DIY 1 Set 1 15.99 15.99 

Total (RM) 65.38 
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CHAPTER 4  
 
 
 
 
 
 
 

RESULT AND ANALYSIS 
 

 

 

 

 

4.1  Introduction 

These are the three overall goals set out in Chapter 1 of this report and these 

are as follows; This report measures the response of the available vibration sensors to 

the frequency and provide a physical measurement of each of the three sensors, 

designing an automated conveyor with alarm that will shut the conveyor system down 

when unusual vibrations are detected to prevent risk of injury to personnel and to 

check on the vibration condition of the conveyor system using IoT technology. It also 

constructs a fake automated conveyor line to see if such a system is feasible and safe. 

The implications and actual findings of the current study for each of these areas will 

be discussed and assessed throughout this chapter. 
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4.2  Result And Analysis 

The analysis and research segment mainly responds to the first two outcomes, 

which are the description of three kinds of vibration sensors. Further, it assesses the 

reliability and stability of these sensors in order to identify the option with a longer 

duration for use in a conveyor system. 

 

4.2.1  Evaluation Performance Of Various Vibration Sensors By Analysing 

Their Response Across Different Frequencies And Identifying Trends Specific To 

Each Sensor. 

4.2.1.1  Frequency Based Vibration Output 

The below table shows the vibration output captured from three distinct sensor 

including ADXL335, MPU6050 and ADXL345 for the various frequencies 

corresponding to the motor speeds of 23Hz to 144Hz. These tests were planned to 

cover high vibration situations to check the viability of the sensors. The recorded data 

explain how stable, the sensors are as well as how efficient they are in detecting 

vibrations at different frequencies. This kind of comparison determines the best sensor 

to be incorporated in the conveyor system and one that equally works best at higher 

motor speeds. 
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Table 9: Frequency Based Vibration Output For Each Sensors 
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4.2.1.2  Adxl335 Vibration Output 

 

Figure 27: ADXL335 Output at 23Hz 

 

 

Figure 28: ADXL335 Output at 37Hz 
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Figure 29: ADXL335 Output at 46Hz 

 

 

Figure 30: ADXL335 Output at 60Hz 
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Figure 31: ADXL335 Output at 73Hz 

 

 

Figure 32: ADXL335 Output at 92Hz 
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Figure 33: ADXL335 Output at 116Hz 

 

 

Figure 34: ADXL335 Output at 144Hz 
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4.2.1.3  Mpu6050 Vibration Output 

 

Figure 35: MPU6050 Output at 23Hz 

 

 

Figure 36: MPU6050 Output at 37Hz 
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Figure 37: MPU6050 Output at 46Hz 

 

 

Figure 38: MPU6050 Output at 60Hz 
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Figure 39: MPU6050 Output at 73Hz 

 

 

Figure 40: MPU6050 Output at 92Hz 
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Figure 41: MPU6050 Output at 116Hz 

 

 

Figure 42: MPU6050 Output at 144Hz 
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4.2.1.4  Adxl345 Vibration Output 

 

Figure 43: ADXL345 Output at 23Hz 

 

 

Figure 44: ADXL345 Output at 37Hz 
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Figure 45: ADXL345 Output at 46Hz 

 

 

Figure 46: ADXL345 Output at 60Hz 
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Figure 47: ADXL345 Output at 73Hz 

 

 

Figure 48: ADXL345 Output at 92Hz 
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Figure 49: ADXL345 Output at 116Hz 

 

 

Figure 50: ADXL345 Output at 144Hz 
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4.2.1.5  Magnitude Value For Each Sensors 

In table below, the values of each sensor ADXL335, MPU6050 and ADXL345 

along x, y and z axis are given with the magnitude reading. These readings are used to 

monitor and evaluate the change in the sensors response and to analyse their stability 

in detail. 

