100

DAFTAR PUSTAKA

Amaliyah, L. (2019). Pengaruh Efikasi Diri, Lingkungan Keluarga, dan
Pendidikan Kewirausahaan Terhadap Minat Berwirausaha Mahasiswa
Manajemen Bisnis Syariah IAIN Kudus. Skripsi. Institut Agama Islam Negeri
Kudus.

AQIL (2023, Agustus). https://www.aqi.in/id/dashboard/indonesia/sulawesi-

selatan/makassar.

Ardiansyah, F., Misbah, & Pressa P. S. S. (2018). Sistem Monitoring Debu dan
Karbon Monoksida pada Lingkungan Kerja Boiler di PT. Karunia Alam
Segar. Jurnal IKRA-ITH Teknologi, 2(3), 1-10.

Ardutech. (2019, 29 Oktober). Sensor Suhu Kelembaban DHT22 dan Arduino.

https://www.ardutech.com/sensor-suhu-kelembaban-dht22-dan-arduino/.

Arya, T. F., Faiqurahman, M., & Azhar, Y. (2018). Aplikasi Wireless Sensor Network
Untuk Sistem Monitoring dan Klasifikasi Kualitas Udara. Sistemasi, 7(3),
281. https://doi.org/10.32520/stmsi.v713.312.

Aulia, T. (2021, 2 Mei). Mikrokontroller : Seputar Mappi32 dan Arduino Uno.

https://www.kmtech.id/post/mikrokontroller-seputar-mappi32-dan-arduino-

uno.

BINUS Online Learning. (2020, 15 Juni). QoS (Quality of Services).

https://onlinelearning.binus.ac.id/computer-science/post/qos-quality-of-

services.

Cahyaningtyas, A. (2013). Pengenalan dan Dasar Penggunaan Wireshark.

https://ilmukomputer.ore/2013/04/22/pengenalan-dan-dasar-penggunaan-

wireshark/.

Databoks. (2023, 20 Maret). Jumlah Kendaraan Bermotor di DKI Jakarta Terus
ningkat dalam 5 Tahun Terakhir.
ys://databoks.katadata.co.id/datapublish/2023/03/20/jumlah-kendaraan-

motor-di-dki-jakarta-terus-meningkat-dalam-5-tahun-terakhir.

Optimized using
trial version
www.balesio.com



https://www.aqi.in/id/dashboard/indonesia/sulawesi-selatan/makassar
https://www.aqi.in/id/dashboard/indonesia/sulawesi-selatan/makassar
https://www.ardutech.com/sensor-suhu-kelembaban-dht22-dan-arduino/
https://www.kmtech.id/post/mikrokontroller-seputar-mappi32-dan-arduino-uno
https://www.kmtech.id/post/mikrokontroller-seputar-mappi32-dan-arduino-uno
https://onlinelearning.binus.ac.id/computer-science/post/qos-quality-of-services
https://onlinelearning.binus.ac.id/computer-science/post/qos-quality-of-services
https://ilmukomputer.org/2013/04/22/pengenalan-dan-dasar-penggunaan-wireshark/
https://ilmukomputer.org/2013/04/22/pengenalan-dan-dasar-penggunaan-wireshark/
https://databoks.katadata.co.id/datapublish/2023/03/20/jumlah-kendaraan-bermotor-di-dki-jakarta-terus-meningkat-dalam-5-tahun-terakhir
https://databoks.katadata.co.id/datapublish/2023/03/20/jumlah-kendaraan-bermotor-di-dki-jakarta-terus-meningkat-dalam-5-tahun-terakhir

101

Din, D. (2023). Rancang Bangun Sistem Pemantauan Kualitas Udara Berbasis
Internet of Things (loT) Menggunakan Thingspeak dan Website. Skripsi.

Universitas Hasanuddin.

Direktorat Jenderal Pelayanan Kesehatan. (2023, 27 Juni). Pengaruh Polusi Karbon
Monoksida bagi Kesehatan.
https://yankes.kemkes.go.id/view_artikel/2575/pengaruh-polusi-karbon-

monoksida-bagi-kesehatan.

Direktorat Pengendalian Pencemaran Udara. (2023, 21 September). Indeks Standar
Pencemar Udara (ISPU) Sebagai Informasi Mutu Udara Ambien di

Indonesia. https://ditppu.menlhk.go.id/Portal/read/indeks-standar-pencemar-

udara-ispu-sebagai-informasi-mutu-udara-ambien-di-indonesia

Diva, T. M. (2022). Analisa Pengukuran Pencahayaan, Kebisingan, CO2 dan CO
Pada Bengkel Motor Non Resmi “Sabel Motor”. Skripsi. Universitas Islam
Indonesia.

https://dspace.uii.ac.id/bitstream/handle/123456789/41444/18513172.pdf.

Fenia, R. W. (2023, 6 April). Introducing New Version of Mappi32.

https://www.kmtech.id/post/introducing-new-version-of-mappi32.

Forums RaspberryPl. https://forums.raspberrypi.com/viewtopic.php?t=34261.

GNS Components. Modul Alarm Deteksi Sensor Gas Karbon Monoksida MQ-7.

http://id.gnscomponent.com/sensor-module/mg-7-carbon-monoxide-gas-

sensor-detection.html.

Handoko, P. (2017). Sistem Kendali Perangkat Elektronika Monolitik Berbasis
Arduino Uno R3. Prosiding Seminar Nasional Sains dan Teknologi,

November 2017, hal. 1-2.

Hapsari, J. P. (2016). Implementasi Sistem Komunikasi Single-Input Single-Output
Pada Lingkungan /ndoor dan Outdoor Menggunakan Teknik Modulasi Psk
Berbasis Warp. Jurnal Media Elektrika, Vol. 9, No. 1, Juni 2016.

an, T. K. (2020, 5 Juli). How To Use MQ-135 Gas Sensor.

ys://www.codrey.com/electronic-circuits/how-to-use-mqg-135-gas-sensor/.

