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 This research proposes an internet of things (IoT) and long range (LoRa)-

based bridge slope status monitoring and warning system that is wireless, 

low-cost, and user-friendly, with continuous data sent. Bridge inspection 

officers can easily obtain bridge slope data via a web browser on a cell 

phone. The design uses Arduino integrated development environment (IDE) 

software and an ITGMPU accelerometer sensors, TTGO ESP32, cellphones, 

successfully identified tilt angle variations from 0.11° to 15.2° were the 

research's outputs, and and they were continuously transmitted to the bridge 

inspection officer's mobile phone. Measurements of throughput, quality of 

service (Packet loss), and latency characteristics have been made to assess 

the internet network's performance. The network system performance 

statistics show an average measured network delay of 1.2 mseconds, a 

throughput of 85 bps, and a Packet loss of 0%. Consequently, the system 

performs well and the internet network performance falls into the very good 

range. 
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1. INTRODUCTION 

Bridges play a crucial function in reducing travel distances in land transportation. 

Indonesia is made up of islands connected by bridges, as well as rivers that need flyovers and 

bridges. Even though the infrastructure is designed to last for a very long time, damage to bridge 

structures typically develops at an uncontrollable rate. Excessive variations in a bridge's slope 

might cause damage to the structure. In order to allow for logical action to be made regarding the 

bridge, bridge inspection officials constantly visit and evaluate the bridge's condition. The issue is 

that because bridges are dispersed so far, it takes thousands of kilometers to reach a bridge for 

monitoring. By overcoming this and creating a bridge slope early detection system, data may be 

quickly accessed through a mobile device. Through the use of a web browser, the bridge slope 

early detection system continuously transmits data remotely to the officer's mobile phone. This is 

important to know since you can calculate the angle change using this tool. 

The system makes use of a message queuing (MQTT) computer network or internet 

network, long range (LoRa) and the internet of things (IoT). Telemetry transport as data 

transmission to mobile phones with this method, inspection officials can do so quickly and 

affordably without having to travel to the bridge's location. The performance of the internet 

https://creativecommons.org/licenses/by-sa/4.0/
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network, including throughput, quality of service (Packet loss), and latency characteristics, is 

monitored to assess the network's quality. Investigate the creation of a system that combines 

accelerometer sensors with LoRa and IoT technologies to detect a bridge's slope initially. To 

monitor vibrations, an accelerometer sensor is mounted on the bridge body [1], and computing the 

bridge's vertical deflection [2]. The three measurement axes of the MMA7361L accelerometer 

sensor type are the x, y, and z axes. The aim of this accelerometer is to measure an object's 

acceleration in gravitational units (g). 

Radio is a wireless or wireless communication system. This technology is not limited by 

cable length. Radio is a simple communication medium with long distance reach, the function of 

radio media is to spread messages, information, music in all directions over long distances and 

then be received by radio receivers. Radio transmits with electromagnetic waves, through a 

modulation process where the information signal is combined with the carrier signal. Radio can be 

used to store and transmit digital information or data, broadcast radio transmitters only transmit in 

one direction, the LoRa system itself has a transmitter and receiver. LoRa is a radio system that is 

frequency modulated, with a frequency band of 433-868 MHz, 915-923 MHz, for the Asian area 

the frequency used is around 923-925 MHz. LoRa technology uses low power, its range reaches 15 

km in remote areas, this technology is good for transmitting small data, namely around 10-20 

bytes. The bridge slope change detection system was built using the LoRa radio network. 

The bridge tilt detection system was created using an IoT-connected accelerometer 

sensor. IoT is the internet of everything, an internet network connected to a sensor system, which 

functions to transmit sensor detection data. IoT is the most advanced technology and its 

implementation continues to develop in various fields. IoT has a significant impact on every facet 

of contemporary culture [3], the application of wearable IoT devices is becoming more advanced, 

increasingly widespread, starting from social networking, payments, and navigation, to health 

monitoring [4], applying accelerometers with IoT devices to earthquake detection [5], reading 

sensors and sending data for warnings before a disaster occurs [6]. The slope of the building and 

physical structure was observed using a data acquisition system utilizing the ADXL335 

accelerometer sensor [7]. Accelerometer sensor instrumentation system, signal conditioning, with 

ATmega 32 microcontroller [8]. To analyze the strength of the bridge using an accelerometer 

(ADXL345) as a vibration sensor [9]. Accelerometers are devices that are widely used to 

determine bridge vibrations [10], [11]. Control all nodes via the IEEE 802.11 wireless network, 

easily and sample deviations, vibrations due to load and water level [12]. The use of a single 

microelectromechanical systems (MEMS) accelerometer, namely the MMA7361L, for the tilt 

sensor [13]. Wireless communication and IoT transmission are powerful extensive cognitive 

processing and highly effective capabilities in the field of bridge inspection [14]. 

This research will measure the throughput, delay, packet loss parameters, which previous 

research used the MMA7361L accelerometer sensor is connected to Zigbee 802.15 [15]. 

Automatic distance and slope measurement system using an IoT-based microcontroller [16], [17]. 

IoT MEMS accelerometer for translational measurements of motion line actuators and vibrations 

of Great rotating machines [18]. Accelerometer to detect jerks on the bridge, vibration sensor to 

detect vibrations that occur on the  

bridge [19]. IoT technology and sensors in identifying cracks in bridge structures and building a 

bridge structure health monitoring system [20]. The radio frequency identification (RFID), real 

time control (RTC) and liquid crystal display (LCD) interfacing modules are connected to the 

ESP32 microcontroller, and the IoT [21]. Wi-Fi module, ESP8266-12 for connecting to the system 

internet. The concept of publisher and subscriber is used for communication [22]. IoT using WiFi 

and MQTT can display blood pressure, blood flow, dialysate temperature, and conductivity of 

dialysate fluid [23]. LoRa technology is suitable for IoT application scenarios to transmit small 

amounts of data over long distances and to transmit data with low power consumption [24], [25]. 

Based on the reference, it is very interesting to realize the accelerometer, LoRa and IoT sensor 

system by building a LoRa and IoT based bridge tilt detection system. 