Table 10: Magnitude Value For ADXL335 

 

 

Table 11: Magnitude Value For MPU6050 

 

 



56 
 

Table 12: Magnitude Value For ADXL345 

 

 

Figure 51: Combined Magnitude Value for Three Sensors 

 

The graph relates the frequencies of the three sensors including ADXL335, 

MPU6050, as well as ADXL345 and the total RMS acceleration achieved from the 

three. The ADXL335 sensor demonstrates the decrease in the measured frequency 

response from 23 Hz to 46 Hz with moderate variations in the midpoint and increased 

frequency of up to 144 Hz. The RMS acceleration of the MPU6050 sensor shows 

stable output with only slight change up to 90 Hz. Of the represented RMS 

acceleration, the ADXL345 sensor has higher oscillations with a steep rise at 73 Hz, 

fall at 92 Hz and steep rise to record the highest value at 144 HZ. These trends reveal 
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how the three sensors qualitatively respond to change in frequency as a result of 

differences in sensitivity and physical properties. 

 

Figure 52: Performance shows MPU6050 has a better stability 

 

The best sensor could be the one that will define the nature and performance 

of the sensors in the varying frequencies. Of all the sensors, the MPU6050 (green line) 

has the least variance in the reading it gives at different frequencies, which makes it 

the most suitable for stable and accurate measurements, for instance in aerospace. The 

same trend is observed in the ADXL335 sensor (blue line) which resonates with the 

characteristics of a systematic and gradual profile as data points but consistently 

illustrates lower RMS acceleration in its data range. It serves a purpose for applications 

which do not call for higher sensitivity or prominently observable vibrations. On the 

other hand, the ADXL345 sensor (red line) is very sensitive especially at high 

frequencies as clearly illustrated by the spike of the RMS acceleration at 144 Hz. 

However, frequent changes of this sensitivity provide a good chance of capturing high-

frequency fluctuations, whereas the changes themselves are too large for more stable 

use. 
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4.2.1.6  Reliability Test Within 50 Days 

The following table shows the reliability test result obtained after 50 days of 

trial. Similar to stability testing, the test involved the motor at its highest vibration 

speed. The procedure was the same with the use of RMS and magnitude formulas in 

arriving at the last result which was then graphed. 

Table 13: Reliability Test For Each Sensor in 50 Days 
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Table 14: Reference Value For Comparison 

 

 

Figure 53: Reliability Magnitude Performance 

 

This graph represents the data of three sensors namely ADXL335, MPU6050 

and ADXL345 together with their calibrated curves at different days. The performance 

of the ADXL335 sensor labeled by blue dotted line increases steadily, and the 

fluctuations are small as compared to the reference line. The MPU6050 sensor 

indicated with a green dotted line describe a fairly stable performance and only exhibit 

small amplitudes of oscillations with reference to its reference line, which indicates a 

high degree of accuracy is being achieved. On the other hand, the ADXL345 sensor 

shown in the figure below with red dash-dotted line is characterized with various 

fluctuations, which includes more peaks and troughs and is quite apart from the 

reference line. This means that the ADXL345 sensor is likely to have higher errors 

rates or sensitive to external interferences than other sensors. 
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Table 15: Error Percentage Compared to 1st Day 
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Figure 54: Error Percentage For Each Sensors 

 

This graph illustrates the error percentages measured daily for three vibration 

sensors which are ADXL335, MPU6050, and ADXL345. The ADXL335 sensor (blue 

curve) initially has low error percentage and as the time progresses gradually spikes 

up showing minor instability. Among the three sensors, the error percentage of 
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MPU6050 is lowest and its fluctuation level is also minimum and steady which 

confirms that it is powerful and reliable sensor. On the other hand, the ADXL345 

sensor (the red curve) oscillates in error percentage highly, in this test, it has some 

sharp peaks and valleys during the observation time. This has brought about 

inconsistency in the sensors’ performance and higher error rates than the other two 

sensors. All in all, the MPU6050 can be summarized as being the most stable sensor 

amongst all tested, to lesser extent the ADXL335 and finally the ADXL345. 