Optimized using
trial version
www.balesio.com



https://yankes.kemkes.go.id/view_artikel/2575/pengaruh-polusi-karbon-monoksida-bagi-kesehatan
https://yankes.kemkes.go.id/view_artikel/2575/pengaruh-polusi-karbon-monoksida-bagi-kesehatan
https://ditppu.menlhk.go.id/portal/read/indeks-standar-pencemar-udara-ispu-sebagai-informasi-mutu-udara-ambien-di-indonesia
https://ditppu.menlhk.go.id/portal/read/indeks-standar-pencemar-udara-ispu-sebagai-informasi-mutu-udara-ambien-di-indonesia
https://dspace.uii.ac.id/bitstream/handle/123456789/41444/18513172.pdf
https://www.kmtech.id/post/introducing-new-version-of-mappi32
https://forums.raspberrypi.com/viewtopic.php?t=34261
http://id.gnscomponent.com/sensor-module/mq-7-carbon-monoxide-gas-sensor-detection.html
http://id.gnscomponent.com/sensor-module/mq-7-carbon-monoxide-gas-sensor-detection.html
https://www.codrey.com/electronic-circuits/how-to-use-mq-135-gas-sensor/

102

Herald Sulsel. (2023, 9 Juni). Makassar Puncaki Daerah dengan Polusi Udara
Tertinggi di Sulsel, Ini Dampaknya Bagi Kesehatan.
https://sulsel.herald.id/2023/06/09/makassar-puncaki-daerah-dengan-polusi-

udara-tertinggi-di-sulsel-ini-dampaknva-bagi-kesehatan/

https://www.openstreetmap.org/#map=18/-5.23211/119.50334.

Imelda. (2021, 1 Mei). Teknologi LoRa dan Protokol LoRaWAN.

https://www.kmtech.id/post/teknologi-lora-dan-protokol-lorawan.

Kompas.com. (2023, 20 Agustus). Kualitas Udara Jakarta Minggu Pagi Jadi
Terburuk di Dunia [Video]. YouTube.
https://www.youtube.com/watch?v=LIPDzJql Ahw&t=51s.

Kurniawan, A. (2017). Pengukuran Parameter Kualitas Udara (CO, NO2, SO2,
03, dan PM10) di Bukit Kototabang Berbasis ISPU. Jurnal Teknosains, 7(1),
1-82. https://doi.org/10.22146/teknosains.34658.

Lutfi, M. S., & Asrun, D. (2016). Sistem Komunikasi Portabel Berbasis IP dengan
Menggunakan Raspberry PI 2 Sebagai Server. Skripsi. Universitas

Hasanuddin.

Paramita, A. Y. (2023). Alat Penghitung Penumpang Bus Otomatis. Skripsi.

Universitas Hasanuddin. http://repository.unhas.ac.id/id/eprint/28909/.

Puspasari, F., et al. (2020). Analisis Akurasi Sistem Sensor DHT22 Berbasis
Arduino  Terhadap Thermohygrometer Standar. Jurnal Fisika dan
Aplikasinya, 16(1).
https://iptek.its.ac.id/index.php/jfa/article/download/16%281%2908/4352

Rochmania, A., Sucahyo, 1., Yantidewi, M. (2021). Monitoring Kandungan CO: di
Udara Berbasis loT dengan NodeMCU ESP8266 dan Sensor MQ135. Jurnal
Sains dan  Pendidikan  Fisika  (JSPF), 17(3), 249-259.
http://ojs.unm.ac.id/jsdpf.

== "1, M. P. S, Wijanarko, H., Nakul, F., & Mahdaliza, R. (2021). Penerapan

munikasi Nirkabel LoRa pada Sistem Pencatat Kehadiran Portabel.
rnal of Applied Electrical Engineering, 5(2).

Optimized using
trial version
www.balesio.com



https://sulsel.herald.id/2023/06/09/makassar-puncaki-daerah-dengan-polusi-udara-tertinggi-di-sulsel-ini-dampaknya-bagi-kesehatan/
https://sulsel.herald.id/2023/06/09/makassar-puncaki-daerah-dengan-polusi-udara-tertinggi-di-sulsel-ini-dampaknya-bagi-kesehatan/
https://www.openstreetmap.org/#map=18/-5.23211/119.50334
https://www.kmtech.id/post/teknologi-lora-dan-protokol-lorawan
https://www.youtube.com/watch?v=LIPDzJq1Ahw&t=51s
https://doi.org/10.22146/teknosains.34658
http://repository.unhas.ac.id/id/eprint/28909/
https://iptek.its.ac.id/index.php/jfa/article/download/16%281%2908/4352
http://ojs.unm.ac.id/jsdpf

103

Sebayang, M. A. (2017). Stasiun Pemantau Kualitas Udara Berbasis Web Based
Quality Air Monitor Station. Journal of Informatics and Telecommunication

Engineering, 1(1).

Setiawan, D. (2023). Cara Kerja dan Keunggulan LoRaWAN Untuk Aplikasi loT
Jarak Jauh dan Konsumsi Daya Rendah. https://teknik-komputer-

d3.stekom.ac.id/informasi/baca/Cara-Kerja-dan-Keunggulan-LoRaWAN-

untuk-Aplikasi-loT-Jarak-Jauh-dan-Konsumsi-Dava-Rendah/.

Smartfren. Kenali Penyebab dan 5 Cara Mengatasi Jaringan Internet yang Lemot.

https://www.smartfren.com/connect-with-us/whats-new/artikel/smart-

guide/jaringan-lemot/44558/.

Testy, K. N., Kurnianto, D., & Yuliantoro, P. (2022). Sistem Monitoring Kualitas
Udara Berbasis Komunikasi Lora di IT Telkom Purwokerto. Jurnal Teknologi

Informasi dan Ilmu Komputer, 18(1), 35-47.

Ubaidillah, A., Handoko, K., & Kholida, S. I. (2023). Optimalisasi Kinerja Repeater
Sinyal Global System for Mobile Dengan Metode High-Multi Serial (Studi
Kasus: Pegunungan Pegantenan, Pamekasan). Jurnal Ilmiah Teknik Elektro,

25(4).