 

 

2. RESEARCH METHOD 

The development of an early slope detection system can aid in bridge monitoring and 

maintenance, preventing further damage and extending the bridge's life. The gadgets are divided 

into two groups: hardware (which includes an ESP32 microcontroller, an accelerometer sensor, an 

internet network, a laptop, and a smartphone) and software (which includes the Arduino integrated 
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development environment (IDE) program, windows 10 64-bit). Employees that check bridges 

utilize a laptop or smartphone with a web browser to access real-time data on bridge slope early 

detection. The accelerometer sensor sends a digital signal to the ESP32 microprocessor, which 

interprets changes in the bridge's slope as an angle. The ESP32 has a LoRa transmitter and 

receiver system that can send signals to an internet system or deliver data to the cloud. 

Utilizing an accelerometer, ESP32, LoRa, internet connection, and cellphone, the system 

was constructed. The internet is a computer network that is connected to each other via the internet 

protocol package (TCP/IP) so that it is connected throughout the world. IoT systems are devices 

that connect to the internet, collect data and perform actions or controls. System 

testing/experiments were carried out in the microprocessor laboratory of the telecommunications 

engineering study program, electrical engineering department, Ujung Pandang State Polytechnic. 

An accelerometer sensor that is integrated with the LoRa and IoT systems is utilized to detect 

changes in the inclination angle of the bridge. Figure 1 shows the design of this system. A bridge 

slope early detection model utilizing LoRa and IoT. 

 

Sensor 

Accelerometer

Bridge 

Slope

LoRa 

ESP32

IoT

ESP32 
Cellphone

Cloud

MQTT 

 

 

Figure 1. System model for early detection of bridge slope using LoRa and IoT 

 

The bridge tilt detection system uses an accelerometer sensor to read changes in deviation 

that occur, and data on electrical quantities, namely digital signals entering the ESP32 

microprocessor with Lora and IoT cloud received by the smartphone. The accelerometer sensor 

will detect changes in tilt angle, the data is sent to the ESP32 microprocessor transmitting data via 

radio communication, namely LoRa which consists of a transmitter and receiver, The transmitter 

then transmits to the internet network system, received by the cellphone. It is hoped that the 

system will function to detect changes in the angle of the bridge, be able to transmit data 

continuously, data will be received via the computer network by the inspection officer's cellphone 

properly. 

An accelerometer is a transducer that is capable of detecting acceleration and measuring 

vibrations to measure the Earth's gravitational acceleration. This is in accordance with the type and 

type of accelerometer sensor, namely the MPU 6050 accelerometer sensor with three measurement 

axes, namely the x-axis, y-axis and z-axis. Message exchange with the publish/subscribe model in 

MQTT is an alternative to the client-server model, where clients (publishers/subscribers) 

communicate directly with other endpoints on a topic through brokers whose job is to filter 

messages and distribute them [23]. IoT technology is a concept where objects can transmit data 

over a network without human-to-human or human-to-computer interaction. Internet of MEMS. 

The IoT is most closely related to machine-to-machine (M2M) communications. The ESP32 

microcontroller provides a standalone WiFi network solution in the form of a microcontroller 

bridge to the WiFi network. ESP32 uses a dual-core processor running on Xtensa LX16 [6] 

instructions. 

Building an early detection system for bridge tilt using LoRa and IoT. Research 

Instruments; specifications for device requirements are as follows: laptop, cellphone, 

accelerometer sensor, ESP32 microcontroller, power supply 5 Volt. Software: windows 10 64-bit 

operating system using Arduino IDE, MQTT lens. This research uses the ITGMPU accelerometer 

and the TTGO ESP 32 IoT strap which is equipped with the LoRa system.  

Measuring internet network performance, the parameters measured are throughput (bps), 

delay (seconds), packet loss. The quality of the network sent will be measured for the data sent, to 

determine the network's ability to provide better services, guaranteeing the level of network 

performance; throughput parameters are the effective data transfer speed, the total number of 

packet arrivals during the time interval in bits per second, Packet loss regulates the quality of data 

traffic services, overcomes packet loss and network delays. Throughput, Packet loss, and network 

delay are transmission process times that depend on the distance from the data origin to the data 

destination. This system measures on the slope of the bridge and measures that quality from 

network used. Obtaining network performance is important for determining the quality of internet 

network services, for identifying performance problems and network efficiency. 
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Figure 2 shows the steps to build this system. To make it easier to understand the process 

of this system, it can be seen in Figure. 2 which shows an overview of the process flow/steps of the 

bridge angle tilt detection system. From the first picture, start with the starting steps, the second is 

the declaration of tilt variables port, solid-state drive (SSD), password, cloud MQTT, the third step 

is network connection LoRa, the fourth step is the tilt detection process, the fifth step is sending 

data to the LoRa recipient, the sixth step is giving a 10 second delay , step seventh step receive 

data from LoRa delivery, eighth step internet network connection, ninth step send data to the 

cloud, tenth step receive data to the cloud, eleventh step display slope data, twelfth step detect 

again, end of the thirteenth step program stops. Figure 3 show bridge slope the initial detection 

system using LoRa and IoT. From Figure 3, this system is simply built using an ITGMPU type 

accelerometer and ESP32 type TTGO, IoT internet network. 

 

 
 

Figure 2. Bridge slope system flow chart for early detection using LoRA and IoT 
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Figure 3. Bridge slope the initial detection system using LoRa and IoT 

 

 

Figure 4 show data from measuring the bridge slope early detection system using LoRa 

and IoT. Figure 4 shows the bridge tilt angle detection data display on the inspection officer's 

cellphone. This system measures on the slope of the bridge and measures that quality from 

network used. 

 

 
 

Figure 4. Display data from the slope of the bridge detection system using LoRa and IoT 

 

 

3. RESULTS AND DISCUSSION 

The accelerometer system receives changes in the tilt angle of the bridge, the data will be 

forwarded to the ESP32 which has a LoRa system, LoRa will send the data to the LoRa receiver 

and then the LoRa receiver sends it to the IoT internet, which can be viewed using a web browser 

page on a smartphone. Data from early detection of bridge slope using accelerometer, IoT, LoRa 

sensors produces early detection of bridge slope of 0.11
o
 to 15.2

o
. The latest findings involve 

creating a low-cost tool by utilizing an ESP32 type TTGO microcontroller in conjunction with an 

accelerometer sensor. 

