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PROTOTIPE ALAT PENDETEKSI PENCURIAN LISTRIK 

BERBASIS LORA DENGAN METODE SUM OF ABSOLUTE 

DIFFERENCE (SAD) 

Oleh : 

 

ZAHRA ARI MAULIDA 

30121048 

Pencurian listrik merupakan permasalahan yang umum terjadi dibanyak 

negara, termasuk Indonesia. Pencurian listrik bisa terjadi diberbagai tempat, seperti 

di rumah, gedung perkantoran, fasilitas industri, dan lain sebagainya. Pencurian 

listrik dapat berdampak negatif bagi pemilik instalasi listrik dan mengakibatkan 

kerugian finansial yang signifikan. 

Terdapat sebuah alat untuk menghindari bahkan mengurangi pencurian 

listrik dengan menggunakan sistem monitoring yang akan tersampaikan melalui 

web. Alat ini akan dipasangkan dimeteran pelanggan untuk memonitor jumlah 

pemakaian Listrik melalui web based. Data yang dimonitor berupa grafik yang 

menunjukkan ada atau tidaknya indikasi pencurian Listrik dengan membandingkan 

data konsumsi pada pelanggan dengan data jumlah listrik yang disalurkan oleh 

gardu penyalur. 

Pada peneliti ini menggunakan sensor arus tegangan PZEM 004-T dan 

mikrokontroller Arduino uno dengan modul LoRa sebagai komunikasi jarak jauh. 

Juga dilengkapi modul LoRa dan NodeMCU Esp 8266 sebagai modul wifi yang 

datanya akan ditampilkan melalui web. 

Kata kunci : Pencurian Listrik, Mikrokontroler ESP8266, PZEM 004-T, LoRa 
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ABSTRACT 

 

 

PROTOTYPE OF LORA-BASED ELECTRICAL THEFT DETECTION 

DEVICE WITH SUM OF ABSOLUTE DIFFERENCE METHOD 

(SAD) 

By : 

 

ZAHRA ARI MAULIDA 

30121048 

 
Electricity theft is a common problem in many countries, including Indonesia. 

Electricity theft can occur in various places, such as in homes, office buildings, industrial 

facilities, and so on. Theft of electricity can negatively impact owners of electrical 

installations and result in significant financial losses. 

There is a tool to avoid and even reduce electricity theft by using a monitoring 

system that will be delivered via the web. This tool will be installed on the customer's meter 

to monitor the amount of electricity consumption through web based. The monitored data 

is in the form of graphs that show whether or not there are indications of electricity theft 

by comparing consumption data on customers with data on the amount of electricity 

distributed by distribution substations. 

This researcher uses a PZEM 004-T voltage current sensor and an Arduino uno 

microcontroller with a LoRa module as long-distance communication. Also equipped with 

LoRa module and Microcontroller Esp 8266 as wifi module whose data will be displayed 

via the web. 

 

Keywords: Electricity Theft, Microcontroler ESP8266, PZEM 004-T, LoRa 
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LAMPIRAN 

 

 

LAMPIRAN A Standard Operational Procedure (SOP) 

 

 

“PROTOTIPE ALAT PENDETEKSI PENCURIAN LISTRIK BERBASIS 

LORA DENGAN METODE SUM OF ABSOLUTE DIFFERENCE (SAD)” 

 
Oleh: 

ZAHRA ARI MAULIDA 

NIT. 30121048 

 

Standard Operational Procedure (SOP) dalam pengoperasian alat adalah 

panduan yang merinci mengenai langkah-langkah yang harus diikuti untuk 

menggunakan alat dengan benar dan aman. SOP ini mencakup instruksi rinci 

tentang cara menghidupkan dan mematikan alat. Dimana dengan menggunakan 

Standar Operational Procedure (SOP) yang telah dibuat bertujuan untuk menjaga 

alat Proyek Akhir terhindar dari kerusakan atau salah prosedur, setiap pengguna alat 

akan mengikuti prosedur yang sama, sehingga dapat menjamin konsistensi dan 

akurasi hasil. Para pengguna harus memahami dan mengikuti SOP ini dengan 

cermat untuk memastikan operasi yang aman, efisien, dan tepat sesuai dengan 

tujuan penggunaan alat tersebut. 

Berikut merupakan Standar Operational Procedure (SOP) untuk 

menghidupkan dan mematikan alat Proyek Akhir dengan judul “Prototipe Alat 

Pendeteksi Pencurian Listrik Berbasis Lora dengan Metode Sum of Absolute 

Difference (SAD)” sebagai berikut: 

1. Mengoperasikan Alat Sesuai dengan SOP 

a. Sambungkan kabel power untuk menghidupkan power supply 5V dan 

sambungkan juga kabel untuk menghidupkan ESP8266 dan LCD. 

b. Pastikan semua komponen dapat menyala sesuai fungsinya masing- 

masing. 

c. Kemudian nyalakan hotspot sehingga nantinya dapat termonitoring 
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oleh LCD untuk menampilkan data sensor PZEM 004T, AC712, dan 

juga ZMPT101B untuk memantau kondisi arus, tegangan, dan daya 

yang akan termonitoring pada aplikasi android. 

d. Jika alat sudah siap untuk digunakan, maka alat akan bekerja sesuai apa 

yang telah diperintahkan, kemudian hasil pengukuran dapat secara 

langsung termonitoring pada LCD dan aplikasi Ethief Detector secara 

real-time. 

