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Abstract. This project is related to mechanical vibration. This project creates a low-cost vibration monitoring system to determine the vibration of the target machine and display the vibration trend in the interface software Blynk software. The important hardware of this low-cost vibration monitoring system are Hibiscus Sense, accelerometer GY-521 MPU6050 and 5000mAh power bank. Hibiscus Sense is an ESP32 development board that includes a microcontroller, accelerometer MPU6050 and temperature sensor BME280. It is an IoT device that can transmit data over wireless connections such as 2.4GHz Wi-Fi and BLE (Bluetooth Low Energy). The microcontroller from Hibiscus Sense is used to manage the built-in accelerometer MPU6050 and accelerometer GY-521 MPU6050, and transmit data to the Blynk software via a Wi-Fi connection. Two MPU6050s are used to detect the vibration generated by the motor. Besides, the interface software of this low-cost vibration monitoring system are Arduino IDE software and Blynk software. The Arduino IDE is the programming software used to generate the code to run the system, while Blynk is used to display the received data in gauge form and trend form for vibration analysis.
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1. Introduction

	Vibration refers to the oscillation, rotation, or any repetitive movement of a rigid or flexible object or substance that is displaced from a state of balance. [1]. Machine vibration is a prevalent and frequently inevitable outcome of the movement and rotation of various parts. It is commonly caused by the tolerances in manufacturing and assembly, leading to gaps between mating parts or imbalances in spinning components. Although regular wear and tear can gradually increase vibration, a significant or sudden rise or alteration in vibration may signal a problem. This could indicate that the machine or its components are experiencing heightened stress, loss of stiffness, and premature wear[2].
   Vibration analysis involves identifying irregularities and tracking alterations in the vibration pattern of a system. Changes in the magnitude, strength, and frequency characterize the vibration of any movable object. This method can reveal an emerging issue that can be rectified to prolong the machine's lifespan, monitor an ongoing problem that is irreversible and worsening, and establish criteria for acceptance testing to ensure proper installation/repairs [3].

	Vibration issues are not as commonly addressed in India as they are in Western countries. However, there is a growing recognition of their significance in the industry. Due to the higher cost of importing vibration instruments, local enterprises require a cost-effective and energy-efficient vibration monitoring system that can be used in hazardous locations like Class-B and Class-C. This proposed design could be an excellent option for small or medium-sized electrical and mechanical businesses, offering both usefulness and cost-effectiveness. The suggested design is a flexible, customizable instrument that can be wired or wireless, allowing for field or remote use. It senses vibration as acceleration and velocity and displays the data on an LCD (Liquid Crystal Display) [4]. Consequently, the emergence of IoT for Structural Health Monitoring (SHM) in aircraft structures holds great promise. However, there are currently obstacles in developing rapid, precise, and cost-effective solutions for SHM systems in aircraft. In the prior investigation, the affordable MEMS accelerometer vibration sensors ADXL335 and MPU6050 were widely utilized in various fields for measurement and analysis purposes. An example of this is the application of the ADXL335 sensor in a vibration monitoring system on the PT-1000/60 conveyor belt. As indicated in the aforementioned study [5], the ADXL335 was employed to capture vibration data by positioning it on the conveyor belt and connecting it with other Arduino components like Arduino UNO and Shield Data Logger to generate time-domain graphs, FFT graphs, and to archive historical data. Additionally, the ADXL335 sensor was utilized to conduct wireless vibration analysis by detecting the unbalanced faults produced by the experimental test rig system [6].



















1.1	Problem Statement

Until now, there has been limited research into low-cost devices that could help to track machine efficiency or to enhance the reliability of machine components. The majority of research on vibration focusses on industrial level and high end vibration monitoring system. It is worth to look at the possibility and practicality of developing in-house vibration monitoring system so that, industrial practitioners could deploy and utilize the method for beneficial of their organization engineering system. The aim of this project includes the creation and validation of an affordable vibration monitoring system, as well as the implementation of software development for said system. Data collected from the integrated MPU6050 and GY-521 MPU6050 will be displayed in the Blynk software for the purpose of data comparison and vibration analysis.
	