This system measures on the slope of the bridge and measures that quality from network 

used. To determine the quality of internet network services, delay parameters are measured. 
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Throughput, Packet loss, for identify network performance and efficiency. This research measures 

system performance, namely throughput of 85 bps, Packet loss 0% and delay of around 1.2 

mseconds. From the results obtained, the performance of the bridge slope early detection system 

has very good performance based on the standards issued by TIPHON. 

Data from measurements from the IoT and LoRa-based early detection system for bridge 

slopes obtained from the results of early detection of bridge slopes with throughput, Packet loss, 

system delay, in Table 1. This system provides benefits, namely the ease of obtaining data on 

changes in bridge slope quickly, continuously on mobile phones. Measuring throughput 

parameters, Packet loss, system delay, to determine the quality of the network used. The bridge 

angle tilt detection system can be implemented on the bridge. The data are shown in Table 1. 

 

 

Table 1. Measurement table for the bridge tilt early detection system with IoT and LoRa, as well as 

throughput, Packet loss, and delay 

Number of 

test 

Accelerometer sensor 

tilt angle (o)  

Throughput 

(bps) 

Packet loss 

(%) 

Delay  

(msecond) 

Category: throughput, 

Packet loss, latency 

1 0.11 89  0 1.12  Very good 

2 1.41 85  0 1.23  Very good 

3 13.7 85  0 1.24  Very good 

4 15.2 81  0 1.34  Very good 

 

 

4. CONCLUSION 

Based on the results of the research and discussion, it shows that the system with the 

ITGMPU accelerometer sensor, TTGO ESP 32, LoRa, IoT, cellphone, the system sends data 

continuously, accessed using a web browser page. The system functions well. The benefit is that it 

makes it easier to monitor the slope angle of the bridge on a smartphone. The bridge tilt angle 

detection system succeeded in identifying tilt angle variations of 0.11
o
 to 15.2

o
, which is the 

research output and continues to be sent to the bridge inspection officer's cell phone. The system 

for measuring internet network performance, the results obtained in this research were throughput 

of 85 bits per second, Packet loss of 0% and to measure network delay, an average delay of 1.2 

mseconds was obtained. The system has internet network performance in the very good category. 

This research can be developed by providing information on normal or dangerous conditions to 

bridge users. 
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 The aim of the research is to monitor vibrations on bridges connected to 

Long Range networks and the Internet of Things received on mobile phones. 

This system is efficient, low cost, easy to use and simple. It is important to 

monitor bridge vibrations for maintenance purposes. Building a system 

using Accelermeter sensors, ESP32 microprocessors, LoRa, IoT, cellphone. 

This system obtaining vibration  warning data on cellphones. The Lora 

system is used to address areas without an internet connection, Lora will 

send data to areas where an internet connection is available. The research 

results show that bridge vibration monitoring is functioning well, vibration 

alerts are obtained on cellphones, detected with a vibration value of 0.01 to 

0.29 g and internet network performance obtained for throughput parameters 

is around 90 bps, Packet loss 0%, Delay 1.2 mseconds. The internet network 

performance is in the very good category.  
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1. INTRODUCTION  

Bridges play a crucial function in reducing travel distances in land transportation. 

Indonesia is made up of islands connected by bridges, as well as rivers that need flyovers and 

bridges. Even though the infrastructure is designed to be strong enough to last for a long time, 

damage to bridge structures typically happens at an uncontrolled rate. A bridge will sustain 

damage if its slope fluctuates excessively. To enable logical action to be done on the bridge, bridge 

inspection personnel visit and evaluate the bridge's condition on a constant basis.  

 In response to these challenges, the integration of advanced technologies, such as the 

Internet of Things (IoT) and long-range, low-power communication (LoRa), into infrastructure 

development and monitoring systems emerges as a promising solution. Through the utilization of 

sensors and smart devices, these advanced technologies play a crucial role in obtaining, 

transmitting, retaining, and analyzing real-time data. This not only offers significant insights into 

the safety and state of bridges but also provides valuable information for, optimizing maintenance 

strategies, and enhancing the overall safety of transportation infrastructure . 

Numerous scholarly works have explored technologies related to this work. [1] has 

mentions the importance and explains the importance of Structural Health Monitoring System. 

Assessment of the health condition of an infrastructure is required to be carried out continuously 

without stopping so that rational action can be taken. Generating systems that enable the Real time 

https://creativecommons.org/licenses/by-sa/4.0/
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monitoring of bridges have been done by [2,3,4,5,6], by using sensors or sensor networks, with 

notifications using wireless cellular network and local notification by buzzer and LCD displays.  

One of the technologies that is seen as evolving the fastest is the Internet of Things (IoT). 

It has an effect on nearly every facet of contemporary life [7]. Various monitoring purposes in 

everyday life which implemented IoT has been discussed in [8,9,10,11]. A work on a system 

implementing IoT for seismic detection is presented in [12] and for smart parking is reported in 

[13]. In order to identify cracks in bridge structures, [14] examined the usefulness of IoT 

technology in practice and developed an IoT-based bridge structure health monitoring system. 

Numerous IoT system on bridge monitoring have also reported in [15,16,17].  

The research conducted by the authors is the development and application of previous 

research in various monitoring utilizing IoT, communications and sensors technologies. In the 

development and application of IoT technology, the authors utilize IoT with ESP32 connect to 

Cloud MQTT [18,19,20], accelerometer [21,22] sensors in MPU6050 sensor [23,24] for the  of 

vibration the bridge readings. LoRA point to point communication also applied to accommodate 

area which are not covered by the internet connection. Previously in [25] two LoRa-based systems 

for Structural Health Monitoring (SHM), which is to monitor the variation of inclination in the 

structure located in Italy, are presented. This research also equipped with LoRA to transmit sensor 

data of the bridge.  

The wind field will influence vibrations on bridges [26], while span bridges experience 

vibrations caused by vehicles crossing them [27]. Vibration sensors are of great interest in the field 

of monitoring the structural health of bridges [28], for vibration measurements carried out with 

accelerometer sensors [29], measuring structural vibrations is very important, to be utilized by 

bridge health monitoring and management services [30], [31]. creating a sensor system that 

measures vibrations that occur on bridges is very important, creating a low cost system, practical 

in operation. 