2. Mematikan Alat Sesuai SOP 

a. Matikan hotspot untuk memutus koneksi antara alat dan program yang 

telah tersetting, serta memutuskan pemantauan pada aplikasi. 

b. Kemudian lepas kabel power dan kabel micro usb untuk memutuskan 

aliran listrik yang menuju komponen. 

c. Setelah semua langkah telah dilakukan, maka alat sudah aman dan alat 

akan mati tidak bekerj 
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LAMPIRAN B Dokumentasi Alat 

 

 

Gambar pengujian alat 
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LAMPIRAN C Program Koding Alat 

 

 
#include <Arduino.h> 

 
/*==================LoRa============================================ 

==================================================================== 

====================================== 

* 

*/ 

#include <SPI.h> // include libraries 

#include <LoRa.h> 

 
#define LORA_MOSI_Pin 11 

#define LORA_MISO_Pin 12 

#define LORA_SCK_Pin 13 

 
#define CS_Pin 10 // LoRa radio chip select 

#define RESET_Pin 9 // LoRa radio reset 

#define IRQ_Pin 3 // change for your board; must be a 

hardware interrupt pin 

 
String outgoing; // outgoing message 

String LoRa_incoming;  // incoming message 

 
uint8_t msgCount = 0; // count of outgoing messages 

const uint8_t client1Address = 0xAA; // address of this device 

const uint8_t client2Address = 0xAB; // address of another 

device 

const uint8_t masterAddress = 0xFF; // destination to send to 

int incomingAddress = 0; 

long lastSendTime = 0; // last send time 

const int interval = 2500; // interval between sends 

bool LoRa_updateState = false; 

 
void LoRa_setup(void); 

void LoRa_txMode(void); 

void LoRa_rxMode(void); 

void LoRa_sendMessage(String message); 

void LoRa_onReceive(int packetSize); 

void LoRa_onTxDone(void); 

void LoRa_parsingData(void); 

/*==================Oled 

Display============================================================= 
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==================================================================== 

===================== 

* 

*/ 

#include <Wire.h> 

#include <U8x8lib.h> 

 
#define I2C_SCL_Pin 21 

#define I2C_SDA_Pin 20 

 
U8X8_SSD1306_128X64_NONAME_HW_I2C u8x8(/* reset=*/ U8X8_PIN_NONE); 

 
const int OLED_refreshPeriod = 2000; 

unsigned long OLED_millis = 0; 

 
void OLED_setup(void); 

void OLED_print(void); 

/*==================ESP8266========================================= 

==================================================================== 

========================================= 

* 

*/ 

#include <SoftwareSerial.h> 

 
#define SER1_TX_Pin 18 

#define SER1_RX_Pin 19 

 
const int ESP_streamPeriod = 4000; 

unsigned long ESP_millis = 0; 

SoftwareSerial SoftSerial(SER1_RX_Pin, SER1_TX_Pin); 

void Serial_setup(void); 

void ESP_setupStream(void); 

void ESP_stream(void); 

/*==================RS485 PZEM-014 

Sensor============================================================== 

==================================================================== 

==================== 

RegAddr Description Resolution 

0x0000 Voltage value 1LSB correspond to 0.1V 

0x0001 Current value low 16 bits 1LSB correspond to 0.001A 

0x0002 Current value high 16 bits 

0x0003 Power value low 16 bits 1LSB correspond to 0.1W 

0x0004 Power value high 16 bits 
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0x0005 Energy value low 16 bits 1LSB correspond to 1Wh 

0x0006 Energy value high 16 bits 

0x0007 Frequency value 1LSB correspond to 0.1Hz 

0x0008 Power factor value 1LSB correspond to 0.01 

0x0009 Alarm status 0xFFFF is alarm，0x0000is not alarm 

*/ 

#include <ModbusMaster.h> 

 
#define SER2_TX_Pin 16 

#define SER2_RX_Pin 17 

 
// SoftwareSerial pzemSerial(10,11); //rx, tx 

ModbusMaster node; 

static uint8_t pzemSlaveAddr = 0x01; 

 
float voltage = 0; 

float current = 0; 

float power = 0; 

 
const int PZEM_refreshPeriod = 3000; 

unsigned long PZEM_millis = 0; 

 
void PZEM_setup(void); 

void PZEM_readData(void); 

void PZEM_resetEnergy(uint8_t slaveAddr); 

void PZEM_changeAddress(uint8_t OldslaveAddr, uint8_t NewslaveAddr); 

/*==================Relay=========================================== 

==================================================================== 

======================================= 

* 

*/ 

#define RELAY_Pin 25 

#define ON HIGH 

#define OFF LOW 

 
bool relayState = 1; 

 
void RELAY_setup(void); 

void RELAY_write(bool); 

 
/*==================System and 

SAD================================================================= 

==================================================================== 

================= 
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* 

*/ 

#include <movingAvg.h> 

 
movingAvg master_Power(10); // define the moving 

average object 

movingAvg client1_Power(10); // define the moving 

average object 

movingAvg client2_Power(10); // define the moving 

average object 

 
int SAD_array[10][2] = { 

//master power , client1 + client2 power 

{0,0}, 

{0,0}, 

{0,0}, 

{0,0}, 

{0,0}, 

{0,0}, 

{0,0}, 

{0,0}, 

{0,0}, 

{0,0} 

}; 

 
const unsigned long SAD_refreshPeriod = 180000; 

unsigned long SAD_millis = 0; 

const int SAD_maxTolerance = 1000; 

 
float master_Current = 0; 

float master_Voltage = 0; 

float master_freq = 50.0f; 

int master_power = 0; 

bool master_relayState = ON; 

 
float client1_Current = 0; 

float client1_Voltage = 0; 

float client1_freq = 50.0f; 

int client1_power = 0; 

bool client1_relayState = ON; 

 
float client2_Current = 0; 

float client2_Voltage = 0; 

float client2_freq = 50.0f; 

int client2_power = 0; 
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bool client2_relayState = ON; 

 
const float MASTER_MAX_CURRENT = 5.0f; 

const float CLIENT1_MAX_CURRENT = 2.0f; 

const float CLIENT2_MAX_CURRENT = 2.0f; 

const float TOLERANT_ERROR_CURRENT = 0.5f; 

 
unsigned long startTime; 

const unsigned long timeout = 300000; // Timeout 5 menit dalam 

milidetik 

bool timeoutState = false; 

void SAD_calculation(void); 

void setup() { 

// put your setup code here, to run once: 

Serial_setup(); 

ESP_setupStream(); 

PZEM_setup(); 

OLED_setup(); 

LoRa_setup(); 

RELAY_setup(); 

RELAY_write(relayState); 

delay(2000); 

 
u8x8.drawString(2, 0, "SAD SYSTEM"); 

u8x8.drawString(3, 0, " GARDU "); 

delay(3000); 

u8x8.clearDisplay(); 