Widodo, S., Amin, M. M., Sutrisman, A., & Putra, A. A. (2017). Rancang Bangun
Alat Monitoring Kadar Udara Bersih dan Gas Berbahaya CO, CO2, dan
CH4 di Dalam Ruangan Berbasis Mikrokontroler. Pseudocode, 4(2), 105-
119. https://doi.org/10.33369/pseudocode.4.2.105-119.

Wilianto, & Kurniawan, A. (2018). Sejarah, Cara Kerja, dan Manfaat Internet of
Things. Matrix : Jurnal Manajemen Teknologi dan Informatika, 8(2), 36.
https://doi.org/10.31940/matrix.v8i2.818.

Wulandari, R. (2016). Analisis QoS (Quality of Service) Pada Jaringan Internet

(Studi Kasus: UPT Loka Uji Teknik Penambangan Jampang Kulon - LIPI).

Jurnal Teknologi Informasi dan Sistem Informasi, vol. 2, no. 2, pp. 162172,
6, doi: 10.28932/jutisi.v2i2.454.

Optimized using
trial version
www.balesio.com



https://teknik-komputer-d3.stekom.ac.id/informasi/baca/Cara-Kerja-dan-Keunggulan-LoRaWAN-untuk-Aplikasi-IoT-Jarak-Jauh-dan-Konsumsi-Daya-Rendah/0fb0baa9e478d0a106bcf872e623901bfe78bb27
https://teknik-komputer-d3.stekom.ac.id/informasi/baca/Cara-Kerja-dan-Keunggulan-LoRaWAN-untuk-Aplikasi-IoT-Jarak-Jauh-dan-Konsumsi-Daya-Rendah/0fb0baa9e478d0a106bcf872e623901bfe78bb27
https://teknik-komputer-d3.stekom.ac.id/informasi/baca/Cara-Kerja-dan-Keunggulan-LoRaWAN-untuk-Aplikasi-IoT-Jarak-Jauh-dan-Konsumsi-Daya-Rendah/0fb0baa9e478d0a106bcf872e623901bfe78bb27
https://www.smartfren.com/connect-with-us/whats-new/artikel/smart-guide/jaringan-lemot/44558/
https://www.smartfren.com/connect-with-us/whats-new/artikel/smart-guide/jaringan-lemot/44558/
https://doi.org/10.33369/pseudocode.4.2.105-119
https://doi.org/10.31940/matrix.v8i2.818

104

Zabar, A. A., & Novianto, F. (2015). Keamanan HTTP dan HTTPS Berbasis Web
Menggunakan Sistem Operasi Kali Linux. Komputa: Jurnal Ilmiah Komputer

dan Informatika, 4(2), 69-74. https://doi.org/10.34010/komputa.v4i2.2427.

Optimized using
trial version
www.balesio.com



https://doi.org/10.34010/komputa.v4i2.2427

105

LAMPIRAN

Lampiran 1 Kode program untuk mendapatkan nilai Ro sensor MQ-7

Program dibawah ini merupakan program yang diupload ke Mappi32 untuk

mendapatkan nilai Ro sensor MQ-7.

#define RL_CO 10 // Nilai RL sensor = 10K
int adeMQ7 = 0;

float VRL CO =0;

float Rs CO = 0;

int RO_CO = 0;

void setup() {
Serial.begin(115200);

}

void loop() {

for (int test_cycle = 1; test_cycle <= 500; test_cycle++) {

adcMQ7 = adcMQ7 + analogRead(33);

}

adcMQ7 = adcMQ7 / 500.0;

VRL CO =adcMQ7 * (3.3 /1023.0);

Rs CO=((3.3/VRL _CO)-1)*RL _CO;

RO _CO = static_cast<int>(Rs_CO / 25.63 * 100); // Multiply by 100 for two
decimal places

Serial.print("RO MQ7: ");

Serial.printin(RO_CO /100.0); // Divide by 100.0 to display the original value with
two decimal places

delav(1000);
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Lampiran 2 Hasil nilai Ro sensor MQ-7

& cowe

[ — b, R ——

Penentuan nilai Ro adalah dengan melihat nilai yang stabil atau nilai yang
paling sering muncul. Pada gambar diatas dapat dilihat bahwa nilai Ro yang

diperoleh pada sensor MQ-7 adalah 250000 €.

Lampiran 3 Kode program untuk mendapatkan nilai Ro sensor MQ-135

Program dibawah ini merupakan program yang diupload ke Mappi32 untuk

mendapatkan nilai Ro sensor MQ-135.

#include <Wire.h>

#include <AverageValue.h>

int MQ135Pin=34;

int Rload = 20000; // Nilai RL sensor = 20K

double ppmMQ135=499.00; // Nilai CO2 terkalibrasi pada alat referensi
floata 2=112.8562882;

floatb 2 =-2.870595918;

const long MAX VALUES NUM = 10;
AverageValue<long> averageValue(MAX VALUES NUM);
void setup() {

z2in(115200);
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void loop() {

float adeMQ135 = analogRead(MQ135Pin);

float rs = ((1023.0 * Rload) / adcMQ135) - Rload;
float RO_CO2 =rs * exp(log(a_2/ppmMQ135)/b 2);
averageValue.push(RO_CO2);

Serial.print("RO MQ135: ");

Serial.println(average Value.average());

delay(1000);
}

Lampiran 4 Hasil nilai Ro sensor MQ-135

@ coms — O ®
send

[RO MQI35: 1392437.25 o
RO MQ135: 1457185.62

RO MQ135: 1333084.62

RO MQ135: 1333084.62

RO MQ135: 1457185.62

RO MQ135: 1392437.25

RO MQ135: 1457185.62

RO MQ135: 1457185.62

RO MQ135: 13%2437.25

RO MQ135: 1392437.25

RO MQ135: 1392437.25

RO MQ135: 1392437.25

RO MQ135: 1333084.62

RO MQ135: 1457185.62

RO MQ135: 1392437.25

RO MQ135: 1457185.62

RO MQ135: 1392437.25

RO MQ135: 1457185.62

RO MQ135: 1457185.62

RO MQ135: 1333084.62

RO MQ135: 1457185.62

RO MQ135: 1392437.25

RO MQ135: 1457185.62

RO MQ135: 1392437.25

RO MQ135: 1457185.62

RO MQ135: 1333084.62 v

[ Autoscrolf [[] Show timestamp BothML&CR  + | | 115200baud -~ Clear output

Penentuan nilai Ro adalah dengan melihat nilai yang stabil atau nilai yang
paling sering muncul. Pada gambar diatas dapat dilihat bahwa nilai Ro yang

diperoleh pada sensor adalah 1300000 Q.