It is clear from the reviewed literature that a gap exists in terms of affordable systems that 

can be applied. To address this gap, this paper proposes a LoRa and IoT based bridge vibration 

detection systems.  The system‟s objective is to enhance existing solutions by providing a low-cost 

system to address issues associated with bridge safety and management. By using a sensor that is 

embedded at the bridge, the system aims to monitor the conditions of the bridge, which is the 

Vibration information of the bridge. The sensor readings are to be processed by the 

microcontroller ESP32 device. Moreover, the bridge Vibration status will be transmitted via LoRa 

and IoT to cloud MQTT. In addition, a mobile application will be developed to allow relevant 

technicians and engineers access to reports and alerts of the bridge‟s vibration status. Moreover, 

performance of the data transmission also have been observed. 

2. METHOD  

This study develops a vibration reading system for an IoT and LoRa-based bridge. There 

are two components to the Bridge vibration detecting system: software and hardware. The 

accelerometer sensor, ESP32 microcontroller, integrated LoRa, IoT Cloud internet network, 

smartphone, and laptop make up the hardware instrument. The Arduino IDE software is utilized. 

Using a laptop or smartphone web browser, one can access this system. The accelerometer sensor 

continuously transmits real-time monitoring data for bridge vibration detection to the cellphone's 

web browser. The data received by the LoRa transmitter and subsequently received by the LoRa 

receiver will be transmitted by the sensor as the first stage in sending data to the ESP32 Module, 

will transmit data received by the LoRa transmitter and then received by the LoRa receiver. The 

LoRa receiver system sends data to the Web application system, IoT network, bridge vibration 

data will be received by the cellphone. Research procedures on the model in Figure 1. System 

Long Range and Internet of Things Based Bridge Vibration.  

 

Sensor 

Accelerometer

Bridge 

Vibration
Lora ESP32

ESP32 Lora 

IoT
Cellphone

Cloud mqtt

 
 

Figure 1. System LoRa and IoT Based Bridge Vibration. 
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The process carried out by this system can be seen in Figure 2. Flow chart System LoRa 

and IoT Based Bridge Vibration. It is a Flow chat with the initial step of declaring vibration, after 

that the process continues with LoRa, and IoT Network variables, then Initiated LoRa Network, 

then Get Vibration value, transmitting vibration data by LoRa sender, given a delay value of 2 

seconds, continues with the LoRa Gateway get vibration data process, then publishes vibration 

data to the MQTT cloud, continues to subscribe data to the MQTT cloud, will show vibration data, 

then read the data again and finish, stop. 

 

Figure 2. Flow chart System LoRa and IoT Based Bridge Vibration. 

 

The practical implemented system, the accelerometer sensor will register the vibrations, 

send the data to the LoRa network, which will subsequently send it to the internet network so that 

Declaration of Vibration, LoRa and IoT Network variabel

START

Initiated LoRa Network 

Trasmitted Vibration Data by LoRa  

sender 

Read Data Again

STOP

Get Vibration Value

Delay 2 seconds

Subscribe data to the MQTT cloud

LoRa Gateway get Vibration Data 

Publish Vibration Data to MQTT 

Cloud

Show  Vibration Data
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cellphones may receive it. Figure 3. Bridge vibration using LoRa and IoT systems includes a 5 volt 

power supply, In the experimental implemented design system vibrasi bridge used a cellphone, an 

ESP32 LoRa, IoT and an accelerometer sensor. To run programs on this device, the Arduino IDE 

software is utilized. 

 

 

 

 
 

Figure 3. Bridge vibration using LoRa and IoT systems 

 

Figure 4. Show Bridge Vibration Based on LoRa and IoT. This is the display design of 

the data received by the cell phone. The system sends data continuously by displaying the bridge 

vibration measurement data on the cellphone. 

 

Figure 4. Show Bridge Vibration Based on LoRa and IoT. 

 

3. RESULTS AND DISCUSSION  

The accelerometer sensor is used in designing a vibration detection system with LoRa and 

IoT. After detecting the vibration, it is then sent to the ESP32 LoRa then the ESP32 IoT, 
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transmitted to the MQTT cloud, and received by the cellphone. The Arduino IDE software 

successfully processes this bridge vibration system, functions to complete data transmission, 

running sensors to detect bridge vibrations. This system is simple, cheap and easy to operate in 

measuring vibrations on bridges. The vibration measurement results obtained were 0.01 to 0.29 

Hz, this data is useful for bridge supervisors for routine bridge maintenance data. 

Measuring the performance of the internet network used is useful for developing the 

quality of the location's network. From measuring the throughput parameters, the result was 90 

bps, while the Packet loss was obtained at 0%, for a data delay of 1.2 seconds. Based on the data, 

the bridge vibration system has very good internet network performance according to the TIPHON 

criteria. 

The proposed system succeeded in displaying data vibrasi bridge on cellphone, and 

succeeded in measuring internet network performance for throughput, Packet loss, delay 

parameters.  Data on measurement results are available in table 1. The performance of bridge 

vibration systems. 

Table 1. The performance of bridge vibration systems. 
Bridge Vibration  

(g) 

Throughput  

(bps) 

Packet 

loss  

(%) 

Delay 

(second) 

Category: Throughput, 

Packet loss, Delay  

0,01 91  0  1,1  Very Good 

0,02 90  0  1,2  Very Good  

0,03 
0,29 

90  
90  

0  
0  

1,2  
1,3  

Very Good  
Very Good  

 

 

4. CONCLUSION  

The findings of this research include Lora and IoT-based bridge vibration detection, the 

benefits of continuous transmission of vibration data, low-cost system design, system efficiency 

that is easy to access, and the ability to send cellphone alerts regarding the severity of vibrations 

that occur on bridges. to overcome areas without internet, it uses (Tx LoRa and Rx LoRa) to 

communicate vibration data via a Long Distance radio network and then transfer it to the IoT 

internet network, LoRa operates in places without internet network availability. Building this 

system through design and production with ESP32 microprocessor, LoRa, IoT, and accelerometer 

sensors. The research findings show that bridge vibration monitoring is effective, vibration alerts 

can be received on cellphones, and vibrations can be detected using internet networks, and 

vibration values 0.01 to 0.29 g. Performance measured for throughput metrics is approximately 90 

bps, packet loss 0%, delay 1.2 mseconds. Internet network performance is very good. For further 

system development, it can be equipped with a positioning system so that the measurement 

coordinate points are obtained precisely. 
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Lampiran 4 Listing Program 