2. Methodology 

	2.1 Vibration Monitoring System

	There are 2 significant parts of the vibration monitoring system to consider, software and hardware development. This project mainly explains the software development and hardware part which focuses on the selection of main and the actual appearance of components.

	2.2 Software Implementation
	
	This section provide information about the software interfaces utilized to create real-time time domain graphs for vibration analysis using received data. The project selected version 1.8.19 of the Arduino IDE software due to its free availability, ease of access, and compatibility with the ESP32 microcontroller development board, as depicted in Figure 1. The Arduino IDE software can be used to program the vibration monitoring system. Additionally, the Arduino programming code is written in Java and based on C++ programming.
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Figure 1 Arduino IDE software

	The Blynk software was selected as the second interfacing software due to its user-friendly interface and cost-free nature for data visualization needs. With Blynk software, users can conveniently monitor vibration data on both the Blynk IoT website and mobile application as depicted in Figure 2. The data transmitted from the Hibiscus Sense's microcontroller through Wi-Fi can be presented in gauge chart and graphical formats. Figure 3 depicted the Hibiscus Sense feature used in the research project.



 


	 
	   


 Figure 2 Gauge Chart and Line Graph on Blynk software

2.3	Required Hardware

[image: ]
Figure 3 Overview of Hibiscus Sense

Table 1 Hibiscus Sense required specification 
	Working Voltage
	3.3V

	Working Frequency
	240MHz

	MPU6050’s Sampling Range
	1kHz to 8kHz

	MPU6050’s Temperature Sampling Range
	-40 to 87

	Dimension
	58.7 
(Length  Height)



	The Hibiscus Sense is a Internet of Things (IoT) development board that has allows wireless connectivity with computer and smartphone through both Wi-Fi and Bluetooth. The microcontroller of Hibiscus Sense is used to receive the commands given in the Arduino IDE software to manage the MPU6050 accelerometer (built-in sensor of Hibiscus Sense) as per Figure 4 and the GY-521 MPU6050 accelerometer and transmit the data of both sensors to the Blynk software. Meanwhile, Table 2 states the GY-521 MPU6050 Accelerometer specification for the use in this project.

[image: ]
Figure 4 GY-521 MPU6050 Accelerometer


[bookmark: _Hlk174696766]Table 2 GY-521 MPU6050 Accelerometer specification
	Operating Voltage & Current
	3.3V to 5V, 500A

	Operating Frequency
	20MHz

	Sampling Range
	1kHz to 8kHz

	Temperature Sampling Range
	-40 to 85

	Dimension (Excluding Pins)
	21.2 16.4  3.3 mm



	The GY-521 MPU6050 is also used to detect the machinery vibration during machine operation for vibration analysis and data comparison. A 5000 mAh power bank is required to act as power supply for the Hibiscus Sense. This powerbank is used as the power supply to provide the current and voltage to the Hibiscus Sense and GY-521 MPU6050, just connect to the USB port on the hibiscus sense via a Type-C cable.

Hardware and Software Set Up
	
	As a summary of this section, the Arduino IDE software setup is shown in Figure 5, Figure 6, Figure 7 and Figure 8 whereas the setup of Blynk software is shown in Figure 9. The overview of hardware setup is shown in Figure 10.
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Figure 5 Programming Code Setup (Arduino IDE software)


Figure 6 Software Integration Code and Library Required Code

[image: ]
Figure 7 Main Operation Function Code


Figure 8 Sub-operation Function Code




Figure 9 Setting of DataStream of Blynk Software


Figure 10 Setting of Dashboard of Blynk Software

	The coding in the Arduino IDE is uploaded to the Hibiscus Sense via the Type-C cable. The code is used to command the Hibiscus Sense’s microcontroller to manage the built-in MPU6050 and GY-521 MPU6050, and transmit the data to the Blynk software. Next the code needed to integrate with the Blynk. After that, the following lines in Figure 6 are the library code and code needed for Hibiscus Sense to connect wifi and Blynk. There is code to define the two MPU6050. The setup function code in  Figure 8 is used to establish the connection between Hibiscus Sense and Blynk, and activate the both sensors. Furthermore, there is code to send the data to the Blynk, code to activate the sub-operation function and time interval to transmit data. In addition, there is the code to collect the required data from both sensors in the two sub-operation function and the setting of datastreams in Blynk is used to define the received data for data display. The setting of Blynk dashboard as shown in Figure 10 is used to display the data in gauge chart form and graphically form.