1 5 Kode program untuk end-device

<SimpleKalmanFilter.h>

almanFilter Kalman_s1(4, 2, 0.1);
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SimpleKalmanFilter Kalman_s2(10, 4, 0.1);

#include "Wire.h"
#include <SPL.h>
#include <LoRa.h>
#include "DHT.h"

// untuk pengetesan kalman filter lewat serial plotter
const long SERIAL REFRESH TIME = 100;

long refresh_time;

//

unsigned long waktu sebelumnya = 0;

/* Inisialisasi Sensor MQ-7 */

#define RL_1 10000 //Nilai RL 10K

#define m -0.57846 //Nilai Slope dari datasheet
#define b 1.07298 //Nilai intercept dari datasheet
#define r0_1 250000

//nilai Ro = Nilai Rs pada CO kadar 100ppm,

int MQ7Pin = 33;

/* Inisialisasi Sensor MQ-135 */

int MQ135Pin = 34;

int RL_2=20000; // Nilai RL 20K

float rO_2 = 1300000; //Nilai Ro untuk sensor (dengan RL 20K) (pakai resistor
divider), semakin besar nilai Ro maka ppm juga semakin besar

double ppmMQ135 =436.00; // Nilai CO2 Terkalibrasi

//IMQ135 Coefficient Value
=112.8562882;
=-2.870595918;
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//sensor suhu DHT

#define DHTPIN 17

#define DHTTYPE DHT22
DHT dht(DHTPIN, DHTTYPE);

//define the pins used by the transceiver module
#define ss 15

#define rst 0

#define dio0 27

void setup()

{
Serial.begin(115200);
dht.begin();

Serial.println("1");
while (!Serial);
//Serial.println("LoRa Sender");

/Isetup LoRa transceiver module
SPlLbegin(14, 12, 13, 15);
LoRa.setPins(ss, rst, dio0);

Serial.println(" ");

Serial.println("End-Device Sistem Monitoring Kualitas Udara");

Serial.printIn(" "
delay(3000);

LoRa.begin(921E6)) {
println("LoRa Initializing Failed!");

println("");
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delay(1000);

h

/I Change sync word (0xF3) to match the receiver

/I The sync word assures you don't get LoRa messages from other LoRa
transceivers

// ranges from 0-OxFF

LoRa.setSyncWord(0xF3);

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

Serial.println("");

analogReadResolution(10); //resolution 10bit

delay(1000);

void loop()
{

//mq7 sensor

int adcMQ7Pin = analogRead(MQ7Pin);

float VRL = adcMQ7Pin * (3.3 / 1023.0); // measure the voltage drop and convert
to 0-3.3V

floatrs 1 =((3.3*RL 1)/ VRL) - RL _1; // rumus mencari nilai Rs

float ratio=rs_1/10_1; // mencari ratio Rs/Ro

float ppmMQ7 = pow(10, ((logl0(ratio) - b) / m)); // rumus perhitungan dalam
satuan ppm

float ppmMQ7_filtered = Kalman_s1.updateEstimate(ppmMQ7);

if (ppmMQ7_filtered > 700) {

ppmMQ?7_filtered = 700;

H

if (ppmMQ7_filtered < 0.01) {
)7 _filtered = 0.01;
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//mq135 sensor
int adcMQ135 = analogRead(MQ135Pin);

double rs 2 =((1023.0 * RL 2)/adcMQ135) - RL 2; // rumus mencari nilai Rs
float rSTO =rs 2 /1O 2; // mencari ratio Rs/Ro

float ppmMQ135 = a 2 * pow((float)rs_2 / (float)rO 2, b_2); //disable ketika

mencari nilai Ro
float ppmMQ135_filtered = Kalman_s2.updateEstimate(ppmMQ135);
if (ppmMQ135_filtered > 4000) {
ppmMQI135_filtered = 4000;

}

/*
if (millis() > refresh_time) {
J*
Serial.print(ppmMQ?7, 4); //ganti variable dengan yg akan di test
Serial.print(",");
Serial.print(ppmMQ7 _filtered, 4); //ganti variable dengan yg akan di test
Serial.println();
*/
/%
Serial.print(ppmMQ135, 4); //ganti variable dengan yg akan di test
Serial.print(",");
Serial.print(ppmMQ135_filtered, 4); //ganti variable dengan yg akan di test
Serial.println();
*/
refresh_time = millis() + SERIAL_REFRESH TIME;

;
/1%

//gunakan Serial Ploter untuk visualization

1S0r"

Iht.readHumidity();
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// Read temperature as Celsius (the default)
int t = dht.readTemperature();
/I Read temperature as Fahrenheit (isFahrenheit = true)

int f = dht.readTemperature(true);

// Check if any reads failed and exit early (to try again).

if (isnan(h) || isnan(t) || isnan(f)) {
Serial.println(F("Failed to read from DHT sensor!"));
return;

}

//dht sensor

LoRa.beginPacket();
if (millis() - waktu_sebelumnya > 1000) {
waktu sebelumnya = millis();

//send to node

String sendData = (String() + h + "/" + t + "/" + ppmMQ7_filtered + "/" +
ppmMQ135_filtered);

//Serial.println(sendData);

LoRa.print(sendData);

//send to node

//serial print

//*

Serial.println(String() + "CO: " + ppmMQ7 _filtered + " ppm || " + "CO2: " +
ppmMQI135 filtered + " ppm || " + "Suhu: "+t +" °C || " + "Kelembaban: " + h +
"% ")

1%/

//serial print

1dPacket();
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/ldelay(1000);
h

Lampiran 6 Kode program untuk gateway

#include <WiFi.h>

#include "secrets.h"

#include "ThingSpeak.h"

char ssid[] = SECRET _SSID;

char pass[] = SECRET PASS;

int keylndex = 0;