LoRa Receiver (Gateway IoT): 

/* 

 LoRa32Receiver_oled_mqtt  

*/ 

#include <WiFi.h> 

#include <PubSubClient.h> 

 

//Libraries for LoRa 

#include <SPI.h> 

#include <LoRa.h> 

 

//Libraries for OLED Display 

#include <Wire.h> 

#include <Adafruit_GFX.h> 

#include <Adafruit_SSD1306.h> 

 

//define the pins used by the LoRa transceiver module 

#define SCK 5 

#define MISO 19 

#define MOSI 27 

#define SS 18 

#define RST 23//14 

#define DIO0 26 

 

//433E6 for Asia 

//866E6 for Europe 

//915E6 for North America 

#define BAND 915E6 

 

//OLED pins 

#define OLED_SDA 21//4 

#define OLED_SCL 22//15  

#define OLED_RST 16 

#define SCREEN_WIDTH 128 // OLED display width, in pixels 

#define SCREEN_HEIGHT 64 // OLED display height, in pixels 

 

Adafruit_SSD1306 display(SCREEN_WIDTH, SCREEN_HEIGHT, &Wire, 

OLED_RST); 

 

String LoRaData; 

 

const char* ssid = "PNUP HOTSPOT"; 

const char* password = ""; 

const char* mqttServer = "broker.emqx.io"; 

//const char* mqtt_server = "broker.mqtt-dashboard.com"; 

int port = 1883; 
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String stMac; 

char mac[50]; 

char clientId[50]; 

 

long lastMsg = 0; 

char msg[50]; 

int value = 0; 

 

WiFiClient espClient; 

PubSubClient client(espClient); 

 

const int ledPin = 2; 

 

void setup() {  

  //initialize Serial Monitor 

  Serial.begin(115200); 

  pinMode(ledPin, OUTPUT); 

  //reset OLED display via software 

  pinMode(OLED_RST, OUTPUT); 

  digitalWrite(OLED_RST, LOW); 

  delay(20); 

  digitalWrite(OLED_RST, HIGH); 

   

  //initialize OLED 

  Wire.begin(OLED_SDA, OLED_SCL); 

  if(!display.begin(SSD1306_SWITCHCAPVCC, 0x3c, false, false)) { // Address 

0x3C for 128x32 

    Serial.println(F("SSD1306 allocation failed")); 

    for(;;); // Don't proceed, loop forever 

   

  } 

 

  display.clearDisplay(); 

  display.setTextColor(WHITE); 

  display.setTextSize(1); 

  display.setCursor(0,0); 

  display.print("LORA RECEIVER "); 

  display.display(); 

 

  Serial.println("LoRa Receiver Test"); 

   

  //SPI LoRa pins 

  SPI.begin(SCK, MISO, MOSI, SS); 

  //setup LoRa transceiver module 

  LoRa.setPins(SS, RST, DIO0); 

 

  if (!LoRa.begin(BAND)) { 

    Serial.println("Starting LoRa failed!"); 
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    while (1); 

  } 

  Serial.println("LoRa Initializing OK!"); 

  display.setCursor(0,10); 

  display.println("LoRa Initializing OK!"); 

  display.display();   

 

 randomSeed(analogRead(0)); 

 

  delay(10); 

  Serial.println(); 

  Serial.print("Connecting to "); 

  Serial.println(ssid); 

 

  wifiConnect(); 

 

  Serial.println(""); 

  Serial.println("WiFi connected"); 

  Serial.println("IP address: "); 

  Serial.println(WiFi.localIP()); 

  Serial.println(WiFi.macAddress()); 

  stMac = WiFi.macAddress(); 

  stMac.replace(":", "_"); 

  Serial.println(stMac); 

   

  client.setServer(mqttServer, port); 

  client.setCallback(callback); 

} 

 

void wifiConnect() { 

  WiFi.mode(WIFI_STA); 

  WiFi.begin(ssid, password); 

  while (WiFi.status() != WL_CONNECTED) { 

    delay(500); 

    Serial.print("."); 

  } 

} 

 

void mqttReconnect() { 

  while (!client.connected()) { 

    Serial.print("Attempting MQTT connection..."); 

    long r = random(1000); 

    sprintf(clientId, "clientId-%ld", r); 

    if (client.connect(clientId)) { 

      Serial.print(clientId); 

      Serial.println(" connected"); 

      client.subscribe("topicName/led"); 

    } else { 
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      Serial.print("failed, rc="); 

      Serial.print(client.state()); 

      Serial.println(" try again in 5 seconds"); 

      delay(5000); 

    } 

  } 

} 

 

void callback(char* topic, byte* message, unsigned int length) { 

  Serial.print("Message arrived on topic: "); 

  Serial.print(topic); 

  Serial.print(". Message: "); 

  String stMessage; 

   

  for (int i = 0; i < length; i++) { 

    Serial.print((char)message[i]); 

    stMessage += (char)message[i]; 

  } 

  Serial.println(); 

 

  if (String(topic) == "topicName/led") { 

    Serial.print("Changing output to "); 

    if(stMessage == "on"){ 

      Serial.println("on"); 

      digitalWrite(ledPin, HIGH); 

    } 

    else if(stMessage == "off"){ 

      Serial.println("off"); 

      digitalWrite(ledPin, LOW); 

    } 

  } 

} 

 

void loop() { 

 

  //try to parse packet 

  int packetSize = LoRa.parsePacket(); 

  if (packetSize) { 

    //received a packet 

    Serial.print("Received packet "); 

 

    //read packet 

    while (LoRa.available()) { 

      LoRaData = LoRa.readString(); 

      Serial.print(LoRaData); 

    } 

 

    //print RSSI of packet 
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    int rssi = LoRa.packetRssi(); 

    Serial.print(" with RSSI ");     

    Serial.println(rssi); 

 