} 

 
void loop() { 

// put your main code here, to run repeatedly: 

int packetSize = LoRa.parsePacket(); 

if (packetSize) { 

LoRa_incoming = ""; 

while (LoRa.available()) { 

LoRa_incoming = LoRa.readString(); 

} 

Serial.println("Gateway Receive: "); 

LoRa_updateState = true; 

} 

PZEM_readData(); 

// parse for a packet 

LoRa_parsingData(); 
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SAD_calculation(); 

OLED_print(); 

RELAY_write(relayState); 

ESP_stream(); 

delay(1); 

} 

 
void Serial_setup(void){ 

// Open serial communications and wait for port to open: 

Serial.begin(115200); 

Serial.println("Hello Master"); 

} 

void ESP_setupStream(void){ 

SoftSerial.begin(115200); 

SoftSerial.println("Hello Streamer"); 

Serial.println("Software Serial Init Success ..."); 

} 

void ESP_stream(void){ 

if(millis() - ESP_millis >= ESP_streamPeriod){ 

ESP_millis = millis(); 

 
Serial.print(F("stream send: ")); 

Serial.print(F("/")); Serial.print(master_Voltage, 2); 

Serial.print(F("/")); Serial.print(master_Current, 2); 

Serial.print(F("/")); Serial.print(master_freq); 

Serial.print(F("/")); Serial.print(master_relayState); 

Serial.print(F("/1/")); Serial.print(client1_Voltage, 2); 

Serial.print(F("/")); Serial.print(client1_Current, 2); 

Serial.print(F("/")); Serial.print(client1_freq); 

Serial.print(F("/")); Serial.print(client1_relayState); 

Serial.print(F("/")); Serial.print(client2_Voltage, 2); 

Serial.print(F("/")); Serial.print(client2_Current, 2); 

Serial.print(F("/")); Serial.print(client2_freq); 

Serial.print(F("/")); Serial.print(client2_relayState); 

Serial.println(); 

 
SoftSerial.begin(115200); 

delay(10); 

SoftSerial.print(F("/")); SoftSerial.print(master_Voltage, 2); 

SoftSerial.print(F("/")); SoftSerial.print(master_Current, 2); 

SoftSerial.print(F("/")); SoftSerial.print(master_freq); 

SoftSerial.print(F("/")); SoftSerial.print(master_relayState); 

SoftSerial.print(F("/1/")); SoftSerial.print(client1_Voltage, 

2); SoftSerial.print(F("/")); SoftSerial.print(client1_Current, 2); 
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SoftSerial.print(F("/")); SoftSerial.print(client1_freq); 

SoftSerial.print(F("/")); SoftSerial.print(client1_relayState); 

SoftSerial.print(F("/")); SoftSerial.print(client2_Voltage, 2); 

SoftSerial.print(F("/")); SoftSerial.print(client2_Current, 2); 

SoftSerial.print(F("/")); SoftSerial.print(client2_freq); 

SoftSerial.print(F("/")); SoftSerial.print(client2_relayState); 

SoftSerial.end(); 

} 

} 

void LoRa_setup(void){ 

// override the default CS, reset, and IRQ pins (optional) 

SPI.begin(); 

// LoRa.setPins(CS_Pin, RESET_Pin, IRQ_Pin);// set CS, reset, IRQ 

pin 

if (!LoRa.begin(433E6)) { // initialize ratio at 915 

MHz 

Serial.println("LoRa init failed. Check your connections."); 

while (true); // if failed, do nothing 

} 

Serial.println("LoRa init succeeded ..."); 

 
// LoRa.onReceive(LoRa_onReceive); 

// LoRa.onTxDone(LoRa_onTxDone); 

LoRa_rxMode(); 

} 

void LoRa_rxMode(){ 

LoRa.disableInvertIQ(); // normal mode 

LoRa.receive(); // set receive mode 

} 

void LoRa_txMode(){ 

LoRa.idle(); // set standby mode 

LoRa.enableInvertIQ(); // active invert I and Q 

signals 

} 

void LoRa_sendMessage(String message) { 

LoRa_txMode(); // set tx mode 

LoRa.beginPacket(); // start packet 

LoRa.print(message); // add payload 

LoRa.endPacket(true); // finish packet and send it 

} 

void LoRa_onReceive(int packetSize) { 

String message = ""; 

 
while (LoRa.available()) { 

message = LoRa.readString(); 
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} 

 
Serial.println("Gateway Receive: "); 

// Serial.println(message); 

 
// String receiveMessage = LoRa_incoming; 

String dataStr; 

int firstBracket = message.indexOf('/'); 

int secondBracket = message.indexOf('/' , firstBracket+1); 

int thirdBracket = message.indexOf('/' , secondBracket+1); 

int fourthBracket = message.indexOf('/' , thirdBracket+1); 

int fifthBracket = message.indexOf('/' , fourthBracket+1); 

 
dataStr = message.substring(firstBracket + 1, secondBracket); 

int recipient = dataStr.toInt();  // recipient address 

dataStr = message.substring(secondBracket + 1, thirdBracket); 

int sender = dataStr.toInt(); // sender address 

 
if(sender == client1Address && recipient == masterAddress){ 

dataStr = message.substring(thirdBracket + 1, fourthBracket); 

client1_Voltage = dataStr.toInt(); 

 
dataStr = message.substring(fourthBracket + 1, fifthBracket); 

client1_Current = dataStr.toInt()/1000.0; 

 
// Serial.print("client1:"); 

// Serial.print(client1_Voltage); Serial.print("\t"); 

// Serial.println(client1_Current); 

} 

if(sender == client2Address && recipient == masterAddress){ 

dataStr = message.substring(thirdBracket + 1, fourthBracket); 

client2_Voltage = dataStr.toInt(); 

 
dataStr = message.substring(fourthBracket + 1, fifthBracket); 

client2_Current = dataStr.toInt()/1000.0; 

 
// Serial.print("client2:"); 

// Serial.print(client2_Voltage); Serial.print("\t"); 

// Serial.println(client2_Current); 