WiFiClient client;

unsigned long myChannelNumber = SECRET CH _ID;
const char* myWriteAPIKey = SECRET WRITE APIKEY;

#include <SPI.h>
#include <LoRa.h>
#include <Wire.h>
#include <LiquidCrystal 12C.h>
LiquidCrystal 12C led(0x27, 20, 4); //0x3f.0x27
byte derajat[8] = {

B00000,

B10000,

BO1110,

B10001,

B10000,

B10000,

B10001,

BO1110

he pins used by the transceiver module

s15

Optimized using
trial version
www.balesio.com




114

#define rst 0
#define dio0 27

int Humidity;

int Temperature;

int ppmMQ7_display; // Integer value for LCD display
int ppmMQ135 display; // Integer value for LCD display
float ppmMQ7;

float ppmMQ135;

int rssi;

unsigned long waktu sebelumnya = 0;

unsigned long timer = 0;

void setup() {
//initialize Serial Monitor

Serial.begin(115200);

while (!Serial) {
}
WiFi.mode(WIFI _STA);

ThingSpeak.begin(client);
led.init();
// led.begin();

lcd.backlight();
lcd.createChar(1, derajat);

Serial)

println("LoRa Receiver");
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//setup LoRa transceiver module
SPIL.begin(14, 12, 13, 15);
LoRa.setPins(ss, rst, dio0);

lcd.setCursor(0, 0);

led.print(" ");
led.setCursor(0, 1);

led.print(" SISTEM MONITORING");
led.setCursor(0, 2);

led.print(" KUALITAS UDARA");
led.setCursor(0, 3);

led.print(" ");

Serial.println(" "

Serial.println("Gateway Sistem Monitoring Kualitas Udara");

Serial.printIn(" ");
delay(3000);
led.clear();

led.setCursor(0, 0);

led.print(" ");
lcd.setCursor(0, 1);

led.print(" M. INDRA KURNIAWAN");
led.setCursor(0, 2);

led.print("  D041201126");
led.setCursor(0, 3);

led.print(" ")
delay(2000);

lcd.clear();

LoRa.begin(921E6)) {
Cursor(0, 0);
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led.print(" ");
lcd.setCursor(0, 1);

led.print(" LoRa Initializing");
led.setCursor(0, 2);

led.print("  FAILED");
lcd.setCursor(0, 3);

led.print(" ");
delay(1000);

lcd.clear();

}
LoRa.setSyncWord(0xF3);

led.setCursor(0, 0);
led.print(" ");
lcd.setCursor(0, 1);

led.print(" LoRa Initializing");
led.setCursor(0, 2);

lcd.print(" OK");

lcd.setCursor(0, 3);

led.print(" ");

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

delay(1000);

led.clear();

void loop() {

// try to parse packet

int packetSize = LoRa.parsePacket();
etSize) {
ved a packet

LoRa.available()) {
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// Ukur QoS
unsigned long start = micros();

LoRa.beginPacket();

//start = micros();
rssi = LoRa.packetRssi();

//lend = micros();

String receivingData = LoRa.readString();
//Serial.println(receivingData);

String substringl = getValue(receivingData, '/', 0);
String substring2 = getValue(receivingData, '/', 1);
String substring3 = getValue(receivingData, '/', 2);
String substring4 = getValue(receivingData, '/', 3);

Humidity = substring1.toInt();

Temperature = substring2.toInt();

ppmMQ7 = substring3.toFloat();

ppmMQ135 = substring4.toFloat();
ppmMQ7_display = static_cast<int>(ppmMQ7);
ppmMQI135_display = static_cast<int>(ppmMQ135);

if (millis() - waktu sebelumnya > 1000) {

waktu sebelumnya = millis();

//serial print

Serial.println(String() + "CO: " + ppmMQ7 + " ppm || " + "CO2: " +
ppmMQI135 + " ppm || " + "Suhu: " + Temperature + " °C || " + "Kelembaban: " +
Humidity +" % || "+ "RSSI: " + rssi + " dBm ");

1al print

| print
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led.clear();

lcd.setCursor(0, 0);

led.print(String() + "CO "+ ppmMQ7 display + " ppm ");
led.setCursor(0, 1);

led.print(String() + "CO2 "+ ppmMQI135 display +" ppm ");
lcd.setCursor(0, 2);

led.print(String() + "Suhu " + Temperature + " ");
led.write(1);

led.print(" ");

lcd.setCursor(0, 3);

lcd.print(String() + "Kelembaban: " + Humidity + " % ");

//lcd print

timer = timer + 1;
//Serial.println(String() + "Timer: " + timer + " detik");

if (timer >= 30) {

if (WiFi.status() != WL_CONNECTED) {
//Serial.print(" Attempting to connect to SSID: ");
//Serial.printin(SECRET _SSID);
while (WiFi.status() != WL _CONNECTED) {
WiFi.begin(ssid, pass);
//Serial.print(".");
delay(5000);

h
//Serial.println("\nConnected!");

}

//Serial.println("Mengirimkan Data ke Thingspeak");
ingSpeak.setField(1, ppmMQ7);
ingSpeak.setField(2, ppmMQ135);
ingSpeak.setField(3, Temperature);
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ThingSpeak.setField(4, Humidity);

int X = ThingSpeak.writeFields(myChannelNumber, myWriteAPIKey);
if (x ==200) {
//Serial.println("Channel update successful.");
}else {
//Serial.println("Problem updating channel. HTTP error code " + String(x));

}

timer = 0;
§
§

LoRa.endPacket();
//unsigned long end = micros();

/ldelay ms = (end - start) / 1000;

String getValue(String data, char separator, int index) {
int found = 0;
int strlndex[] = { 0, -1 };
int maxIndex = data.length() - 1;

for (int i = 0; 1 <= maxIndex && found <= index; i++) {
if (data.charAt(i) == separator || i == maxIndex) {
found++;
strindex[0] = strindex[1] + 1;

lex[1]= (1 ==maxIndex) ?1+1:1;
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nm,

return found > index ? data.substring(strIndex[0], strIndex[1]) : "";

