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ABSTRACT

The purposes of this thesis are study and design a system for monitoring electricity

consumption for improve performance managing electricity consumption skill. In this

system, it has 2 section for working. First part is power meter for calculate electricity

consumption and send data with wireless communication in LoRa type that use low power

to connect the second. And second part is data center and display the data in application.
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\an1e (embedded systems)
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“\CONTROL
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EU“?{ 2.5 Arduino Uno LoRa S$X1278 433 MHz

AMENURA

fledlulasnaulnmaed ATmega328
TFusaanlnin 5V
sassumMITusawlnih (fuusi) T~ J2
soasumITusawlwia (\sna) 6-20V
Wi Digital I/0 12 Wain
Wase Analog Input 8 Wase
nazua Wi 50790 oldlunnwasa 40 mA

nyzualufidne ldluwasa 3.3v 50 mA



2.2.3 MicroSD Card Adapter

Wugunsalisdudrunsivuasiiuinudeya Jnjundrsesdoyalilu MicrosD Card

. OPEN-SHART * L - !

gﬂ'ﬁl 2.6 micro sd card adapter v1.0

AANUR
Working voltage: VCC 4.5~5.5V;

Current: 0.2~200mA;

Interface electrical level: 3.3V / 5V;
Onboard 3.3V voltage regulator circuit;
Supports Micro SD up to 2GB;

Micro SDHC up to 32GB;

Leads: GND, VCC, MISO, MOSI, SCK, CS;
SPI standard interface ;

4 M2 2.2mm screw installation holes



2.2.4 Real-Time Clock Module

Wugunsalialudunsivuaniuinudoya ieimuananiehlutuindeys

5Uf1 2.7 DS3231 Real-Time Clock Module
AMAUUR
Ultra low power consumption: 40 nA
High precision: + 3 ppm, = 0.25s/day
Smallest package: 3.2 x 1.5 x 0.8 mm

Extended temperature range up to +125°C including AEC-Q200
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fo199zdpuuasmy Frequency plan 909UBULUATEEENN  waza u13oUsu Spreading
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o =
Nenuuian

Network
Server

Application
Server

Concentrator
/Gateway

End Nodes

]
]
I
I
I
1
I
I
1
1
1)

3GA
Etherdet
Backhhaul

1
LoRa™ RF TCP/IP SSL TCP/IP SSL

LoRaWAN™ LoRaWAN™ Secure Payload
i i |
— — S e
' AES Secured Payload :

Application Data
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42AvaIN151Y LoRaWAN
1. szezmilng

- Mwanudliigenn Fsdinnumusedsfinuanglduin (long range up to 15km)

1
[

- dygusanveseiogniiefiansalinuldie -137 dBm (End point Sensitivity up to -
137 dBm)

- nszaedgyaneadluluenasiidl (up to 20dB penetrate for deep indoor)

2. Ussndandaau

wsesgnireltlnuunneitosriliaunsaldauldivansd

'

- Mdvdwesandgrudiesnldanudsi vude AfyaausunIu

3. sevfulinauniesgnineldioey

- Modulation 1% LoRa Modulation wuu CSS (Chirp Spread Spectrum)
- 125kHz Channel Bandwidth

4. 579N

- dummiidly Light-License Favhlisuyush

- szuuRevemMsiiuimsligenndudou (iaieuiu 3G, 4G LTE)

qunsalaniignu Ly ssuvdsdnyaa aneainia siangn

= v oa vl o w
- 1 annilgw awnsalruinmslanunniig

- UaguuiiimSesgninglunanauinuie wainvaludvie Economies of Scale 3110
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LoRa - Sender void loop() {

#include <SPI.h> // Readsensor and transfrom

#include <LoRa.h> int sensorV, sensorA,;

#include <LiguidCrystal_12C.h> float outputV = 0, outputA = 0;

LiquidCrystal_12C lcd(0x27, 20, 4); // Calculate

void setup() { float v, vmax = 0, vmin = 1000, vmid;
Serial.begin(9600); float a, amax = 0, amin = 1000;
lcd.begin(); float f, p, pf, g, %, y, Z, power;

lcd.backlight();