} 

} 

void LoRa_onTxDone() { 

// Serial.println("TxDone"); 

LoRa_rxMode(); 

} 
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void LoRa_parsingData(void){ 

if(LoRa_updateState){ 

LoRa_updateState = false; 

 
String receiveMessage = LoRa_incoming; 

String dataStr; 

uint8_t firstBracket = receiveMessage.indexOf('/'); 

uint8_t secondBracket = receiveMessage.indexOf('/' , 

firstBracket+1); 

uint8_t thirdBracket = receiveMessage.indexOf('/' , 

secondBracket+1); 

uint8_t fourthBracket = receiveMessage.indexOf('/' , 

thirdBracket+1); 

uint8_t fifthBracket = receiveMessage.indexOf('/' , 

fourthBracket+1); 

 
dataStr = receiveMessage.substring(firstBracket + 1, 

secondBracket); 

uint8_t recipient = dataStr.toInt(); // recipient 

address 

dataStr = receiveMessage.substring(secondBracket + 1, 

thirdBracket); 

uint8_t sender = dataStr.toInt(); // sender address 

 
if(sender == client1Address && recipient == masterAddress){ 

dataStr = receiveMessage.substring(thirdBracket + 1, 

fourthBracket); 

client1_Voltage = dataStr.toInt(); 

 
dataStr = receiveMessage.substring(fourthBracket + 1, 

fifthBracket); 

client1_Current = dataStr.toInt()/1000.0; 

 
Serial.print("client1: "); 

Serial.print(client1_Voltage); Serial.print("\t"); 

Serial.println(client1_Current); 

} 

if(sender == client2Address && recipient == masterAddress){ 

dataStr = receiveMessage.substring(thirdBracket + 1, 

fourthBracket); 

client2_Voltage = dataStr.toInt(); 

 
dataStr = receiveMessage.substring(fourthBracket + 1, 

fifthBracket); 

client2_Current = dataStr.toInt()/1000.0; 
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Serial.print("client2: "); 

Serial.print(client2_Voltage); Serial.print("\t"); 

Serial.println(client2_Current); 

} 

} 

} 

void OLED_setup(void){ 

// Setup the OLED display. 

delay(250); // wait for the OLED to power up 

u8x8.begin(); 

u8x8.setPowerSave(0); 

u8x8.setFont(u8x8_font_chroma48medium8_r); 

Serial.println("OLED Init success ..."); 

} 

void OLED_print(void){ 

if(millis() - OLED_millis >= OLED_refreshPeriod){ 

OLED_millis = millis(); 

 
// Update display. 

char bufPrint[50]; 

char bufVolt[10]; 

char bufCurrent[10]; 

char bufPower[10]; 

u8x8.clearDisplay(); 

u8x8.drawString(3, 0, "MONITORING"); 

memset(bufVolt, 0, sizeof(bufVolt)); dtostrf(voltage, 3, 0, 

bufVolt); 

memset(bufPrint, 0, sizeof(bufPrint)); sprintf(bufPrint,"V %5s 

V", bufVolt); 

u8x8.drawString(2, 2, bufPrint); 

 
memset(bufCurrent, 0, sizeof(bufCurrent)); dtostrf(current, 3, 

1, bufCurrent); 

memset(bufPrint, 0, sizeof(bufPrint)); sprintf(bufPrint,"C %5s 

A", bufCurrent); 

u8x8.drawString(2, 3, bufPrint); 

 
memset(bufPower, 0, sizeof(bufPower)); dtostrf(power, 3, 0, 

bufPower); 

memset(bufPrint, 0, sizeof(bufPrint)); sprintf(bufPrint,"P %5s 

W", bufPower); 

u8x8.drawString(2, 4, bufPrint); 
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memset(bufPrint, 0, sizeof(bufPrint)); 

sprintf(bufPrint,"S %3s", relayState ? " ON" : "OFF"); 

u8x8.drawString(2, 5, bufPrint); 

} 

} 

void RELAY_setup(void){ 

pinMode(RELAY_Pin, OUTPUT); 

RELAY_write(OFF); 

Serial.println("Relay init succeeded ..."); 

} 

void RELAY_write(bool state){ 

digitalWrite(RELAY_Pin, state); 

} 

void PZEM_setup(void){ 

Serial2.begin(9600); 

Serial.println("Serial 2 Init Success ..."); 

 
node.begin(pzemSlaveAddr, Serial2); 

PZEM_resetEnergy(pzemSlaveAddr); 

} 

void PZEM_readData(void){ 

if(millis() - PZEM_millis >= PZEM_refreshPeriod){ 

PZEM_millis = millis(); 

 
Serial2.begin(9600); 

// node.begin(pzemSlaveAddr, Serial2); 

// PZEM_resetEnergy(pzemSlaveAddr); 

 
uint8_t result; 

result = node.readInputRegisters(0x0000, 9); //read the 9 

registers of the PZEM-014 / 016 

if (result == node.ku8MBSuccess){ 

float _voltage = node.getResponseBuffer(0x0000) / 10.0; 

uint32_t tempdouble = 0x00000000; 

float _power; 

tempdouble |= node.getResponseBuffer(0x0003); //LowByte 

tempdouble |= node.getResponseBuffer(0x0004) << 8; //highByte 

_power = tempdouble / 10.0; 
 

 
float _current; 

tempdouble = node.getResponseBuffer(0x0001); //LowByte 
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tempdouble |= node.getResponseBuffer(0x0002) << 8; //highByte 

_current = tempdouble / 1000.0; 

 
uint16_t _energy; 

tempdouble = node.getResponseBuffer(0x0005); //LowByte 

tempdouble |= node.getResponseBuffer(0x0006) << 8; //highByte 

_energy = tempdouble; 

 
voltage = _voltage; 

current = _current; 

power = _power; 

master_power = power; 

master_Current = current; 

master_Voltage = voltage; 

 
// Serial.print(voltage); 

// Serial.print("V "); 

 
// Serial.print(current); 

// Serial.print("A "); 

 
// Serial.print(power); 

// Serial.print("W "); 

 
// Serial.print(node.getResponseBuffer(0x0008)); 

// Serial.print("pf "); 