}

Lampiran 7 Data pengujian alat — kondisi libur semester

Lokasi Tanggal Tampilan Pada Aplikasi CoolTerm

Selasa, 9
Januari
2024

Gedung
Elektro

Rabu, 10
Januari
2024

Kamis, 11
Januari
2024

Gedung
Sipil

Jum’at, 12
Januari
2024
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Lokasi

Tanggal

Tampilan Pada Aplikasi CoolTerm

Gedung
Geologi

Rabu, 17
Januari
2024

Kamis, 18
Januari
2024

Gedung
Mesin

Jum’at, 19
Januari
2024

Selasa, 23
Januari
2024
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Lokasi Tanggal Tampilan Pada Aplikasi CoolTerm

Rabu, 24
Januari
2024

Gedung
Perkapalan

Kamis, 25
Januari
2024

Lampiran 8 Data pengujian alat — kondisi perkuliahan

Lokasi Tanggal Tampilan Pada Aplikasi CoolTerm

Kamis, 22
Februari
2024

Gedung
Elektro

Jum’at, 23
Februari
2024
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Lokasi

Tanggal

Tampilan Pada Aplikasi CoolTerm

Gedung
Sipil

Senin, 25
Februari
2024

Selasa, 26
Februari
2024

Gedung
Geologi

Rabu, 27
Februari
2024

Kamis, 28
Februari
2024
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Lokasi Tanggal Tampilan Pada Aplikasi CoolTerm

Jum’at, 29
Februari
2024

Gedung
Mesin

Senin, 1
Maret
2024

Selasa, 2
Maret
2024

Gedung
Perkapalan

Rabu, 3
Maret
2024

Lampiran 9 Perhitungan delay LoRa

Lokasi Perhitungan Delay
Waktu Kirim 11:00:52.027
Elektro | Waktu Terima 11:00:52.142
Delay (ms) 115
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Lokasi Perhitungan Delay
Waktu Kirim 14:47:49.354
Mesin Waktu Terima 14:47:49.674
Delay (ms) 320
Waktu Kirim 11:15:10.532
Sipil Waktu Terima 11:15:10.672
Delay (ms) 140
Waktu Kirim 14:11:00.890
Geologi | Waktu Terima 14:11:01.148
Delay (ms) 258
Waktu Kirim 14:27:35.770
Perkapalan | Waktu Terima 14:27:36.094
Delay (ms) 324
Waktu Kirim 15:12:52.087
Classlroom Waktu Terima Tidak Terukur
Delay (ms) Tidak Terukur
Waktu Kirim 12:40:58.402
Classzroom Waktu Terima Tidak Terukur
Delay (ms) Tidak Terukur
) Waktu Kirim 14:02:26.000
ﬁj;ggﬁp Waktu Terima Tjdak'Terukur
Delay (ms) Tidak Terukur

Lampiran 10 Perhitungan throughput dan packet loss

Parkiran Gedung
Parameter . L . Classroom Parkiran
Elektro | Mesin Sipil | Geologi |Perkapalan Parkiran Mobill Parkiran Motor| Utama
Mulai Pengamatan [ 11:0052|14:47:49|11:15:10{14:11:00| 14:27:35 15:1252 12:4058 14:02:26
Selesai Pengamatan [ 11:05:58|14:52:59|11:20:21|14:16:06| 14:32:48 15:18:07 12:46:08 14:07:43
Lama Pengamatan (s)| 306 310 311 306 313 315 310 317
Total Length (bits) | 175256 | 177304 | 176328 | 178040 | 179712 179336 180192 182328
Throughput (bps) | 572.73 | 571.95 | 566.97 | 581.83 574.16 569.32 581.26 575.17
Paket Terkirim 305 309 310 303 310 314 307 314
Paket Diterima 289 300 296 292 286 0 0 0
Packet Loss (%) 5 3 5 4 8 100 100 100

Lampiran 11 Perhitungan RSSI

RSSI (dBm)
] N _ ) Classroom Parkiran
zlektro | Sipil | Geologi | Perkapalan | Mesin 1 ’ Utama
-107 -97 -105 -118 -111
-104 -98 -100 -118 -111
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RSSI (dBm)
No. . . . Classroom Parkiran
Elektro | Sipil | Geologi | Perkapalan | Mesin 1 Utama