3. Result 

	3.1 Data Collection and Data Comparison

This section presents the data recorded on the machinery fault simulator in tabular and graphical form for data comparison and vibration analysis. The collected data of two MPU6050s are all in unit acceleration, m/s2. The temperature data will not be used for data acquisition and data comparison because this data is used to detect the ambient temperature of the vibration monitoring system to avoid overheating of Hibiscus Sense and GY-521 MPU6050 during data recording.  

3.1.1 Under Balanced Condition

The machinery fault simulator creates balanced conditions when there are no bolts and nuts on the rotor as shown in Figure 11. The data was collected when the motor speed was set at 10RPM, 20RPM and 30RPM respectively. Data from the Blynk dashboard as shown in Figure 12 is recorded by the computer's screen recorder for data comparison between built-in MPU6050 and GY-521 MPU6050.
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Figure 11 Rotor with No Bolts and Nuts

Figure 12 Displayed data in Dashboard of Blynk

Table 3 Acceleration of Two MPU6050s when Motor Speed is 10RPM
	Time (s)
	Acceleration of Built-In MPU6050

(m/s2)
	Acceleration of GY-521 MPU6050

(m/s2)

	
	X-axis
	Y-axis
	Z-axis
	X-axis
	Y-axis
	Z-axis

	2
	-1.01
	0.15
	-9.69
	1.07
	-0.12
	-9.23

	4
	-1.36
	0.14
	-9.38
	1.10
	-0.17
	-9.46

	6
	-1.23
	0.04
	-9.61
	0.57
	-0.34
	-9.62

	8
	-0.91
	0.30
	-9.57
	0.75
	-0.32
	-9.40

	10
	-1.32
	0.39
	-9.19
	1.21
	-0.24
	-9.47

	12
	-0.73
	0.41
	-9.59
	0.24
	-0.24
	-9.79

	14
	-1.30
	0.46
	-9.66
	0.91
	-0.26
	-9.48

	16
	-1.13
	0.37
	-9.66
	0.80
	-0.33
	-9.57

	18
	-1.37
	0.33
	-9.68
	0.50
	-0.04
	-9.47
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Figure 13 Acceleration in X-axis versus Time when 10RPM motor speed
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Figure 14 Acceleration in Y-axis versus Time when 10RPM motor speed
[image: A graph with lines and dots
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Figure 15 Acceleration in Z-axis versus Time when 10RPM motor speed

The graphs of acceleration vs. time for each axis are shown in Figure 13, Figure 14 and Figure 15 respectively when motor speed is set at 10RPM. The blue trend represents the data generated by the built-in MPU6050, while the red trend represents the data generated by the GY-521 MPU6050. Based on the graphs, the data between the two MPU6050s on the X-axis and Y-axis are different, but the same on the Z-axis under the balance condition measurement, the graphs of acceleration versus time on the x-axis and y-axis for both MPU6050s are in opposite areas of the graph, while the graphs of z-axis acceleration versus time for both sensors are in the same area. It can be seen from these three graphs that the built-in MPU6050 and the MPU6050 of GY-521 are operating normally due to no extreme data occurred during the balanced conditions.

Table 4 Acceleration of Two MPU6050s when Motor Speed is 20RPM
	Time (s)
	Acceleration of Built-In MPU6050

(m/s2)
	Acceleration of GY-521 MPU6050

(m/s2)