 
// Serial.print(energy); 

// Serial.print("Wh "); 

// Serial.println(); 

 
} else { 

Serial.println("Failed to read modbus"); 

} 

 
Serial2.end(); 

} 

} 

void PZEM_resetEnergy(uint8_t slaveAddr){ 

//The command to reset the slave's energy is (total 4 bytes): 

//Slave address + 0x42 + CRC check high byte + CRC check low byte. 

uint16_t u16CRC = 0xFFFF; 

static uint8_t resetCommand = 0x42; 

u16CRC = crc16_update(u16CRC, slaveAddr); 

u16CRC = crc16_update(u16CRC, resetCommand); 



C-13 

 

 

 
Serial.println("Resetting Energy"); 

Serial2.write(slaveAddr); 

Serial2.write(resetCommand); 

Serial2.write(lowByte(u16CRC)); 

Serial2.write(highByte(u16CRC)); 

delay(1000); 

} 

void PZEM_changeAddress(uint8_t OldslaveAddr, uint8_t NewslaveAddr) 

{ 

static uint8_t SlaveParameter = 0x06; 

static uint16_t registerAddress = 0x0002; // Register address to 

be changed 

uint16_t u16CRC = 0xFFFF; 

u16CRC = crc16_update(u16CRC, OldslaveAddr); 

u16CRC = crc16_update(u16CRC, SlaveParameter); 

u16CRC = crc16_update(u16CRC, highByte(registerAddress)); 

u16CRC = crc16_update(u16CRC, lowByte(registerAddress)); 

u16CRC = crc16_update(u16CRC, highByte(NewslaveAddr)); 

u16CRC = crc16_update(u16CRC, lowByte(NewslaveAddr)); 

 
Serial.println("Changing Slave Address"); 

 
Serial2.write(OldslaveAddr); 

Serial2.write(SlaveParameter); 

Serial2.write(highByte(registerAddress)); 

Serial2.write(lowByte(registerAddress)); 

Serial2.write(highByte(NewslaveAddr)); 

Serial2.write(lowByte(NewslaveAddr)); 

Serial2.write(lowByte(u16CRC)); 

Serial2.write(highByte(u16CRC)); 

delay(1000); 

} 

void SAD_calculation(void){ 

relayState = master_relayState; 

 
client1_power = client1_Current * client1_Voltage; 

client2_power = client2_Current * client2_Voltage; 

// int avg_master_Power = master_Power.reading(master_power); 

// int avg_client1_Power = client1_Power.reading(client1_power); 

// int avg_client2_Power = client2_Power.reading(client2_power); 

 
if(((millis() - SAD_millis) >= SAD_refreshPeriod) && relayState){ 

SAD_millis = millis(); 
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// Asumsikan elemen terakhir akan dihapus atau diganti dengan 

nilai baru 

for (int i = 10 - 1; i > 0; i--) { 

SAD_array[i][0] = SAD_array[i - 1][0]; // Geser elemen ke 

posisi berikutnya 

SAD_array[i][1] = SAD_array[i - 1][1]; // Geser elemen ke 

posisi berikutnya 

} 

 
// Setelah loop, Anda bisa menetapkan nilai baru ke arr[0] jika 

diperlukan 

SAD_array[0][0] = master_power; 

SAD_array[0][1] = client1_power + client2_power; 

 
for (int i=0; i<10; i++){ 

Serial.print(SAD_array[i][0]); Serial.print("\t"); 

Serial.println(SAD_array[i][1]); 

} 

 
int sadValue = 0; 

for (int i = 0; i < 10; i++) { 

sadValue += abs(SAD_array[i][0] - SAD_array[i][1]); // 

Tambahkan perbedaan absolut ke SAD 

} 

Serial.print("SAD Value: "); Serial.println(sadValue); 

 
if(sadValue >= SAD_maxTolerance){ 

master_relayState = OFF; 

timeoutState = true; 

startTime = millis(); 

} 

 
if(timeoutState){ 

if (millis() - startTime >= timeout) { 

startTime = millis(); 

 
master_relayState = ON; 

timeoutState = false; 

} 

} 

} 

} 
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Program coding streamer/wifi 

 
#include <ESP8266WiFi.h> 

#include <ESP8266HTTPClient.h> 

#include <SoftwareSerial.h> 

 
#define SSER_TX_Pin D2 

#define SSER_RX_Pin D1 

 
// software serial #1: RX = digital pin D7, TX = digital pin D8/D4 

SoftwareSerial SoftSerial(SSER_RX_Pin, SSER_TX_Pin); 

 
const char* ssid = "createme.id"; 

const char* password = "ccaaddok"; 

 
// 'https://thiefdetector.cloud/api/data' 

// 

'gardu_voltac','gardu_current','gardu_freq','gardu_relay','gardu_ala 

rm', 

// 'a_voltac','a_current','a_freq','a_relay', 

// 'b_voltac','b_current','b_freq','b_relay', 

// 

https://thiefdetector.cloud/api/data/220/5/50/1/1/220/5/50/1/220/5/5 

0/1 

 
String urlBase = "https://thiefdetector.cloud/api/data"; 

String url = ""; 

 
unsigned long time_now = 0; 

const long streamPeriod = 2000; 

 
String dataSerial; 

 
void constructURL(void); 

void sendData(void); 

void streamData(void); 

void checkSoftSerial(void); 

WiFiClient client; 
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// constants won't change. Used here to set a pin number: 

const int ledPin = LED_BUILTIN; // the number of the LED pin 

 
// Variables will change: 

int ledState = LOW; // ledState used to set the LED 

 
// Generally, you should use "unsigned long" for variables that hold 

time 

// The value will quickly become too large for an int to store 

unsigned long previousMillis = 0; // will store last time LED was 

updated 

 
// constants won't change: 

const long interval = 500; // interval at which to blink 

(milliseconds) 

 
// 

bool uploadState = false; 

 
void setup() { 

// put your setup code here, to run once: 

// Open serial communications and wait for port to open: 

Serial.begin(115200); 

Serial.println("Hello Streamer"); 

delay(100); 

 
// set the data rate for the SoftwareSerial port 

SoftSerial.begin(115200); 