   // Dsiplay information 

   display.clearDisplay(); 

   display.setCursor(0,0); 

   display.print("LORA RECEIVER"); 

   display.setCursor(0,20); 

   display.print("Received packet:"); 

   display.setCursor(0,30); 

   display.print(LoRaData); 

   display.setCursor(0,50); 

   display.print("RSSI:"); 

   display.setCursor(30,50); 

   display.print(rssi); 

   display.display();    

  } 

 

  delay(10); 

    if (!client.connected()) { 

    mqttReconnect(); 

  } 

  client.loop(); 

 

  long now = millis(); 

  if (now - lastMsg > 10000) { 

  //if (now - lastMsg > 2000) { 

    lastMsg = now; 

    //++value; 

    //snprintf (msg, 75, "hello world #%ld", value); 

    LoRaData.toCharArray(msg, LoRaData.length()+1); 

    Serial.print("Publish message: "); 

    Serial.println(msg); 

    client.publish("outTopicLora", msg); 

  } 

} 

 

Lora sender Jembatan 1: 

/* 

lora32Sender_oled_gy521_v3_1s_v2_J1   

*/ 

 

//Libraries for LoRa 

#include <SPI.h> 

#include <LoRa.h> 

 

//Libraries for OLED Display 
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#include <Wire.h> 

#include <Adafruit_MPU6050.h> 

#include <Adafruit_Sensor.h> 

//#include <MPU6050_light.h> 

#include <Adafruit_GFX.h> 

#include <Adafruit_SSD1306.h> 

 

//define the pins used by the LoRa transceiver module 

#define SCK 5 

#define MISO 19 

#define MOSI 27 

#define SS 18 

#define RST 23//14 

#define DIO0 26 

 

//433E6 for Asia 

//866E6 for Europe 

//915E6 for North America 

#define BAND 915E6 

 

//OLED pins 

#define OLED_SDA 21//4 

#define OLED_SCL 22//15  

#define OLED_RST 16 

#define SCREEN_WIDTH 128 // OLED display width, in pixels 

#define SCREEN_HEIGHT 64 // OLED display height, in pixels 

 

Adafruit_MPU6050 mpu; 

//packet counter 

int counter = 0; 

float x=0; 

float v=0; 

 

Adafruit_SSD1306 display(SCREEN_WIDTH, SCREEN_HEIGHT, &Wire, 

OLED_RST); 

 

void setup() { 

  //initialize Serial Monitor 

  Serial.begin(115200); 

   

  //reset OLED display via software 

  pinMode(OLED_RST, OUTPUT); 

  digitalWrite(OLED_RST, LOW); 

  delay(20); 

  digitalWrite(OLED_RST, HIGH); 

 

  //initialize OLED 

  Wire.begin(OLED_SDA, OLED_SCL); 
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  if(!display.begin(SSD1306_SWITCHCAPVCC, 0x3c, false, false)) { // Address 

0x3C for 128x32 

    Serial.println(F("SSD1306 allocation failed")); 

    for(;;); // Don't proceed, loop forever 

  } 

   

  display.clearDisplay(); 

  display.setTextColor(WHITE); 

  display.setTextSize(1); 

  display.setCursor(0,0); 

  display.print("LORA SENDER "); 

  display.display(); 

   

  Serial.println("LoRa Sender Test"); 

 

  //SPI LoRa pins 

  SPI.begin(SCK, MISO, MOSI, SS); 

  //setup LoRa transceiver module 

  LoRa.setPins(SS, RST, DIO0); 

   

  if (!LoRa.begin(BAND)) { 

    Serial.println("Starting LoRa failed!"); 

    while (1); 

  } 

  Serial.println("LoRa Initializing OK!"); 

  display.setCursor(0,10); 

  display.print("LoRa Initializing OK!"); 

  display.display(); 

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; 
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  case MPU6050_RANGE_4_G: 

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

    break; 

  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"); 

    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; 
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  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); 

  x=constrain ((a.acceleration.y*90/9.78), -90, 90); 

  Serial.print("x: "); 

  Serial.println(x); 

  v=sqrt(sq(g.gyro.x) + sq(g.gyro.y) + sq(g.gyro.z)); 

  Serial.print("v: "); 

  Serial.println(v); 

   

  //Serial.println(constrain ((a.acceleration.y*90/9.78), -90, 90)); 

 

   

  //Serial.print("Sending packet: "); 

  //Serial.println(counter); 

 

  //Send LoRa packet to receiver 

  LoRa.beginPacket(); 

  //LoRa.print("hello "); 

  //LoRa.print(counter); 

  LoRa.print("J1 Miring: "); 

  LoRa.print(x); 

  LoRa.print(", Getar: "); 

  LoRa.print(v); 

  LoRa.endPacket(); 

   

  display.clearDisplay(); 

  display.setCursor(0,0); 

  display.println("LORA SENDER"); 

  display.setCursor(0,20); 

  display.setTextSize(1); 

  display.print("LoRa packet sent."); 

  display.setCursor(0,30); 

  display.print("J1 Miring:"); 

  display.setCursor(50,30); 

  display.print(x);   

  display.setCursor(0,40); 

  display.print("Getar:"); 
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  display.setCursor(50,40); 

  display.print(v);           

  display.display(); 

 

  //counter++; 

   

  //delay(10000); 

  delay(1100); 

} 

 

LoRa Sender Jembatan 2: 

/* 

lora32Sender_oled_gy521_v3_1s_v2_J2 

*/ 

 

//Libraries for LoRa 

#include <SPI.h> 

#include <LoRa.h> 

 

//Libraries for OLED Display 

#include <Wire.h> 

#include <Adafruit_MPU6050.h> 

#include <Adafruit_Sensor.h> 

//#include <MPU6050_light.h> 

#include <Adafruit_GFX.h> 

#include <Adafruit_SSD1306.h> 

 

//define the pins used by the LoRa transceiver module 

#define SCK 5 

#define MISO 19 

#define MOSI 27 

#define SS 18 

#define RST 23//14 

#define DIO0 26 

 

//433E6 for Asia 

//866E6 for Europe 

//915E6 for North America 

#define BAND 915E6 

 

//OLED pins 

#define OLED_SDA 21//4 

#define OLED_SCL 22//15  

#define OLED_RST 16 

#define SCREEN_WIDTH 128 // OLED display width, in pixels 

#define SCREEN_HEIGHT 64 // OLED display height, in pixels 

 