3 -101 | -100 | -104 -118 -110 - -
4 -107 -98 -101 -118 -107 - -
5 -104 | -100 | -108 -119 -108 - -
6 -103 | -100 | -101 -119 -110 - -
7 -107 -99 -100 -119 -112 - -
8 -107 -97 -109 -118 -109 - -
9 -106 -96 -114 -118 -110 - -
10 -104 -96 -116 -120 -110 - -
11 -106 | -101 | -102 -119 -112 - -
12 -102 -98 -101 -119 -110 - -
13 -107 -91 -104 -118 -109 - -
14 -105 -95 -103 -118 -109 - -
15 -108 -95 -101 -118 -110 - -
16 -107 -93 -99 -119 -111 - -
17 -108 -94 -101 -120 -111 - -
18 -109 -93 -104 -119 -113 - -
19 -108 -92 -103 -119 -115 - -
20 -109 -93 -108 -119 -113 - -
21 -109 -93 -111 -119 -110 - -
22 -109 -92 -107 -119 -110 - -
23 -109 -95 -108 -119 -110 - -
24 -113 -92 -105 -118 -109 - -
25 -108 -93 -105 -119 -108 - -
26 -107 -94 -104 -118 -109 - -
27 -106 -93 -104 -119 -109 - -
28 -106 -93 -106 -118 -109 - -
29 -115 -95 -103 -117 -110 - -
30 -101 -95 -103 -118 -112 - -
31 -105 -93 -105 -118 -110 - -
32 -104 -93 -104 -118 -110 - -
33 -104 -94 -107 -118 -111 - -
34 -103 -92 -101 -117 -110 - -
-104 -92 -103 -117 -110 - -
-106 -93 -104 -118 -111 - -
-108 -92 -96 -118 -111 - -
-110 -92 -95 -118 -111 - -
-110 -92 -97 -118 -111 - -
-110 -92 -97 -118 -111 - -
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RSSI (dBm)
No. . . . Classroom Parkiran
Elektro | Sipil | Geologi | Perkapalan | Mesin 1 Utama
41 -101 -92 -95 -118 -111 - -
42 -101 -92 -98 -119 -110 - -
43 -101 -93 -101 -119 -110 - -
44 -102 -93 -102 -117 -110 - -
45 -103 -92 -100 -118 -111 - -
46 -101 -92 -101 -118 -111 - -
47 -100 -92 -102 -118 -110 - -
48 -102 -93 -102 -117 -110 - -
49 -109 -92 -100 -118 -111 - -
50 -107 -92 -98 -117 -111 - -
51 -106 -91 -100 -117 -110 - -
52 -101 -92 -96 -117 -111 - -
53 -100 -91 -95 -117 -111 - -
54 -107 -92 -95 -117 -111 - -
55 -100 -93 -96 -118 -110 - -
56 -105 -93 -97 -119 -110 - -
57 -108 -93 -96 -117 -110 - -
58 -111 -94 -98 -117 -110 - -
59 -110 -92 -99 -118 -110 - -
60 -106 -91 -97 -119 -110 - -
61 -113 -93 -98 -120 -110 - -
62 -103 -93 -102 -118 -110 - -
63 -100 -93 -99 -118 -110 - -
64 -101 -92 -103 -119 -110 - -
65 -101 -92 -103 -119 -111 - -
66 -102 -92 -98 -118 -110 - -
67 -102 -92 -99 -118 -109 - -
68 -101 -92 -98 -117 -110 - -
69 -103 -92 -95 -118 -109 - -
70 -102 -92 -96 -119 -110 - -
71 -102 -91 -97 -118 -110 - -
72 -103 -92 -96 -118 -110 - -
73 -104 -92 -96 -118 -110 - -
-104 -93 -97 -118 -109 - -
-106 -91 -98 -116 -110 - -
-107 -92 -101 -118 -110 - -
-103 -91 -101 -118 -110 - -
-105 -91 -99 -118 -110 - -
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RSSI (dBm)
No. . . . Classroom Parkiran
Elektro | Sipil | Geologi | Perkapalan | Mesin 1 Utama
79 -103 -91 -97 -118 -110 - -
80 -103 -91 -97 -117 -111 - -
81 -104 -91 -96 -118 -110 - -
82 -104 -92 -96 -117 -110 - -
83 -103 -93 -96 -117 -110 - -
84 -104 -92 -96 -118 -111 - -
85 -104 -94 -95 -117 -111 - -
86 -104 -93 -96 -118 -110 - -
87 -104 -93 -96 -118 -110 - -
88 -104 -93 -98 -119 -111 - -
89 -104 -94 -101 -118 -110 - -
90 -110 -95 -101 -119 -111 - -
91 -104 -94 -100 -118 -112 - -
92 -103 -92 -100 -117 -111 - -
93 -105 -93 -98 -116 -111 - -
94 -102 -91 -100 -117 -111 - -
95 -104 -94 -99 -118 -110 - -
96 -103 -93 -101 -117 -111 - -
97 -102 -93 -100 -118 -111 - -
98 -101 -93 -101 -118 -111 - -
99 -104 -94 -100 -118 -111 - -
-101 -93 -96 -118 -112 - -
-109 -93 -96 -118 -111 - -
-113 -91 -95 -118 -110 - -
-110 -94 -96 -118 -111 - -
-105 -93 -95 -117 -110 - -
-106 -93 -95 -117 -111 - -
-106 -93 -95 -118 -110 - -
-106 -94 -94 -118 -111 - -
-109 -92 -95 -118 -111 - -
-107 -92 -95 -119 -110 - -
-109 -92 -97 -120 -109 - -
-109 -93 -97 -118 -109 - -
-111 -92 -96 -118 -111 - -
-111 -93 -99 -119 -110 - -
-114 -92 -98 -119 -110 - -
-101 -92 -100 -119 -109 - -
-102 -92 -98 -118 -110 - -
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RSSI (dBm)
No. . . . Classroom Parkiran
Elektro | Sipil | Geologi | Perkapalan | Mesin 1 Utama
-105 -92 -99 -118 -111 - -
-105 -92 -97 -119 -110 - -
-104 -93 -97 -119 -110 - -
-106 -91 -98 -119 -110 - -
-105 -91 -97 -119 -110 - -
-103 -93 -97 -119 -110 - -
-103 -90 -98 -118 -110 - -
-107 -93 -98 -118 -110 - -
-111 -91 -101 -118 -110 - -
-105 -91 -98 -119 -110 - -
-101 -91 -96 -119 -110 - -
-102 -92 -96 -119 -111 - -
-101 -91 -97 -119 -110 - -
-103 -92 -96 -118 -111 - -
-103 -92 -98 -118 -111 - -
-103 -91 -98 -118 -111 - -
-103 -91 -100 -118 -111 - -
-103 -91 -100 -118 -110 - -
-104 -92 -99 -119 -111 - -
-105 -92 -98 -119 -110 - -
-104 -92 -98 -118 -110 - -
-104 -91 -98 -116 -109 - -
-104 -92 -98 -118 -109 - -
-102 -92 -98 -119 -110 - -
-105 -93 -98 -118 -111 - -
-105 -92 -101 -119 -110 - -
-104 -93 -99 -119 -110 - -
-106 -92 -99 -119 -109 - -
-104 -93 -98 -119 -110 - -
-105 -93 -98 -119 -110 - -
-104 -93 -100 -119 -110 - -
-104 -91 -96 -118 -109 - -
-103 -91 -118 -110 - -
-101 -92 -118 -110 - -
-104 -91 -119 -110 - -
-112 -93 -117 -110 - -
-114 -91 -118 -111 - -
-111 -91 -119 -110 - -
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RSSI (dBm)
No. . . . Classroom Parkiran
Elektro | Sipil | Geologi | Perkapalan | Mesin 1 Utama
-106 -93 -119 -112 - -
-103 -92 -119 -113 - -
-109 -93 -119 -110 - -
-107 -92 -117 -111 - -
-107 -93 -118 -108 - -
-106 -93 -119 -113 - -
-108 -93 -118 -111 - -
-102 -92 -119 -110 - -
-103 -92 -119 -114 - -
-102 -92 -119 -110 - -
-103 -92 -119 -110 - -
-107 -92 -119 -111 - -
-102 -94 -118 -114 - -
-103 -93 -118 -109 - -
-102 -94 -120 -107 - -
-104 -93 -119 -109 - -
-107 -93 -120 -112 - -
-107 -92 -120 -111 - -
-107 -93 -120 -114 - -
-107 -93 -119 -114 - -
-108 -93 -118 -111 - -
-108 -94 -119 -110 - -
-108 -93 -118 -110 - -
-106 -93 -119 -109 - -
-104 -93 -119 -114 - -
-103 -92 -118 -109 - -
-102 -93 -118 -110 - -
-102 -92 -118 -109 - -
-101 -90 -119 -111 - -
-101 -92 -120 -110 - -
-102 -91 -119 -112 - -
-100 -92 -119 -109 - -
-101 -91 -119 -110 - -
-103 -91 -119 -110 - -
-104 -91 -118 -113 - -
-106 -92 -119 -112 - -
-104 -91 -119 -111 - -
-104 -92 -118 -110 - -
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RSSI (dBm)
No. . . . Classroom Parkiran
Elektro | Sipil | Geologi | Perkapalan | Mesin 1 Utama
-105 -93 -119 -108 - -
-104 -93 -119 -109 - -
-105 -93 -119 -111 - -
-104 -93 -119 -113 - -
-103 -93 -119 -112 - -
-105 -93 -120 -109 - -
-104 -92 -119 -109 - -
-104 -93 -119 -108 - -
-105 -93 -119 -109 - -
-104 -92 -119 -109 - -
-104 -94 -117 -112 - -
-104 -91 -118 -111 - -
-104 -92 -118 -111 - -
-104 -93 -119 -112 - -
-104 -93 -118 -110 - -
-106 -93 -118 -108 - -
-106 -91 -118 -109 - -
-105 -91 -118 -109 - -
-105 -93 -117 -110 - -
-105 -92 -118 -110 - -
-105 -91 -118 -110 - -
-107 -91 -119 -111 - -
-104 -93 -118 -111 - -
-103 -91 -119 -111 - -
-101 -93 -120 -113 - -
-105 -92 -118 -109 - -
-108 -92 -118 -107 - -
-103 -92 -118 -113 - -
-104 -92 -119 -112 - -
-103 -92 -119 -110 - -
-105 -92 -119 -109 - -
-101 -92 -120 -108 - -
-106 -91 -118 -112 - -
-106 -93 -118 -109 - -
-106 -93 -118 -113 - -
-110 -93 -119 -108 - -
-108 -93 -120 -109 - -
-105 -93 -119 -112 - -
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RSSI (dBm)
No. . . . Classroom Parkiran
Elektro | Sipil | Geologi | Perkapalan | Mesin 1 Utama
-105 -93 -119 -106 - -
-103 -92 -119 -109 - -
-102 -92 -118 -112 - -
-113 -92 -118 -106 - -
-102 -92 -119 -106 - -
-115 -92 -119 -110 - -
-102 -92 -119 -109 - -
-105 -93 -119 -107 - -
-101 -92 -119 -111 - -
-106 -93 -119 -110 - -
-105 -93 -118 -109 - -
-105 -93 -119 -111 - -
-103 -93 -118 -109 - -
-106 -93 -119 -109 - -
-104 -93 -118 -109 - -
-106 -93 -118 -112 - -
-101 -93 -118 -112 - -
-107 -91 -118 -111 - -
-107 -92 -118 -112 - -
-102 -92 -119 -112 - -
-104 -93 -119 -110 - -
-104 -92 -118 -111 - -
-105 -93 -118 -109 - -
-106 -94 -118 -108 - -
-104 -93 -119 -106 - -
-104 -92 -119 -109 - -
-105 -93 -119 -110 - -
-105 -93 -119 -110 - -
-103 -93 -119 -109 - -
-104 -94 -119 -112 - -
-102 -94 -118 -112 - -
-103 -94 -118 -112 - -
-104 -92 -118 -108 - -
-104 -92 -118 -109 - -
-110 -92 -119 -108 - -
-108 -94 -119 -109 - -
-104 -94 -119 -109 - -
-107 -93 -119 -109 - -