	
	X-axis
	Y-axis
	Z-axis
	X-axis
	Y-axis
	Z-axis

	2
	-1.85
	0.48
	-8.98
	0.39
	-0.03
	-9.67

	4
	-1.80
	0.98
	-9.79
	0.92
	-0.23
	-9.37

	6
	-1.09
	0.30
	-10.18
	1.13
	0.06
	-9.66

	8
	-1.56
	-0.80
	-9.77
	0.56
	-0.37
	-9.72

	10
	-0.19
	1.12
	-11.39
	0.10
	0.06
	-9.51

	12
	-1.36
	-0.08
	-8.98
	0.97
	0.17
	-9.62

	14
	-1.58
	0.21
	-9.27
	0.57
	-0.20
	-9.63

	16
	-1.58
	-1.19
	-10.31
	1.57
	-0.16
	-9.24

	18
	-1.67
	-0.04
	-9.65
	1.16
	0.02
	-9.30
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Figure 16 Acceleration in X-axis versus Time when 20RPM motor speed
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Figure 17 Acceleration in Y-axis versus Time when 20RPM motor speed
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Figure 18 Acceleration in Z-axis versus Time when 20RPM motor speed

	It can be clearly seen from the graphs of acceleration versus time for each axis in Figure 16, Figure 17 and Figure 18 that when the motor speed is set to 20RPM, the built- in MPU6050 is more sensitive to machinery vibration than the GY-521 MPU6050.

Table 5 Acceleration of Two MPU6050s when Motor Speed is 30RPM
	Time (s)
	Acceleration of Built-In MPU6050

(m/s2)
	Acceleration of GY-521 MPU6050

(m/s2)

	
	X-axis
	Y-axis
	Z-axis
	X-axis
	Y-axis
	Z-axis

	2
	-1.19
	0.17
	-8.82
	2.04
	-0.63
	-9.86

	4
	-1.54
	-0.45
	-9.25
	1.24
	-0.49
	-9.23

	6
	-0.59
	-2.75
	-8.39
	2.29
	0.19
	-9.79

	8
	-1.64
	1.57
	-11.70
	2.29
	0.19
	-9.79

	10
	-0.57
	-0.43
	-10.44
	1.54
	-0.36
	-9.91

	12
	-1.94
	-1.48
	-9.29
	1.00
	-0.72
	-9.01

	14
	-1.20
	3.75
	-9.92
	2.40
	0.19
	-9.17

	16
	-0.55
	2.67
	-8.44
	1.15
	0.17
	-9.01

	18
	-1.33
	-0.09
	-11.47
	0.31
	0.41
	-9.65
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Figure 19 Acceleration in X-axis versus Time when 30RPM motor speed
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Figure 20 Acceleration in Y-axis versus Time when 30RPM motor speed
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Figure 21 Acceleration in Z-axis versus Time when 30RPM motor speed

From the graphs of acceleration versus time for each axis in Figure 19, Figure 20 and Figure 21, it also can be clearly seen that when the motor speed is set to 30RPM, the built-in MPU6050 is more sensitive to machinery vibration than the GY-521 MPU6050.

In summary, the graphs in this section prove that the built-in MPU6050 and the GY- 521 MPU6050 can be used for vibration analysis due to the absence of extreme data under the balanced condition simulated by the machinery fault simulator. This part also proves that the built-in MPU6050 is more sensitive to vibration as compared to the GY-521 MPU6050 when increasing the motor speed to 20RPM and 30RPM.

3.1.2 Under Unbalanced Condition

As shown in Figure 22, the machinery fault simulator creates unbalanced conditions when there are three bolts and nuts on the rotor. The data was collected when the motor speed was set at 10RPM, 20RPM and 30RPM respectively. Data from the Blynk dashboard is also recorded by the computer's screen recorder. The results in this section are form in tabular form and graphical form for data analysis.

[image: ]
Figure 22 Rotor with three bolts and nuts




Table 6  Acceleration of Two MPU6050s when Motor Speed is 10RPM
	Time (s)
	Acceleration of Built-In MPU6050

(m/s2)
	Acceleration of GY-521 MPU6050

(m/s2)