// Loop And Counter
while (ISerial); inti, k, L, fl,r s, t=0;
Serial.printin("LoRa Sender"), float counter;

if (LoRa.begin(915E6)) {

Serial.println("Starting LoRa failed!"); for (int i = 0;i< 1000; i++) {
while (1);
} /* ReadingSensor */
LoRa.setSpreadingFactor(10), sensorV = analogRead(A6);
LoRa.setSignalBandwidth(62.5E3); if (sensorV >= 512) outputV =

512, 1023, 0, 688); 688
LoRa.crc(); map(sensorV, 512, 1023, Y M

else outputV = map(sensorV, 0, 512, -
311, 0);



sensorA = analogRead(A0);

outputA = (.0098 * sensorA - 5.0016);

/* Max-Min value */

if (vmax <= outputV) vmax = outputV;
if (vmin > outputV) vmin = outputV;
if (@max <= outputA) amax = outputA;
if (amin > outputA) amin = outputA;

delay(1);

/* Calculation */
v = (vmax - vmin) * 0.707 / 2;

a = (amax - amin) * 0.707 / 2;

/* Monitoring */
counter++;

q=q+ (p/ 3600);

Serial.print(v);
Serial.print("\t");
Serial.print(a);
Serial.print("\t");

Serial.println(p);

lcd.clear();
led.setCursor(0, 0);
led.print("v = ");
led. print(v);
led.print(" Volt");
lcd.setCursor(0, 1);
lcd.print("l = ")
led.print(a);
led.print(" Amp");
lcd.setCursor(0, 2);

led.print("P = "),



lcd.print(p);
led.print(" Watt");

// lcd.setCursor(0, 3);
// lcd.print("F = ");
// \cd.print(f);

// \cd.print(" HZ");

/* Frequancy */
// for (int k = 0; k > 300; k++) {
// sensorV = analogRead(A0);

/7 outputV = map(sensorV, 0, 1023, 0,
417);

//if (outputV == vmid) {

// delay(2);

1/ for (int | = 0; | < 20000; l++) {
1/ sensorV = analogRead(A0);

// outputV = map(sensorV, 0, 1023, 0,
417}

// if (outputV == vmid) {
74 = 10000;
£ }

1/ fl+4;

i delayMicroseconds(1);
/)

// f = ((fl + 2000) / 1000) * 2;
/)

// delay(1);

/' }

/* Power Factor */
FE NS r S0 £100; r++) {
//sensorV = analogRead(A0);

//  if (sensorV >= 512) outputV =

map(sensorV, 512, 1023, 0, 639);

// else outputV = map(sensorV, 0, 512, -

21 180T

//  sensorA = analogRead(Al);

//  outputA = .0098 * sensorA - 5.0016;
&

// if (outputV == vmax)

/A

& forls = 0:8 < 1500 54+4)

/A

// if (sensorA == amax) s = 2000;



// delayMicroseconds(1);
!/ t++;

/! }

/7 Serial.println(t);

!/ x = (t * 360) / 20000;
/)

/7 }

/* Sending Data */

LoRa.beginPacket();
LoRa.print(v);
LoRa.print("\t");
LoRa.print(a);
LoRa.print("\t");
LoRa.println(p);

LoRa.endPacket();



LoRa - Receiver Serial.begin(9600);

F while (1Serial);
SD card read/write Serial.println("LoRa Receiver");
** MOSI - pin 11 if (ILoRa.begin(915E6)) {
** MISO - pin 12 Serial.println("Starting LoRa failed!");
** SCK - pin 13 while (1);
** CS - pin 4 (for MKRZero SD: }

SDCARD SS PIN
55 LoRa.setSpreadingFactor(10);

L LoRa.setSignalBandwidth(62.5E3);
** A -
SRA BT LoRa.crc():
** SCL > A5
g if (1SD.begin(@)) {
*/

Serial.printin("SD Card failed!");

#include <Wire,
include <Wire.h> while (1):

#include <SPI.h>

#include <LoRa.h
AR SRR Serial.printin("Connect done.");

#include <SD.h>

Wire.begin();
#include <RTClib.h
include <RTClib.h> RTC.begin();
Fi ile;
e e RTC.adjust(DateTime(_DATE_,
RTC_DS3231 RTC; _TIME_ ),

void setup() { if ({ RTC.isrunning() {



Serial.printin("RTC is NOT running!");

// following line sets the RTC to the date

& time this sketch was compiled

RTC.adjust(DateTime(_ DATE
_TIME_));