Table 16: Average Error Percentage 

 

 

Figure 55: Average Error Percentage For Each Sensors 

 

This chart compares the average error percentages of three vibration sensors. 

The ones worth mentioning here are ADXL335, MPU6050, ADXL345. The 

MPU6050 sensor has proven to yield the least level of error, approximately 0.36% on 

average which shows high levels of accuracy compared to the other sensors. The 

average error percentage of the ADXL335 of 1.49% can also be said to fall in a 
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moderate relationship to the expected output of the sensor with some variation. The 

specific data reveals that the ADXL345 sensor is the least accurate test, with an 

average error percentage of 2.46%, and the one that varies the most. The above 

comparison shows that the MPU6050 is more reliable than the other sensors while the 

ADXL345 should be modified to reduce the amount of error. 

 

4.2.2  Development Predictive Maintenance Conveyor System Equipped With 

An Alarm That Prevents Major Faults By Detecting Unusual Vibrations And 

Stopping Operations Immediately. 

The sensors were then assessed and from these evaluations the MPU6050 was 

chosen as the main sensor due to better performances in the area of; vibration. For the 

purpose of covering all aspects needed for conveyor condition monitoring, more 

sensors were added to the hardware system including DHT22 that was used for 

measuring the humidity and a temperature sensor. We have incorporated a working 

conveyor system that has been designed to mimic the prototype in this project during 

its operation so as to assess the functionality of the monitoring solution. Outputs to be 

monitored are shown on an LCD screen hence offering real time information of the 

vibration and other information. Another key component of the system is a buzzer 

which is safety feature of the system to alert the operator of abnormal or unusual 

vibration signal patterns, that are indicative of possible problems with the equipment. 

Such a selection of sensors and the alerting systems will make sure the project fulfils 

the requirements for monitoring in addition to improving the reliability as well as the 

safety of the conveyor systems.  
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4.2.2.1  Model Design Of The Predictive Maintenance Conveyor System 

Device 

The following set of pictures represents the full design of the project model the 

pictures depict the fully closed casings of the model and also the fully opened casings 

of the model. The design is connected to the conveyor prototype and all the necessary 

sensors, MPU6050, DHT22, the temperature sensor, which is used for the conveyor 

state control. The closed casing version is focused on emphasizing the structure and 

space, which is inside the system while the open casing version shows the detailed 

connections of the wires and image of the internal components of the hardware of the 

system. 

 

Figure 56: View Of The Project 

 

 

Figure 57: View Of The Project (Opened) 
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Figure 58: DS18B20 Temperature Sensor and MPU6050 Vibration Sensor 
Connected To The DC Motor 

  

 

Figure 59: Buzzer and DHT22 Humidity Sensor Placed At The Side Of The 
Casing 

 

4.2.2.2  Output Of The Predictive Maintenance Conveyor System Device 

This section concentrates on the output capability of the device. The device 

used is a 16 x 2 LCD which presents the monitoring data such as temperature, 

humidity, and the condition of the conveyor as it is at the time of monitoring. The 

system identifies and displays three distinct conditions normal, fault, and critical. As 

for these conditions, LED indicator also change color, green is normal, orange is for 

fault, and red for critical condition visually giving the operator an easy to understand 

signal. 
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Figure 60: LCD 16x2 And 3 LEDs 

 

 

Figure 61: Conveyor In Normal Condition 

 

 

Figure 62: Conveyor In Normal Condition (Plotter) 
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Figure 63: Conveyor In Faulty Condition 

 

 

Figure 64: Conveyor In Faulty Condition (Plotter) 
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Figure 65: Conveyor In Critical Condition 

 

 

Figure 66: Conveyor In Critical Condition (Plotter) 

 

4.2.3  Control and monitoring the conveyor system using IoT technology via 

phone app 

This segment explains the Blynk mode of operation where essential data such 

as the magnitude of vibration or the temperature and humidity of the area as provided 

to the users in a friendly format. The interface also has the control buttons to enable 
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starting or stopping of the conveyor from a distance in order to ease the operations 

management.  