	
	X-axis
	Y-axis
	Z-axis
	X-axis
	Y-axis
	Z-axis

	2
	-0.76
	0.53
	-9.30
	0.31
	-0.58
	-9.58

	4
	-0.55
	0.38
	-9.40
	0.53
	-0.29
	-9.69

	6
	-0.72
	0.91
	-9.41
	0.63
	0.16
	-9.36

	8
	-0.36
	-0.74
	-9.08
	1.40
	-0.50
	-9.55

	10
	-0.78
	0.26
	-9.21
	0.40
	-0.50
	-9.55

	12
	-0.94
	-0.34
	-9.57
	1.70
	0.52
	-9.61

	14
	-0.11
	1.51
	-8.76
	0.37
	-0.26
	-9.60

	16
	-0.83
	-0.06
	-9.22
	1.08
	0.61
	-9.33

	18
	-0.64
	-0.54
	-9.21
	0.20
	-0.24
	-9.44
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Figure 23 Acceleration in X-axis versus Time when 10RPM motor speed
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Figure 24 Acceleration in Y-axis versus Time when 10RPM motor speed
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Figure 25 Acceleration in Z-axis versus Time when 10RPM motor speed

Table 7 Acceleration of Two MPU6050s when Motor Speed is 20RPM
	Time (s)
	Acceleration of Built-In MPU6050

(m/s2)
	Acceleration of GY-521 MPU6050

(m/s2)

	
	X-axis
	Y-axis
	Z-axis
	X-axis
	Y-axis
	Z-axis

	2
	-1.22
	-0.16
	-10.61
	1.04
	-0.03
	-10.03

	4
	-0.57
	0.06
	-9.95
	1.48
	-0.49
	-9.05

	6
	0.06
	-0.57
	-9.36
	1.65
	0.02
	-9.86

	8
	-0.76
	0.52
	-8.53
	0.50
	0.02
	-9.24

	10
	-0.14
	-0.84
	-9.83
	1.21
	0.56
	-9.90

	12
	-1.24
	1.54
	-9.17
	1.16
	0.34
	-9.83

	14
	-0.27
	-0.24
	-9.32
	1.46
	-0.56
	-9.10

	16
	-0.94
	0.45
	-10.09
	1.66
	-0.24
	-9.01

	18
	0.38
	-0.30
	-9.89
	0.56
	-0.13
	-10.12
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Figure 26 Acceleration in X-axis versus Time when 20RPM motor speed
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Figure 27 Acceleration in Y-axis versus Time when 20RPM motor speed
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Figure 28 Acceleration in Z-axis versus Time when 20RPM motor speed

Table 8 Acceleration of Two MPU6050s when Motor Speed is 30RPM
	Time (s)
	Acceleration of Built-In MPU6050

(m/s2)
	Acceleration of GY-521 MPU6050

(m/s2)

	
	X-axis
	Y-axis
	Z-axis
	X-axis
	Y-axis
	Z-axis

	2
	0.06
	1.73
	-9.15
	1.81
	-0.36
	-9.99

	4
	1.39
	-5.44
	-9.74
	3.43
	1.75
	-9.94

	6
	0.09
	0.46
	-5.99
	0.28
	0.10
	-9.74

	8
	-1.21
	-0.39
	-9.74
	3.25
	-1.33
	-8.75

	10
	-0.10
	-3.46
	-9.81
	1.19
	0.00
	-10.12

	12
	-0.58
	6.91
	-14.81
	0.93
	-1.72
	-9.20

	14
	-0.93
	-1.65
	-9.13
	1.73
	0.66
	-7.47

	16
	1.62
	-0.90
	-7.70
	1.88
	-1.01
	-9.92

	18
	-0.54
	4.60
	-9.46
	2.44
	1.23
	-9.93
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Figure 29 Acceleration in X-axis versus Time when 30RPM motor speed
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Figure 30 Acceleration in Y-axis versus Time when 30RPM motor speed
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Figure 31 Acceleration in Z-axis versus Time when 30RPM motor speed


4. Discussion 

In this section, data comparison under balanced and unbalanced conditions will be performed. The purpose of this section is to prove that the integrated low-cost vibration monitoring system of this project can be used for industrial vibration analysis. In the figures below, the graph on the left is the data under balanced conditions and the graph on the right is the data under unbalanced conditions. Both horizontally and vertically phase shifted induced by vibration components are also likely in an unbalanced system[8].