// SoftSerial.println("Hello Master"); 

Serial.println("Init SoftSerial One Success..."); 

delay(100); 

 
WiFi.begin(ssid, password, 6); 

Serial.print("Connecting to WiFi"); 

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

delay(100); 

Serial.print("."); 

} 

Serial.println(""); 

Serial.print("Connected! IP address: "); 

Serial.println(WiFi.localIP()); 

 
pinMode(ledPin, OUTPUT); 

} 
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void loop() { 

// put your main code here, to run repeatedly: 

streamData(); 

checkSoftSerial(); 

blink(); 

delay(100); 

} 
 

 
void sendData() { 

if (client.connect("solartracker.cloud", 80)) { 

client.print("GET "); 

client.print(url); 

client.println(" HTTP/1.1"); 

client.print("Host: "); 

client.println("solartracker.cloud"); 

client.println("Connection: close"); 

client.println(); 

client.stop(); 

Serial.println("Send."); 

} else { 

Serial.println("Connection failed."); 

} 

} 

 
void constructURL() { 

// Construct the URL based on the variables 

url = urlBase + dataSerial; 

Serial.print("url: "); 

Serial.println(url); 

} 

 
void checkSoftSerial(){ 

String data=""; 

bool serialState = false; 

if (SoftSerial.available() > 0) { 

 
data = SoftSerial.readString(); 

// dataSerial = data; 

serialState = true; 

// Serial.print("serial: "); 

// Serial.println(dataSerial); 

} 
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if (Serial.available() > 0) { 

data = Serial.readString(); 

// dataSerial = data; 

serialState = true; 

// Serial.print("serial: "); 

// Serial.println(dataSerial); 

} 

 
if(serialState == true){ 

serialState = false; 

 
dataSerial = data; 

Serial.println(dataSerial); 

 
uploadState = true; 

} 

} 

 
void streamData(){ 

if (((millis() - time_now) >= streamPeriod) && uploadState) { 

time_now = millis(); 

 
// Reconstruct URL with updated values 

constructURL(); 

// Send data 

sendData(); 

 
uploadState = false; 

} 

} 

 
void blink(){ 

// check to see if it's time to blink the LED; that is, if the 

difference 

// between the current time and last time you blinked the LED is 

bigger than 

// the interval at which you want to blink the LED. 

unsigned long currentMillis = millis(); 

 
if (currentMillis - previousMillis >= interval) { 

// save the last time you blinked the LED 

previousMillis = currentMillis; 
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// if the LED is off turn it on and vice-versa: 

if (ledState == LOW) { 

ledState = HIGH; 

} else { 

ledState = LOW; 

} 

 
// set the LED with the ledState of the variable: 

digitalWrite(ledPin, ledState); 

} 

} 

 
Program coding client 1 

 
#include <Arduino.h> 

#include <SPI.h> // include libraries 

#include <Wire.h> 

#include <LoRa.h> 

#include <U8x8lib.h> 

#include <ACS712.h> 

#include <movingAvg.h> 

#include <ZMPT101B.h> 

 
#define RELAY_Pin 8 

#define I2C_SCL_Pin A5 

#define I2C_SDA_Pin A4 

#define CURENT_Pin A0 

#define VOLTAGE_Pin A1 

#define CS_Pin 10  // LoRa radio chip select 

#define RESET_Pin 9 // LoRa radio reset 

#define IRQ_Pin 2 // change for your board; must be a 

hardware interrupt pin 

#define SENSITIVITY 520.0f 

#define FREQUENCY 50.0f 

 
U8X8_SSD1306_128X64_NONAME_HW_I2C u8x8(/* reset=*/ U8X8_PIN_NONE); 

ACS712 ACS(CURENT_Pin, 5.0, 1023, 185); 

movingAvg currentSensor(200); // define the moving 

average object 

 
// ZMPT101B sensor output connected to analog pin A0 

// and the voltage source frequency is 50 Hz. 

ZMPT101B voltageSensor(VOLTAGE_Pin, FREQUENCY); 
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String outgoing; // outgoing message 

 
byte msgCount = 0; // count of outgoing messages 

byte client1Address = 0xAA;  // address of this device 

byte client2Address = 0xAB;  // address of another device 

byte masterAddress = 0xFF;  // destination to send to 

long lastSendTime = 0; // last send time 

int interval = 2000; // interval between sends 

 
int period = 2000; 

unsigned long time_now = 0; 

bool relayState = 1; 

void setup() { 

// put your setup code here, to run once: 

// Open serial communications and wait for port to open: 

Serial.begin(115200); 

Serial.println("Hello Client"); 

 
// Setup the OLED display. 

delay(250); // wait for the OLED to power up 

u8x8.begin(); 

u8x8.setPowerSave(0); 

u8x8.setFont(u8x8_font_chroma48medium8_r); 

Serial.println("OLED Init success ..."); 

 
// override the default CS, reset, and IRQ pins (optional) 

LoRa.setPins(CS_Pin, RESET_Pin, IRQ_Pin);// set CS, reset, IRQ pin 

if (!LoRa.begin(433E6)) { // initialize ratio at 915 

MHz 

Serial.println("LoRa init failed. Check your connections."); 

while (true); // if failed, do nothing 

} 

// LoRa.onReceive(onReceive); 

LoRa.onTxDone(onTxDone); 

// LoRa_rxMode(); 

Serial.println("LoRa init succeeded."); 

 
ACS.autoMidPoint(); 

// Serial.println(ACS.getMidPoint()); 

currentSensor.begin(); 

Serial.println("Measuring current with ACS712 ..."); 
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voltageSensor.setSensitivity(SENSITIVITY); 

Serial.println("Measuring voltage with ZMPT101B ..."); 

 
pinMode(RELAY_Pin, OUTPUT); 

digitalWrite(RELAY_Pin, relayState); 

Serial.println("Set Relay Pin As OUTPUT ..."); 

} 

 
void loop() { 

// put your main code here, to run repeatedly: 

int current_mA = 0; 

int avg_current_mA = 0; 

int voltage = 0; 

int power = 0; 

 
voltage = voltageSensor.getRmsVoltage(); 