 

Figure 67: Blynk Interface (OFF Buzzer/ON Conveyor) 

 

 

Figure 68: Blynk Interface (ON Buzzer/OFF Conveyor) 
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The following figure shows the Blynk interface where notifications can be set 

for if the system ever recognises a fault condition. 

 

Figure 69: Blynk Interface Notification Received (Faulty Condition) 

 

4.2.4  Sustainability of Design Product/Technology and Research Analysis 

This material aligns SDG 8 (Decent Work and Economic Growth) and SDG 9 

(Industry, Innovation, and Infrastructure) with the sustainability of the designed 

conveyor monitoring system in improving the reliability and productivity in the 

conveyor systems, thus, cutting time wastage. High quality sensors including 

MPU6050 and DHT22 temperature along with temperature sensors are incorporated 

in the system to facilitate early detection of faults which in turn reduces costs of 

production while maintaining production rate. Through efficiency of conveyor 

movement, the system conserves energy and minimizes the use of materials, creating 

environmental benefits. Further, applying IoT technology, including the Blynk 

platform also encourages innovation and allows for the development of robust 

industrial infrastructure to be implemented remotely. The project also helps to make 



77 
 

workplaces safer by providing timely notification and thus creating decent workplace 

for the employees. Furthermore, its compact and flexible structure ensures the 

company’s orientation toward different spheres of the economy, promoting stable 

development and the use of innovative high-performance technologies in various 

fields.  
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CHAPTER 5  
 
 
 
 
 
 
 

CONCLUSION AND FUTURE WORK 
 

 

 

 

 

5.1  Conclusion 

This project exemplarily built a predictive maintenance system for conveyor 

operations by incorporating sophisticated sensors and IoT into a single solution. It was 

also established that the MPU6050 sensor was the most reliable and stable out of the 

available sensor types providing enhanced performance in vibration measurement 

during different operation. Due to its reliability and ability to offer consistent results 

for longer, it is perfect in the management of the conveyors and overall reduction of 

all risks associated with mechanical breakdowns. Other sensors such as the DHT22 

temperature sensor were incorporated to complement MPU6050 to give the complete 

status of the performance of the conveyor system by monitoring features such as 

humidity and temperature. They include LCD 16x2 display module for displaying the 

continuously real-time monitoring data and an LED indicator and buzzer for alarming 
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when the data is beyond normal/abnormal or critical value. Further, as a part of the 

IoT element, the model incorporates Blynk Technology, this gives users a chance to 

monitor and control the conveyor’s vibration magnitude, temperature, and humidity 

levels through a smartphone application. The project specifically runs diagnostics 

tools to detect faults that would otherwise take a longer period to identify, fix and 

prevent; thus, the project minimizes or eradicates any downtime and disruption of 

operations that could translate to increased safety risks and lower productivity. From 

the perspective of Industry 4.0 which is primarily based on automation and data 

exchange this project can become the example of how different industrial processes 

could be modernized for perceiving new challenges and promoting further sustainable 

development. Concisely, the theoretical and practical analysis of this kind of predictive 

maintenance system demonstrates the efficiency of this solution for increasing the 

reliability and safety of conveyor equipment and operations in industrial settings. 

 

5.2  Future Work 

For the future enhancement of the system, the enhancements could be made by 

adding more sensors to the system that can indicate some other important parameters 

such as, load distribution, tension of the belt and health of the motor, thus giving a 

more sophisticated solution to the problem. Having a cloud-based IoT could add to the 

system by providing means of real-time storage, analytics, and even predictive 

modeling, all of which work as a foundation for improved decision making and long-

term maintenance planning. Use of more advanced artificial intelligence techniques 

such as Machine Learning could be incorporated to enhance the capability of fault 

detection through evaluating elaborate sign patterns in vibration and environmental 

information as well as the capability to improve with different operation conditions 
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over time. Furthermore the integration of the prototype would be possible for larger 

industrial systems or could be in adapted for other industries requirements. Additional 