Figure 32 Acceleration versus Time when motor speed is 10RPM


Figure 33  Acceleration versus Time when motor speed is 20RPM


Figure 34   Acceleration versus Time when motor speed is 30RPM

In the Figure 32, Figure 33 and Figure 34, there are the graphs of acceleration versus time. It can be clearly seen that the difference between the trend points in the unbalanced condition is higher than the balanced condition in the x-axis, y-axis and z-axis. Accordingly, it also shows that the higher the motor speed, the more pronounced the difference between the trend points under balanced and unbalanced conditions[7]. 	In a machine where there is an imbalance problem we will find an increase in the vibration amplitude in radial measurements, while axial vibration measurements may remain low[9]. Therefore, the data comparison in this section proves that the integrated low-cost vibration monitoring system of this project can be used for industrial vibration analysis.

5. Conclusion 

	As a conclusion, through the verification of the results, a wireless integrated low cost vibration monitoring system was successfully constructed, which means that the system has achieved the objectives. This vibration monitoring system is able to send data to Blynk software through wifi connection, and the data in Blynk is stored in Blynk IoT cloud, the study demonstrates the feasibility of implementing IoT architecture for monitoring machine conditions. 
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#define BLYNK TEMPLATE ID "TMPLk6gtMrVH"

fdefine BLYNK_DEVICE_NAME "MPU60S0 test™

fdefine BLYNK_AUTH_TOKEN "YwsHOLZV_Cc-QNwg9tRIUSWIGYORHT42"
fdefine BLYNK_PRINT Serial
finclude <WiFi.h>

finclude <WiFiClient.h>
finclude <BlynkSimpleEsp32.h>
char auth[] = BLYNK_AUTH_TOKE
char ssid[] = "NETGEAR"
char pass[] = "";

finclude <Adafruit MPUE050.h>




image10.png
#define BLYNK TEMPLATE ID "TMPLk6gtMrVH"

fdefine BLYNK_DEVICE_NAME "MPU60S0 test™

fdefine BLYNK_AUTH_TOKEN "YwsHOLZV_Cc-QNwg9tRIUSWIGYORHT42"
fdefine BLYNK_PRINT Serial
finclude <WiFi.h>

finclude <WiFiClient.h>
finclude <BlynkSimpleEsp32.h>
char auth[] = BLYNK_AUTH_TOKE
char ssid[] = "NETGEAR"
char pass[] = "";

finclude <Adafruit MPUE050.h>




image9.emf

image11.png
void Getmpu() {

sensors_event_t a, g, temp;

mpu.getEvent (ca, &g, Gtemp);

Blynk.virtualWirite (V0,a.acceleration.x) ;
Blynk.virtualWrite (V1,a.acceleration.y) ;
Blynk.virtualWrite (v2,a.acceleration.z) ;
Blynk.virtualWirite (V6, temp. temperature) ;

void Getmpul () {

sensors_event_t a, g, temp;

mpul.getEvent (sa, &g, ttemp);

Blynk.virtualWrite (v3,a.acceleration.x) ;
Blynk.virtualWrite (vV4,a.acceleration.y) ;
Blynk.virtualWrite (VS,a.acceleration.z) ;
Blynk.virtualWirite (V7, temp. temperature) ;
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sensors_event_t a, g, temp;

mpul.getEvent (sa, &g, ttemp);

Blynk.virtualWrite (v3,a.acceleration.x) ;
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Blynk.virtualWirite (V7, temp. temperature) ;




image12.jpeg
MPUG050 test

info

Metadta  Datastreams

Q serch e

Aasbaton X

craton.Y

skraton 2

ax

v

Y

Tenpensre

Tenpesne2

Events

Automations

askont

J—

-

ax

ar

2z

Tompeatce

Tempeiae2

Web Dashboard

Habile Dashboard

g

P

w

w

w

w

w

Dwalpe v

(™

Doue

Doie

Douie

Doie

Doie

[

Doube

o

b

b

b

b

b

e

™

e

™ Drcmts
0 e
0 e
" e
0 -
0 ™
" -

" -

D




image15.jpeg
MPUG050 test

info

Metadta  Datastreams

Q serch e

Aasbaton X

craton.Y

skraton 2

ax

v

Y

Tenpensre

Tenpesne2

Events

Automations

askont

J—

-

ax

ar

2z

Tompeatce

Tempeiae2

Web Dashboard

Habile Dashboard

g

P

w

w

w

w

w

Dwalpe v

(™

Doue

Doie

Douie

Doie

Doie

[

Doube

o

b

b

b

b

b

e

™

e

™ Drcmts
0 e
0 e
" e
0 -
0 ™
" -

" -

D




image13.jpeg
'MPUBOSO test oo |

S Devicerame
e @ Eowtn By
o | e

© ==

C B
. : : ) )
@ { \ \
moge o @ e o 2101 )
webpagemagevutoo)