Adafruit_MPU6050 mpu; 
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//packet counter 

int counter = 0; 

float x=0; 

float v=0; 

 

Adafruit_SSD1306 display(SCREEN_WIDTH, SCREEN_HEIGHT, &Wire, 

OLED_RST); 

 

void setup() { 

  //initialize Serial Monitor 

  Serial.begin(115200); 

   

  //reset OLED display via software 

  pinMode(OLED_RST, OUTPUT); 

  digitalWrite(OLED_RST, LOW); 

  delay(20); 

  digitalWrite(OLED_RST, HIGH); 

 

  //initialize OLED 

  Wire.begin(OLED_SDA, OLED_SCL); 

  if(!display.begin(SSD1306_SWITCHCAPVCC, 0x3c, false, false)) { // Address 

0x3C for 128x32 

    Serial.println(F("SSD1306 allocation failed")); 

    for(;;); // Don't proceed, loop forever 

  } 

   

  display.clearDisplay(); 

  display.setTextColor(WHITE); 

  display.setTextSize(1); 

  display.setCursor(0,0); 

  display.print("LORA SENDER "); 

  display.display(); 

   

  Serial.println("LoRa Sender Test"); 

 

  //SPI LoRa pins 

  SPI.begin(SCK, MISO, MOSI, SS); 

  //setup LoRa transceiver module 

  LoRa.setPins(SS, RST, DIO0); 

   

  if (!LoRa.begin(BAND)) { 

    Serial.println("Starting LoRa failed!"); 

    while (1); 

  } 

  Serial.println("LoRa Initializing OK!"); 

  display.setCursor(0,10); 

  display.print("LoRa Initializing OK!"); 

  display.display(); 
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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; 

  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); 
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  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"); 

    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); 

  x=constrain ((a.acceleration.y*90/9.78), -90, 90); 

  Serial.print("x: "); 

  Serial.println(x); 

  v=sqrt(sq(g.gyro.x) + sq(g.gyro.y) + sq(g.gyro.z)); 

  Serial.print("v: "); 

  Serial.println(v); 

   

  //Serial.println(constrain ((a.acceleration.y*90/9.78), -90, 90)); 

 

   

  //Serial.print("Sending packet: "); 

  //Serial.println(counter); 

 

  //Send LoRa packet to receiver 

  LoRa.beginPacket(); 
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  //LoRa.print("hello "); 

  //LoRa.print(counter); 

  LoRa.print("J2 Miring: "); 

  LoRa.print(x); 

  LoRa.print(", Getar: "); 

  LoRa.print(v); 

  LoRa.endPacket(); 

   

  display.clearDisplay(); 

  display.setCursor(0,0); 

  display.println("LORA SENDER"); 

  display.setCursor(0,20); 

  display.setTextSize(1); 

  display.print("LoRa packet sent."); 

  display.setCursor(0,30); 

  display.print("J2 Miring:"); 

  display.setCursor(50,30); 

  display.print(x);   

  display.setCursor(0,40); 

  display.print("Getar:"); 

  display.setCursor(50,40); 

  display.print(v);           

  display.display(); 

 

  //counter++; 

   

  //delay(10000); 

  delay(1200); 

} 

 

Lora sender jembatan 3: 

/* 

lora32Sender_oled_gy521_v3_1s_v2_J3 

*/ 

 

//Libraries for LoRa 

#include <SPI.h> 

#include <LoRa.h> 

 

//Libraries for OLED Display 

#include <Wire.h> 

#include <Adafruit_MPU6050.h> 

#include <Adafruit_Sensor.h> 

//#include <MPU6050_light.h> 

#include <Adafruit_GFX.h> 

#include <Adafruit_SSD1306.h> 

//define the pins used by the LoRa transceiver module 

#define SCK 5 
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#define MISO 19 

#define MOSI 27 

#define SS 18 

#define RST 23//14 

#define DIO0 26 

 

//433E6 for Asia 

//866E6 for Europe 

//915E6 for North America 

#define BAND 915E6 

 

//OLED pins 

#define OLED_SDA 21//4 

#define OLED_SCL 22//15  

#define OLED_RST 16 

#define SCREEN_WIDTH 128 // OLED display width, in pixels 

#define SCREEN_HEIGHT 64 // OLED display height, in pixels 

 

Adafruit_MPU6050 mpu; 

//packet counter 

int counter = 0; 

float x=0; 

float v=0; 

 

Adafruit_SSD1306 display(SCREEN_WIDTH, SCREEN_HEIGHT, &Wire, 

OLED_RST); 

 

void setup() { 

  //initialize Serial Monitor 

  Serial.begin(115200); 

   

  //reset OLED display via software 

  pinMode(OLED_RST, OUTPUT); 

  digitalWrite(OLED_RST, LOW); 

  delay(20); 

  digitalWrite(OLED_RST, HIGH); 

 

  //initialize OLED 

  Wire.begin(OLED_SDA, OLED_SCL); 

  if(!display.begin(SSD1306_SWITCHCAPVCC, 0x3c, false, false)) { // Address 

0x3C for 128x32 

    Serial.println(F("SSD1306 allocation failed")); 

    for(;;); // Don't proceed, loop forever 

  } 

   

  display.clearDisplay(); 

  display.setTextColor(WHITE); 

  display.setTextSize(1); 
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  display.setCursor(0,0); 

  display.print("LORA SENDER "); 

  display.display(); 

   

  Serial.println("LoRa Sender Test"); 

 

  //SPI LoRa pins 

  SPI.begin(SCK, MISO, MOSI, SS); 

  //setup LoRa transceiver module 

  LoRa.setPins(SS, RST, DIO0); 

   

  if (!LoRa.begin(BAND)) { 

    Serial.println("Starting LoRa failed!"); 

    while (1); 

  } 

  Serial.println("LoRa Initializing OK!"); 

  display.setCursor(0,10); 

  display.print("LoRa Initializing OK!"); 

  display.display(); 

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; 

  case MPU6050_RANGE_8_G: 

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

    break; 

  case MPU6050_RANGE_16_G: 

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

    break; 



148 

  

  } 

  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"); 

    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); 

} 
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void loop() { 

    

  sensors_event_t a, g, temp; 

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

  x=constrain ((a.acceleration.y*90/9.78), -90, 90); 