133

RSSI (dBm)

No. . . . Classroom Parkiran

Elektro | Sipil | Geologi | Perkapalan | Mesin 1 5 Utama
269 -106 -94 -118 -114 - - -
270 -106 -94 -119 -109 - - -
271 -102 -93 -119 -108 - - -
272 -103 -93 -118 -109 - - -
273 -102 -93 -118 -108 - - -
274 -106 -92 -118 -110 - - -
275 -102 -93 -117 -110 - - -
276 -101 -93 -118 -110 - - -
277 -101 -93 -117 -110 - - -
278 -101 -91 -118 -110 - - -
279 -101 -93 -118 -110 - - -
280 -101 -92 -118 -106 - - -
281 -101 -92 -117 -110 - - -
282 -104 -91 -118 -111 - - -
283 -102 -93 -119 -110 - - -
284 -104 -93 -117 -109 - - -
285 -106 -93 -117 -109 - - -
286 -106 -91 -118 -113 - - -
287 -106 -91 -112 - - -
288 -105 -93 -111 - - -
289 -104 -92 -112 - - -
290 -91 -111 - - -
291 -92 -111 - - -
292 -94 -112 - - -
293 -94 -113 - - -
294 -93 -111 - - -
295 -94 -110 - - -
296 -94 -110 - - -
297 -110 - - -
298 -111 - - -
Rata | 105 | 99| 00 | s o | Rl TR
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Lampiran 12 Pengujian untuk daerah line of sight

134

Jenis Pengujian Kategori
g4 Berhasil Tidak
Pengiriman Informasi N
Percobaan | 1 | 2 | 3| 4|5 |6 [ 7] 8|9 |10]11]12]13]14] 15 |Rata-Rata
RSSI (dBm)|-225|-225]-225|-225]-225|-225|-225|-225|-225]-224]-224] -224]-223]-223]-223| -224.4
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