image17.jpeg
'MPUBOSO test oo |

S Devicerame
e @ Eowtn By
o | e

© ==

C B
. : : ) )
@ { \ \
moge o @ e o 2101 )
webpagemagevutoo)





image14.emf

image16.jpeg
0 xo

MPUBOSO test o~
© 2 0umSiar B yapm s
]

o
Duboud Tieloe Desienlo Hetdets ActonsLog &
Y —
[ R T T
*
i) i) vl v e wimir)
31 046 ‘ 1] ‘ s ‘ a7 ‘ 8
0 0 ! I : s y
f—— T2 Kb

(3244




image20.jpeg
0 xo

MPUBOSO test o~
© 2 0umSiar B yapm s
]

o
Duboud Tieloe Desienlo Hetdets ActonsLog &
Y —
[ R T T
*
i) i) vl v e wimir)
31 046 ‘ 1] ‘ s ‘ a7 ‘ 8
0 0 ! I : s y
f—— T2 Kb

(3244




image17.png
15

05

15

10

Time, s

12

14

16 18
—e— Builtin MPU60SO

—8— GY-521 MPU6050

20




image18.png
15

0s

Time, 5

%= BuiltInMPUSDSD

—o— G501 AP SN




image19.png
—e—BuiltinMPLEOSD
—e— GY.52L PLSSD

——

Time, 5

El




image20.png
15

Time, 5




image21.png
15

0s

Time, 5

—e— BuiltinMPUEDSD

o~ Gv-s21 WPUBDS0

El




image22.png
n

Time, 5

2

1

B 1

—e—BuiltinMPUSDSD
—e—Gv521 MPUBDSD

E




image23.png
—e— Built-InMPUSDSD
—e— GV-521 MPUBDSO

Time, 5




image24.png
Time, 5

—

—e- G52

11

Usos0




image25.png
n

2

14

1

15

15

El




image26.png




image27.png
15

0s

E

—e— BuiltinMPUSDSD

as —e—Gv521 MPLBDSD
Time, 5




image28.png
15

0s

Time, 5

—

—e- G52

11

Usos0




image29.png
—e— BuiltinMPUEDSD

—o— G501 P SN

et ey

Time, 5

El




image30.png
15

Time, 5

E




image31.png
15

0s

Time, 5

—

—e- G52

11

Usos0




image32.png
n

Time, 5

2

1

B 1

—e— Built-inPLE0SO

—8— -5t wapl A

El




image33.png
Time, 5

—e— BLiltinMPUEDSD
—e— G521 WPUBDSO

El




image34.png
—
—e-GV52

11

»

Usos0




image35.png
n

2

1

B 1

—e— Built-inMPUSDSD
——

Gv-521 MPUBDS0

El




image36.jpeg
X-axis
T e e omom ow_gowe
P
: v
. hd % . [De—
‘__\//_4—»\,__. ——
i Py »
C i+ ¢ 4w @ omos o wow T O
T4 U
gt PUS0 s G152 MU
BEMERIIR 7-axis
= S S . ey




image41.jpeg
X-axis
T e e omom ow_gowe
P
: v
. hd % . [De—
‘__\//_4—»\,__. ——
i Py »
C i+ ¢ 4w @ omos o wow T O
T4 U
gt PUS0 s G152 MU
BEMERIIR 7-axis
= S S . ey




image37.jpeg




image43.jpeg




image38.jpeg
\/\/\ ol
i

vs s‘
M i.

#
i
s ;





image45.jpeg
\/\/\ ol
i

vs s‘
M i.

#
i
s ;





image1.png
© sketch.may23s | Arduino 1819 -0
e st St Toos Help

ARDUINO L

Preparing boards.