  Serial.print("x: "); 

  Serial.println(x); 

  v=sqrt(sq(g.gyro.x) + sq(g.gyro.y) + sq(g.gyro.z)); 

  Serial.print("v: "); 

  Serial.println(v); 

   

  //Serial.println(constrain ((a.acceleration.y*90/9.78), -90, 90)); 

 

   

  //Serial.print("Sending packet: "); 

  //Serial.println(counter); 

 

  //Send LoRa packet to receiver 

  LoRa.beginPacket(); 

  //LoRa.print("hello "); 

  //LoRa.print(counter); 

  LoRa.print("J3 Miring: "); 

  LoRa.print(x); 

  LoRa.print(", Getar: "); 

  LoRa.print(v); 

  LoRa.endPacket(); 

   

  display.clearDisplay(); 

  display.setCursor(0,0); 

  display.println("LORA SENDER"); 

  display.setCursor(0,20); 

  display.setTextSize(1); 

  display.print("LoRa packet sent."); 

  display.setCursor(0,30); 

  display.print("J3 Miring:"); 

  display.setCursor(50,30); 

  display.print(x);   

  display.setCursor(0,40); 

  display.print("Getar:"); 

  display.setCursor(50,40); 

  display.print(v);           

  display.display(); 

 

  //counter++; 

   

  //delay(10000); 

  delay(1300); 

} 
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Lampiran 5 Data sheet MPU6050 
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Lampiran 6 Data sheet MQTT 
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Lampiran 7 Data sheet ESP 32 LoRa dan IoT 

Wi-Fi  
• 802.11b/g/n • 802.11n (2.4 GHz), up to 150 Mbps • WMM • TX/RX A-MPDU, 

RX A-MSDU • Immediate Block ACK • Defragmentation • Automatic Beacon 

monitoring (hardware TSF) • Four virtual Wi-Fi interfaces • Simultaneous support 

for Infrastructure Station, SoftAP, and Promiscuous modes Note that when ESP32 

is in Station mode, performing a scan, the SoftAP channel will be changed. • 

Antenna diversity  

Bluetooth®  
• Compliant with Bluetooth v4.2 BR/EDR and Bluetooth LE specifications • 

Class-1, class-2 and class-3 transmitter without external power amplifier • 

Enhanced Power Control • +9 dBm transmitting power • NZIF receiver with –94 

dBm Bluetooth LE sensitivity • Adaptive Frequency Hopping (AFH) • Standard 

HCI based on SDIO/SPI/UART • High-speed UART HCI, up to 4 Mbps • 

Bluetooth 4.2 BR/EDR and Bluetooth LE dual mode contro• Synchronous 

Connection-Oriented/Extended (SCO/eSCO) • CVSD and SBC for audio codec • 

Bluetooth Piconet and Scatternet • Multi-connections in Classic Bluetooth and 

Bluetooth LE • Simultaneous advertising and scanning  

CPU and Memory  

• Xtensa® single-/dual-core 32-bit LX6 microprocessor(s) • CoreMark® score: – 

1 core at 240 MHz: 504.85 CoreMark; 2.10 CoreMark/MHz• 448 KB ROM • 520 

KB SRAM • 16 KB SRAM in RTC • QSPI supports multiple flash/SRAM chips  

Clocks and Timers  

• Internal 8 MHz oscillator with calibration • Internal RC oscillator with 

calibration • External 2 MHz ~ 60 MHz crystal oscillator (40 MHz only for Wi-

Fi/Bluetooth functionality) • External 32 kHz crystal oscillator for RTC with 

calibration • Two timer groups, including 2 × 64-bit timers and 1 × main 

watchdog in each group • One RTC timer • RTC watchdog  

Advanced Peripheral Interfaces  

• 34 programmable GPIOs – Five strapping GPIOs – Six input-only GPIOs – Six 

GPIOs needed for in-package flash/PSRAM (ESP32-D0WDR2-V3, ESP32-

U4WDH) • 12-bit SAR ADC up to 18 channels • Two 8-bit DAC • 10 touch 

sensors • Four SPI interfaces• Two I2S interfaces • Two I2C interfaces • Three 

UART interfaces • One host (SD/eMMC/SDIO) • One slave (SDIO/SPI) • 

Ethernet MAC interface with dedicated DMA and IEEE 1588 support • TWAI®, 

compatible with ISO 11898-1 (CAN Specification 2.0) • RMT (TX/RX) • Motor 

PWM • LED PWM up to 16 channels 

Power Management  

• Fine-resolution power control through a selection of clock frequency, duty cycle, 

Wi-Fi operating modes, and individual power control of internal components • 

Five power modes designed for typical scenarios: Active, Modem-sleep, Light-

sleep, Deep-sleep, Hibernation • Power consumption in Deep-sleep mode is 10 

µA • Ultra-Low-Power (ULP) coprocessors • RTC memory remains powered on 

in Deep-sleep mode Security • Secure boot • Flash encryption • 1024-bit OTP, up 

to 768-bit for customers • Cryptographic hardware acceleration: – AES – Hash 

(SHA-2) – RSA – ECC – Random Number Generator (RNG) 

LoRa 
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Working voltage: 1.8~3.7v 

Acceptable current: 10~14mA 

Transmit current: 120mA@+20dBm 

90mA@+17dBm 

29mA@+13dBm 

Operating frequency: 433/868/915MHz 

Transmit power: +20dBm 

Receive sensitivity: -139dBm@LoRa &62.5Khz&SF=12&146bps 

-136dBm@LoRa &125Khz&SF=12&293bps 

-118dBm@LoRa &125Khz&SF=6&9380bps 

-123dBm@FSK&5Khz&1.2Kbps 

Frequency error: +/-15KHz 

FIFO space: 64Byte 

Data rate: 1.2K~300Kbps@FSK 

0.018K~37.5Kbps@LoRa 

Modulation Mode: FSK,GFSK,MSK,GMSK,LoRa TM，OOK 

Interface form: SPI 

Operating temperature: -40℃- +85℃ 

 

Digital RSSI function 
 

Automatic frequency correction 

Automatic gain control 

Fast wake-up and frequency hopping 

Highly configurable data packet handler 

SMA Antenna 

IP5306 
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Lampiran 8 Data Wireshark 
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