 
//=-0,000000015 *( F32*F32*F32) + 0,0001 *(F32*F32) + 0,3848 * F32 

+ 23,265 

 
current_mA = ACS.mA_AC(); 

avg_current_mA = currentSensor.reading(current_mA); 

 
float firstOrder = avg_current_mA * 0.4 ; 

double secondOrder = avg_current_mA * avg_current_mA * 0.0001 ; 

double thirdOrder = avg_current_mA * avg_current_mA * 

avg_current_mA * (-0.000000015 ); 

const int constValue = 23; 

 
double buff_current = abs(constValue + firstOrder + secondOrder + 

thirdOrder ); 

 
if(buff_current < 35) buff_current = 0; 

if((buff_current >= 165) && (buff_current<=190)) buff_current = 

buff_current+20; 

if((buff_current >= 270) && (buff_current<=320)) buff_current = 

buff_current-50; 

if((buff_current >= 630) && (buff_current<=670)) buff_current = 

buff_current+200; 

if((buff_current >= 1100) && (buff_current<=1300)) buff_current = 

buff_current+440; 

if((buff_current >= 1650) && (buff_current<=1850)) buff_current = 

buff_current+690; 
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if((buff_current >= 2150) && (buff_current<=2400)) buff_current = 

buff_current+320; 

 
double current = buff_current / 1000; 

power = voltage * current; 

digitalWrite(RELAY_Pin, relayState); 

if(millis() - time_now >= period){ 

time_now = millis(); 

 
// Update display. 

char bufPrint[50]; 

char bufVolt[10]; 

char bufCurrent[10]; 

char bufPower[10]; 

// u8x8.clearDisplay(); 

u8x8.drawString(2, 1, "MONITORING C1"); 

memset(bufVolt, 0, sizeof(bufVolt)); dtostrf(voltage, 3, 0, 

bufVolt); 

memset(bufPrint, 0, sizeof(bufPrint)); sprintf(bufPrint,"V %5s 

V", bufVolt); 

u8x8.drawString(2, 2, bufPrint); 

 
memset(bufCurrent, 0, sizeof(bufCurrent)); dtostrf(current, 4, 

2, bufCurrent); 

memset(bufPrint, 0, sizeof(bufPrint)); sprintf(bufPrint,"C %5s 

A", bufCurrent); 

u8x8.drawString(2, 3, bufPrint); 

 
memset(bufPower, 0, sizeof(bufPower)); dtostrf(power, 3, 0, 

bufPower); 

memset(bufPrint, 0, sizeof(bufPrint)); sprintf(bufPrint,"P %5s 

W", bufPower); 

u8x8.drawString(2, 4, bufPrint); 

 
memset(bufPrint, 0, sizeof(bufPrint)); 

sprintf(bufPrint,"S %3s", relayState ? " ON" : "OFF"); 

u8x8.drawString(2, 5, bufPrint); 

} 

 
if (runEvery(random(500) + 4000)) { // repeat every 1000 millis 
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String message = "/" + String(masterAddress) + "/" + 

String(client2Address) + "/" + String(voltage) + "/" + 

String(buff_current) + "/" + String(power); 

LoRa_sendMessage(message); // send a message 

Serial.print("Node Send: "); 

Serial.println(message); 

} 

} 

void LoRa_rxMode(){ 

LoRa.enableInvertIQ(); // active invert I and Q 

signals 

LoRa.receive(); // set receive mode 

} 

 
void LoRa_txMode(){ 

LoRa.idle(); // set standby mode 

LoRa.disableInvertIQ(); // normal mode 

} 

 
void LoRa_sendMessage(String message) { 

LoRa_txMode(); // set tx mode 

LoRa.beginPacket(); // start packet 

LoRa.print(message); // add payload 

LoRa.endPacket(true); // finish packet and send it 

} 

 
void onReceive(int packetSize) { 

String message = ""; 

 
while (LoRa.available()) { 

message += (char)LoRa.read(); 

} 

 
Serial.print("Node Receive: "); 

Serial.println(message); 

} 

 
void onTxDone() { 

// Serial.println("TxDone"); 

LoRa_rxMode(); 

} 

 
boolean runEvery(unsigned long interval) 

{ 
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static unsigned long previousMillis = 0; 

unsigned long currentMillis = millis(); 

if (currentMillis - previousMillis >= interval) 

{ 

previousMillis = currentMillis; 

return true; 

} 

return false; 

} 

 
Program coding client 2 

 
#include <Arduino.h> 

#include <SPI.h> // include libraries 

#include <Wire.h> 

#include <LoRa.h> 

#include <U8x8lib.h> 

#include <ACS712.h> 

#include <movingAvg.h> 

#include <ZMPT101B.h> 

 
#define RELAY_Pin 8 

#define I2C_SCL_Pin A5 

#define I2C_SDA_Pin A4 

#define CURENT_Pin A0 

#define VOLTAGE_Pin A1 

#define CS_Pin 10  // LoRa radio chip select 

#define RESET_Pin 9 // LoRa radio reset 

#define IRQ_Pin 2 // change for your board; must be a 

hardware interrupt pin 

#define SENSITIVITY 520.0f 

#define FREQUENCY 50.0f 

 
U8X8_SSD1306_128X64_NONAME_HW_I2C u8x8(/* reset=*/ U8X8_PIN_NONE); 

ACS712 ACS(CURENT_Pin, 5.0, 1023, 185); 

movingAvg currentSensor(200); // define the moving 

average object 

 
// ZMPT101B sensor output connected to analog pin A0 

// and the voltage source frequency is 50 Hz. 