}
}
void loop() {
// try to parse packet
int value;
int packetSize = LoRa.parsePacket();
DateTime now = RTC.now();
if (packetSize) {
Serial.print("DATA, TIME,");

// read packet

myFile = SD.open("data.txt", FILE_WRITE),

if (myFile) {
myFile.print(now.year(), DEC);
myFile.print("/");
myFile.print(now.month(), DEC);
myFile.print("/");

myFile.print(now.day(), DEC);

myFile.print("\t");
myFile.print(now.hour(), DEC);
myFile.print(".");
myFile.print(how.minute(), DEC);
myFile.print(":");
myFile.print(now.second(), DEQ);

myFile.print("\t");

myFile.close();

}

while (LoRa.available()) {
Serial.print((char)LoRa.read());

myFile = SD.open("data.txt",
FILE WRITE);

if (myFile) {
myFile.print((char)LoRa.read();

myFile.close();



WEB APPLICATION CODE (Front-end working)

import React, { Component } from 'react’;
import "./counter.css';

import axios from 'axios';

class Counter extends Component {

constructor() {
super()
this.state={
time : new Date(),

data: 0

async componentDidMount() {

let a = await

axios.get("http://localhost:4000/api/courses")

this.setState({ data: a.data })

currentTime() {
this.setState( {

time : new Date(),

componentWillMount() {

setinterval(()=>this.currentTime(), 100
0)
setinterval(()=>this.componentDidMo

unt(),1000)

render() {
return (
<div className="allin">

<header className="top">



<img className='weblogo'
src="/image/kmitl logo.gif' width="100'
height="100" ></img>

</header>
<header className='blocktop'>

<h2

className="tophead">Energy Consumption

Monitoring Application</h2>

</header>

<header className='subblock'>

<h5
className='subhead'>Department of

Electronics Engineering KMITL</h5>

</header>

<h?2

className="timer'>{this.state.time1}

{this.state.time.toLocaleTimeString(}</h2>

<h2 className='"power'>Energy

Consumption : {this.state.data} kWh</h2>

</div>

export default Counter;



WEB APPLICATION CODE (Back-end)

const Joi = require(joi?);

const express = require('express’);
const cors = require('cors);

const fs = require('fs');

const app = express()

const xlsxj = require("xlsx-to-json");

var bodyParser = require('body-parser’);

let convertxlsxtojson =

require("./components/convertxlsxtojson")

app.uselexpress.json();

app.use(bodyParser.urlencoded({ extended:

false 1)
// parse application/json
app.use(bodyParser.json())

app.use(cors())

const courses = [
{id: 1, name: 'coursel'},

{id: 2, name: 'course2'},

{ id: 3, name: 'course3'}
¥
app.get('/(req, res) => {

res.send('Hello World");

app.get(/api/courses', async (req, res) => {

await

convertxlsxtojson('test.xlsm', test.json");

let rawdata = await

fs.readFileSync('test.json’);
let student = JSON.parse(rawdata);

studentfilter(stu => stu.Energy 1==""7?

stu.Energy : "").map(std => {

res.send(std.Energy)

app.get(/api/courses/:id, (req, res) => {

const course = courses.find(c => c.id ===

parselnt(req.params.id));




iflcourse) res. status(404).send("The ID

Not Found");

res.send(course);

app.listen(4000, () => console.log('listening
on port 4000 ..."));

app.post(/api/courses), (req, res) => {

const { error } =

validateCourse(req.body); //result.error

if (error) {

res.status(400).send(error.details[0]. message);

return;

const course = {
id : courses.length + 1,

name : reg.body.name

courses.push(course);

res.send(course);

app.-put(/api/courses/:id', (req, res) => {

const course = courses.find(c => c.id ===

parselnt(req.params.id));

if(lcourse) res.status(404).send('Not find
this ID");

const { error } =

validateCourse(req.body);

if (error) {

res.status(400).send(error.details[0]. message);

return;

course.name = reg.body.name;

res.send(course);



function validateCourse(course) {
const schema = {

name : Joi.string().min(3).required()

return Joi.validate(course, schema);



WEB APPLICATION CODE (JSON Converter)

const xlsxj = require("xlsx-to-json");
convertxlsxtojson = async (file, output) => {
await xlsxj ({
input: file,
output: output,
}, (err, result) => {
if (err) {
console.err(err);
}else {

console.log(result);

module.exports = convertxlsxtojson