testing to environments that are not favorable for the generation of power could be 

carried out whereby the system could be tested at very high and very low temperatures 

and under high humidity conditions. The improvement of the functionality and 

insertion of energy-saving components and renewable energy sources, such as the 

solar panels, to increase the sustainability of the system may increase the relation 

between the Objectives and SDG 8 (Decent Work and Economic Growth) and SDG 9 

(Industry, Innovation, and Infrastructure). Finally, while extending the system, 

investigating how AR can be used for maintenance instructions or for support when 

remote could provide new ideas on how to assist the technician in identifying and 

responding to a fault in the most advantageous and proficient manner to support the 

totality of the system.  
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APPENDICES 
 

 

Appendix A – ADXL335 Datasheet 
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Appendix B – ADXL345 Datasheet 
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Appendix C – MPU6050 Datasheet 
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Appendix D – ESP32 Pin Configuration 
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Appendix E – ADXL335 Code 

#define X_PIN A0 

#define Y_PIN A3 

#define Z_PIN A4 

 

// ADXL335 constants 

const float VOLTAGE_REF = 3.3; // Voltage reference for the analog input (3.3V for 
ESP32) 

const float ZERO_G_VOLTAGE = VOLTAGE_REF / 2; // Zero-g voltage (typically 
half of the reference voltage) 

const float SENSITIVITY = VOLTAGE_REF / 10; // Sensitivity is 300mV/g, 
convert to V/g 

 

void setup(void) { 

  Serial.begin(115200); 

  while (!Serial) 

    delay(10); // will pause Zero, Leonardo, etc until serial console opens 

 

  Serial.println("ADXL335 test!"); 

 

  Serial.println(""); 

  delay(100); 

} 

 

void loop() { 

  /* Get new sensor readings */ 

  int rawX = analogRead(X_PIN); 

  int rawY = analogRead(Y_PIN); 

  int rawZ = analogRead(Z_PIN); 

 

  // Convert raw values to voltages 

  float voltageX = rawX * (VOLTAGE_REF / 4095.0); // For ESP32, 12-bit ADC 

  float voltageY = rawY * (VOLTAGE_REF / 4095.0); // For ESP32, 12-bit ADC 
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  float voltageZ = rawZ * (VOLTAGE_REF / 4095.0); // For ESP32, 12-bit ADC 

 

  // Convert voltages to accelerations in g's 

  float accelerationX = (voltageX - ZERO_G_VOLTAGE) / SENSITIVITY; 

  float accelerationY = (voltageY - ZERO_G_VOLTAGE) / SENSITIVITY; 

  float accelerationZ = (voltageZ - ZERO_G_VOLTAGE) / SENSITIVITY; 

 

  /* Print out the values in a format suitable for Serial Plotter */ 

  Serial.print(accelerationX); 

  Serial.print(","); 

  Serial.print(accelerationY); 

  Serial.print(","); 

  Serial.print(accelerationZ); 

  Serial.println(); 

 

  delay(500); 

} 
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Appendix F – ADXL345 

#include <Wire.h> 

#include <Adafruit_Sensor.h> 

#include <Adafruit_ADXL345_U.h> 

 

// Create an ADXL345 accelerometer object 

Adafruit_ADXL345_Unified accel = Adafruit_ADXL345_Unified(12345); 

 

void setup(void) { 

  Serial.begin(115200); 

  while (!Serial) 

    delay(10); // will pause Zero, Leonardo, etc until serial console opens 

 

  Serial.println("Adafruit ADXL345 test!"); 

 

  // Try to initialize! 

  if (!accel.begin()) { 

    Serial.println("Failed to find ADXL345 chip"); 

    while (1) { 

      delay(10); 

    } 

  } 

  Serial.println("ADXL345 Found!"); 

 

  accel.setRange(ADXL345_RANGE_16_G); 

  Serial.print("Accelerometer range set to: "); 

  switch (accel.getRange()) { 

  case ADXL345_RANGE_2_G: 