ZMPT101B voltageSensor(VOLTAGE_Pin, FREQUENCY); 

 

 
String outgoing; // outgoing message 
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byte msgCount = 0; // count of outgoing messages 

byte client1Address = 0xAA;  // address of this device 

byte client2Address = 0xAB;  // address of another device 

byte masterAddress = 0xFF;  // destination to send to 

long lastSendTime = 0; // last send time 

int interval = 2000; // interval between sends 

 
int period = 500; 

unsigned long time_now = 0; 

bool relayState = 1; 

void setup() { 

// put your setup code here, to run once: 

// Open serial communications and wait for port to open: 

Serial.begin(9600); 

Serial.println("Hello Client"); 

 
// Setup the OLED display. 

delay(250); // wait for the OLED to power up 

u8x8.begin(); 

u8x8.setPowerSave(0); 

u8x8.setFont(u8x8_font_chroma48medium8_r); 

Serial.println("OLED Init success ..."); 

 
// override the default CS, reset, and IRQ pins (optional) 

LoRa.setPins(CS_Pin, RESET_Pin, IRQ_Pin);// set CS, reset, IRQ pin 

if (!LoRa.begin(433E6)) { // initialize ratio at 915 

MHz 

Serial.println("LoRa init failed. Check your connections."); 

while (true); // if failed, do nothing 

} 

LoRa.onReceive(onReceive); 

LoRa.onTxDone(onTxDone); 

LoRa_rxMode(); 

Serial.println("LoRa init succeeded."); 

 
ACS.autoMidPoint(); 

// Serial.println(ACS.getMidPoint()); 

currentSensor.begin(); 

Serial.println("Measuring current with ACS712 ..."); 

 
voltageSensor.setSensitivity(SENSITIVITY); 

Serial.println("Measuring voltage with ZMPT101B ..."); 



pinMode(RELAY_Pin, OUTPUT); 

C-26 

 

 

digitalWrite(RELAY_Pin, relayState); 

Serial.println("Set Relay Pin As OUTPUT ..."); 

} 

 
void loop() { 

// put your main code here, to run repeatedly: 

int current_mA = 0; 

int avg_current_mA = 0; 

int voltage = 0; 

int power = 0; 

 
voltage = voltageSensor.getRmsVoltage(); 

 
//=-0,000000015 *( F32*F32*F32) + 0,0001 *(F32*F32) + 0,3848 * F32 

+ 23,265 

 
current_mA = ACS.mA_AC(); 

avg_current_mA = currentSensor.reading(current_mA); 

 
float firstOrder = avg_current_mA * 0.4 ; 

double secondOrder = avg_current_mA * avg_current_mA * 0.0001 ; 

double thirdOrder = avg_current_mA * avg_current_mA * 

avg_current_mA * (-0.000000015 ); 

const int constValue = 23; 

 
double buff_current = abs(constValue + firstOrder + secondOrder + 

thirdOrder ); 

 
if(buff_current < 35) buff_current = 0; 

if((buff_current >= 165) && (buff_current<=190)) buff_current = 

buff_current+20; 

if((buff_current >= 270) && (buff_current<=320)) buff_current = 

buff_current-50; 

if((buff_current >= 630) && (buff_current<=670)) buff_current = 

buff_current+200; 

if((buff_current >= 1100) && (buff_current<=1300)) buff_current = 

buff_current+440; 

if((buff_current >= 1650) && (buff_current<=1850)) buff_current = 

buff_current+690; 

if((buff_current >= 2150) && (buff_current<=2400)) buff_current = 

buff_current+320; 

 
double current = buff_current / 1000; 



power = voltage * current; 
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digitalWrite(RELAY_Pin, relayState); 

if(millis() - time_now >= period){ 

time_now = millis(); 

 
// Update display. 

char bufPrint[50]; 

char bufVolt[10]; 

char bufCurrent[10]; 

char bufPower[10]; 

// u8x8.clearDisplay(); 

u8x8.drawString(2, 1, "MONITORING C1"); 

memset(bufVolt, 0, sizeof(bufVolt)); dtostrf(voltage, 3, 0, 

bufVolt); 

memset(bufPrint, 0, sizeof(bufPrint)); sprintf(bufPrint,"V %5s 

V", bufVolt); 

u8x8.drawString(2, 2, bufPrint); 

 
memset(bufCurrent, 0, sizeof(bufCurrent)); dtostrf(current, 4, 

2, bufCurrent); 

memset(bufPrint, 0, sizeof(bufPrint)); sprintf(bufPrint,"C %5s 

A", bufCurrent); 

u8x8.drawString(2, 3, bufPrint); 

 
memset(bufPower, 0, sizeof(bufPower)); dtostrf(power, 3, 0, 

bufPower); 

memset(bufPrint, 0, sizeof(bufPrint)); sprintf(bufPrint,"P %5s 

W", bufPower); 

u8x8.drawString(2, 4, bufPrint); 

 
memset(bufPrint, 0, sizeof(bufPrint)); 

sprintf(bufPrint,"S %3s", relayState ? " ON" : "OFF"); 

u8x8.drawString(2, 5, bufPrint); 

} 

if (runEvery(random(500) + 4000)) { // repeat every 1000 millis 

String message = "/" + String(masterAddress) + "/" + 

String(client2Address) + "/" + String(voltage) + "/" + 
String(buff_current) + "/" + String(power); 



LoRa_sendMessage(message); // send a message 

Serial.print("Node Send: "); 
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Serial.println(message); 

} 

} 

void LoRa_rxMode(){ 

LoRa.enableInvertIQ(); // active invert I and Q 

signals 

LoRa.receive(); // set receive mode 

} 

 
void LoRa_txMode(){ 

LoRa.idle(); // set standby mode 

LoRa.disableInvertIQ(); // normal mode 

} 

 
void LoRa_sendMessage(String message) { 

LoRa_txMode(); // set tx mode 

LoRa.beginPacket(); // start packet 

LoRa.print(message); // add payload 

LoRa.endPacket(true); // finish packet and send it 

} 

 
void onReceive(int packetSize) { 

String message = ""; 

 
while (LoRa.available()) { 

message += (char)LoRa.read(); 

} 

 
Serial.print("Node Receive: "); 

Serial.println(message); 

} 

 
void onTxDone() { 

// Serial.println("TxDone"); 

LoRa_rxMode(); 

} 

 
boolean runEvery(unsigned long interval) 

{ 

static unsigned long previousMillis = 0; 

unsigned long currentMillis = millis(); 

if (currentMillis - previousMillis >= interval) 

{ 
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previousMillis = currentMillis; 

return true; 

} 

return false; 

} 
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