    Serial.println("+-2G"); 

    break; 

  case ADXL345_RANGE_4_G: 

    Serial.println("+-4G"); 
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    break; 

  case ADXL345_RANGE_8_G: 

    Serial.println("+-8G"); 

    break; 

  case ADXL345_RANGE_16_G: 

    Serial.println("+-16G"); 

    break; 

  } 

 

  Serial.println(""); 

  delay(100); 

} 

 

void loop() { 

  /* Get new sensor events with the readings */ 

  sensors_event_t event; 

  accel.getEvent(&event); 

 

  /* Print out the values in a format suitable for Serial Plotter */ 

  Serial.print(event.acceleration.x); 

  Serial.print(","); 

  Serial.print(event.acceleration.y); 

  Serial.print(","); 

  Serial.print(event.acceleration.z); 

  Serial.println(); 

 

  delay(500); 

} 
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Appendix G – MPU6050 

#include <Adafruit_MPU6050.h> 

#include <Adafruit_Sensor.h> 

#include <Wire.h> 

 

Adafruit_MPU6050 mpu; 

 

void setup(void) { 

  Serial.begin(115200); 

  while (!Serial) 

    delay(10); // will pause Zero, Leonardo, etc until serial console opens 

 

  Serial.println("Adafruit MPU6050 test!"); 

 

  // Try to initialize! 

  if (!mpu.begin()) { 

    Serial.println("Failed to find MPU6050 chip"); 

    while (1) { 

      delay(10); 

    } 

  } 

  Serial.println("MPU6050 Found!"); 

 

  mpu.setAccelerometerRange(MPU6050_RANGE_8_G); 

  Serial.print("Accelerometer range set to: "); 

  switch (mpu.getAccelerometerRange()) { 

  case MPU6050_RANGE_2_G: 

    Serial.println("+-2G"); 

    break; 

  case MPU6050_RANGE_4_G: 

    Serial.println("+-4G"); 

    break; 
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  case MPU6050_RANGE_8_G: 

    Serial.println("+-8G"); 

    break; 

  case MPU6050_RANGE_16_G: 

    Serial.println("+-16G"); 

    break; 

  } 

  mpu.setGyroRange(MPU6050_RANGE_500_DEG); 

  Serial.print("Gyro range set to: "); 

  switch (mpu.getGyroRange()) { 

  case MPU6050_RANGE_250_DEG: 

    Serial.println("+- 250 deg/s"); 

    break; 

  case MPU6050_RANGE_500_DEG: 

    Serial.println("+- 500 deg/s"); 

    break; 

  case MPU6050_RANGE_1000_DEG: 

    Serial.println("+- 1000 deg/s"); 

    break; 

  case MPU6050_RANGE_2000_DEG: 

    Serial.println("+- 2000 deg/s"); 

    break; 

  } 

 

  mpu.setFilterBandwidth(MPU6050_BAND_5_HZ); 

  Serial.print("Filter bandwidth set to: "); 

  switch (mpu.getFilterBandwidth()) { 

  case MPU6050_BAND_260_HZ: 

    Serial.println("260 Hz"); 

    break; 

  case MPU6050_BAND_184_HZ: 

    Serial.println("184 Hz"); 
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    break; 

  case MPU6050_BAND_94_HZ: 

    Serial.println("94 Hz"); 

    break; 

  case MPU6050_BAND_44_HZ: 

    Serial.println("44 Hz"); 

    break; 

  case MPU6050_BAND_21_HZ: 

    Serial.println("21 Hz"); 

    break; 

  case MPU6050_BAND_10_HZ: 

    Serial.println("10 Hz"); 

    break; 

  case MPU6050_BAND_5_HZ: 

    Serial.println("5 Hz"); 

    break; 

  } 

 

  Serial.println(""); 

  delay(100); 

} 

 

void loop() { 

  sensors_event_t a, g, temp; 

  mpu.getEvent(&a, &g, &temp); 

  Serial.print(a.acceleration.x); 

  Serial.print(","); 

  Serial.print(a.acceleration.y); 

  Serial.print(","); 

  Serial.println(a.acceleration.z); 

  delay(500); 

} 
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Appendix H – Project Device Code 

#define BLYNK_TEMPLATE_ID "TMPL6ld-rnZBZ" 

#define BLYNK_TEMPLATE_NAME "PSM" 

#define BLYNK_AUTH_TOKEN "z-vz8sV4Bp7OZUCrlgN62kzCtYXBhPb6" 

 

#include "DHT.h" 

#include <Adafruit_MPU6050.h> 

#include <Adafruit_Sensor.h> 

#include <Wire.h> 

#include <WiFi.h> 

#include <BlynkSimpleEsp32.h> 

#include <OneWire.h> 

#include <DallasTemperature.h> 

#include <LiquidCrystal_I2C.h> 

 

// DHT Sensor setup 

#define DHTPIN 14 // Digital pin connected to the DHT sensor 

#define DHTTYPE DHT22 // DHT 22 (AM2302), AM2321 

DHT dht(DHTPIN, DHTTYPE); 

 

// Blynk and WiFi credentials 

char auth[] = BLYNK_AUTH_TOKEN; 

char ssid[] = "IfUrNotInMyBlacklistUMayConnect"; 

char pass[] = "001010011"; 

 

// Pin Definitions 

#define BUZZER_TOGGLE_PIN V4 

const int oneWireBus = 4; 

const int buzzerRelayPin = 5; 

const int redLedPin = 12; 

const int orangeLedPin = 13; 

const int greenLedPin = 27; 
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Adafruit_MPU6050 mpu; 

OneWire oneWire(oneWireBus); 

DallasTemperature sensors(&oneWire); 

LiquidCrystal_I2C lcd(0x27, 16, 2); 

 

bool buzzerToggleState = false; // Buzzer toggle state 

bool faultNotificationSent = false; // Track if notification was sent 

 

// Blynk Virtual Pin for Buzzer Toggle 

BLYNK_WRITE(BUZZER_TOGGLE_PIN) { 

  buzzerToggleState = param.asInt(); // Read toggle switch state (0 or 1) 

  digitalWrite(buzzerRelayPin, buzzerToggleState ? HIGH : LOW); // Control buzzer 

} 

 

void setup() { 

  Serial.begin(115200); 

 

  // WiFi and Blynk setup 

  WiFi.begin(ssid, pass); 

  Blynk.begin(auth, ssid, pass); 

 

  // DHT22 setup 

  dht.begin(); 

 

  // MPU6050 setup 

  if (!mpu.begin()) { 

    Serial.println("Failed to find MPU6050 chip"); 

    while (1) delay(10); 

  } 

  mpu.setAccelerometerRange(MPU6050_RANGE_8_G); 

  mpu.setGyroRange(MPU6050_RANGE_500_DEG); 
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  mpu.setFilterBandwidth(MPU6050_BAND_5_HZ); 

 

  // DS18B20 and LCD setup 

  sensors.begin(); 

  lcd.begin(); 

  lcd.backlight(); 

  lcd.setCursor(0, 0); 

  lcd.print("Initializing..."); 

  delay(2000); 

  lcd.clear(); 

 

  // Pin Modes 

  pinMode(buzzerRelayPin, OUTPUT); 

  pinMode(redLedPin, OUTPUT); 

  pinMode(orangeLedPin, OUTPUT); 

  pinMode(greenLedPin, OUTPUT); 

  digitalWrite(buzzerRelayPin, LOW); // Ensure buzzer is off 

} 

 

void loop() { 

  Blynk.run(); 

 

  // Read DHT22 sensor data 

  float humidity = dht.readHumidity(); 

  float temperatureDHT = dht.readTemperature(); 

 

  // Handle DHT22 read errors 

  if (isnan(humidity) || isnan(temperatureDHT)) { 

    Serial.println(F("Failed to read from DHT sensor!")); 

    humidity = -1; // Use -1 as an error flag 

    temperatureDHT = -1; 

  } 
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  // Sensor readings 

  sensors_event_t a, g, temp; 

  mpu.getEvent(&a, &g, &temp); 

  sensors.requestTemperatures(); 

  float temperatureC = sensors.getTempCByIndex(0); 

 

  // Calculate magnitude of acceleration vector 

  float magnitude = sqrt(pow(a.acceleration.x, 2) + pow(a.acceleration.y, 2) + 
pow(a.acceleration.z, 2)); 

 

  // Critical and fault condition logic 

  bool criticalCondition =  

      a.acceleration.x > 1.1 || a.acceleration.x < -0.1 ||   

      a.acceleration.y > 0.73 || a.acceleration.y < -0.47 ||  

      a.acceleration.z > 10.16 || a.acceleration.z < 8.96; 

 

  bool faultCondition =  

      a.acceleration.x > 0.8 || a.acceleration.x < 0.2 ||   

      a.acceleration.y > 0.43 || a.acceleration.y < -0.17 ||  

      a.acceleration.z > 9.86 || a.acceleration.z < 9.26; 

 

  if (criticalCondition) { 

    lcd.clear(); 

    lcd.setCursor(0, 0); 

    lcd.print("Critical"); 

    Serial.println("Critical"); 

    digitalWrite(buzzerRelayPin, HIGH); 

    digitalWrite(redLedPin, HIGH); 

    digitalWrite(orangeLedPin, LOW); 

    digitalWrite(greenLedPin, LOW); 

    faultNotificationSent = false; // Reset fault notification flag 
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  } else if (faultCondition) { 

    lcd.clear(); 

    lcd.setCursor(0, 0); 

    lcd.print("Fault Detected"); 

    Serial.println("Fault Detected"); 

    digitalWrite(buzzerRelayPin, buzzerToggleState ? HIGH : LOW); 

    digitalWrite(redLedPin, LOW); 

    digitalWrite(orangeLedPin, HIGH); 

    digitalWrite(greenLedPin, LOW); 

 

    // Send notification if not already sent 

    if (!faultNotificationSent) { 

      Blynk.logEvent("faultNotificationSent", "Fault detected in the system!"); 

      faultNotificationSent = true; // Prevent duplicate notifications 

    } 

  } else { 

    lcd.setCursor(0, 0); 

    lcd.print("Temp:"); 

    lcd.print(temperatureC); 

    lcd.print("C "); 

    lcd.setCursor(0, 1); 

    lcd.print("Hum:"); 

    lcd.print(humidity); 

    lcd.print("%"); 

    digitalWrite(buzzerRelayPin, buzzerToggleState ? HIGH : LOW); 

    digitalWrite(redLedPin, LOW); 

    digitalWrite(orangeLedPin, LOW); 

    digitalWrite(greenLedPin, HIGH); 

    faultNotificationSent = false; // Reset fault notification flag 

  } 

 

  // Serial output 
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  Serial.print("Accel_X:"); 

  Serial.print(a.acceleration.x); 

  Serial.print(", Accel_Y:"); 

  Serial.print(a.acceleration.y); 

  Serial.print(", Accel_Z:"); 

  Serial.println(a.acceleration.z); 

  Serial.print("Magnitude:"); 

  Serial.println(magnitude); 

  Serial.print("Temp_C:"); 

  Serial.println(temperatureC); 

  Serial.print("Humidity:"); 

  Serial.println(humidity); 

 

  // Blynk virtual write 

  Blynk.virtualWrite(V0, a.acceleration.x); 

  Blynk.virtualWrite(V1, a.acceleration.y); 

  Blynk.virtualWrite(V2, a.acceleration.z); 

  Blynk.virtualWrite(V3, temperatureC); 

  Blynk.virtualWrite(V5, humidity); // Send humidity to Blynk 

  Blynk.virtualWrite(V7, magnitude); // Send magnitude to Blynk 

 

  delay(500); 

} 
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