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ABSTRAK

RANCANG BANGUN WIRELESS SENSOR NETWORK SEBAGAI SISTEM
MONITORING EMISI GAS BUANG GENSET BERBASIS INTERNET OF
THINGS WEB DI BANDARA ZAINUDDIN ABDUL MADJID LOMBOK

Oleh:
Muhammad Maulana Zulkarnain
NIT. 30121017

Genset adalah catu daya cadangan yang umum digunakan di bandara saat
pemadaman listrik. Gas buang dari genset dapat mencemari udara dan berbahaya
bagi kesehatan manusia. Saat ini, pengecekan emisi gas buang dilakukan secara
manual oleh teknisi, yang berisiko bagi keselamatan mereka. Penelitian ini
bertujuan membuat alat pendeteksi gas buang genset menggunakan mikrokontroler
Arduino Uno yang dimonitoring secara wireless dengan LoRa. Alat ini
menggunakan sensor MQ-135 untuk nitrogen oksida dan MQ-7 untuk karbon
monoksida, yang diproses oleh Arduino dan dimonitor dengan modul ESP32
melalui aplikasi [oT.

Penelitian juga memonitor emisi gas buang dari genset dengan berbagai
kapasitas menggunakan pendekatan fuzzy logic, mengukur emisi pada jarak 10 cm,
30 cm, dan 100 cm dari sumber, serta suhu di sekitar genset. Data juga dikumpulkan
menggunakan sensor LoRa di berbagai lokasi hingga 310 m. Kriteria fuzzy logic
membagi emisi dan suhu menjadi tiga kategori: Normal, Sedang, dan Bahaya.

Hasil menunjukkan sebagian besar pengukuran emisi dalam kategori
Normal, dengan penurunan emisi dan suhu seiring bertambahnya jarak. Sensor
LoRa efektif hingga 200 m, tetapi tidak pada jarak lebih dari 255 m. Disarankan
untuk memperluas jarak pemantauan, meningkatkan frekuensi pengukuran, dan
menggunakan sensor yang lebih canggih untuk akurasi lebih baik. Integrasi dengan
sistem peringatan dini juga direckomendasikan untuk tindakan preventif. Penelitian
ini menegaskan pentingnya pemantauan jarak untuk menjaga keamanan lingkungan
sekitar genset.

Kata kunci : Genset, Sensor suhu DS18B20, Sensor gas MQ-135, sensor gas MQ-
7, mikrokontroler ESP 32, LORA



ABSTRACK

DESIGN AND DEVELOPMENT OF A WIRELESS SENSOR NETWORK FOR
GENSET EXHAUST EMISSION MONITORING SYSTEM BASED ON IOT WEB
AT ZAINUDDIN ABDUL MADJID LOMBOK AIRPORT

By:
Muhammad Maulana Zulkarnain
NIT. 30121017

Generators (gensets) are commonly used as backup power sources in
airports during power outages. The exhaust gases emitted by gensets can cause air
pollution and pose serious health risks if inhaled by humans. Currently, technicians
manually check the exhaust gas levels on-site, which endangers their safety. This
study aims to develop a genset exhaust gas detection device using an Arduino Uno
microcontroller monitored wirelessly via LoRa. The device employs MQ-135
sensors for detecting nitrogen oxides and MQ-7 sensors for detecting carbon
monoxide. The sensor readings are processed by an Arduino receiver and
transmitted to an ESP32 module for monitoring through an IoT application.

Additionally, the study monitors exhaust gas emissions from gensets of
various capacities using a fuzzy logic approach. Emissions were measured at
distances of 10 cm, 30 cm, and 100 cm from the exhaust source, along with the
ambient temperature around the genset. Data were also collected using LoRa
sensors at various locations, ranging from 75 m to 310 m. The fuzzy logic criteria
categorize emissions and temperature into three levels: Normal, Moderate, and
Hazardous.

The results indicate that most emission measurements fall within the Normal
category, with emissions and temperatures decreasing as the distance from the
source increases. LoRa sensors were effective up to a distance of 200 m but failed
to record data beyond 255 m. It is recommended to extend the monitoring range,
increase measurement frequency, and utilize more advanced sensors for better
accuracy and reliability. Integration with an early warning system is also suggested
for more effective preventive measures. This study underscores the importance of
maintaining an appropriate monitoring distance to ensure the safety of the
environment around gensets.

Keywords: Genset, DS18B20 temperature sensor, MQ-135 gas sensor, MQ-7 gas
sensor, ESP 32 microcontroller, LORA
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LAMPIRAN
Lampiran A Standar Operasional Prosedur (SOP) ALAT

RANCANG BANGUN WIRELESS SENSOR NETWORK SEBAGAI SISTEM
MONITORING EMISI GAS BUANG GENSET BERBASIS INTERNET OF
THINGS WEB DI BANDARA ZAINUDDIN ABDUL MAJID LOMBOK

Oleh :

Muhammad Maulana Zulkarnain

30121017

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:

1. Siapkan alat dan komponen”

2. Pasang adaptor 12Volt ke sumber PLN

3. Pastikan koneksi internet handphone dengan koneksi internet esp32
menggunakan jaringan yang sama

4. Buka web server, jika sudah terconnect monitoring sudah berhasil
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Setelah itu arahkan sensor ke emisi yang akan diuji
Lihat Web server apakah data sudah masuk dan termonitoring
Jika sudah masuk bisa menyimpan data monitoring yang otomatis tersave

menjadi PDF.
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Lampiran C Coding

// include Library
#include <Wire.h> // komuniskasi i2¢c
#include "LoRa E32.h"
#include <OneWire.h>
#include <DallasTemperature.h>
#include <LiquidCrystal 12C.h>
#include "MQ7.h"

// end

// set PIN
#define PINSUHU 25
#define BUZZER 27
#define MQ135 35
#define MQ7PIN 34
// end

[} =---- Untuk Temperatur ----------- //
OneWire pin_ DS18B20(PINSUHU);
DallasTemperature DS18B20(&pin_DS18B20);
float suhuvalue = 0;

// end //

// Set 12C LCD
LiquidCrystal 12C led(0x27, 16, 2);
static unsigned long prevMillisLCD = 0;
int lcd_count = 0;

// end

/I Setup Fuzzy
// deklarasi jumlah memnership / sensor
#define jml mf mql35 3
#define jml mf mq7 3
#define jml_mf suhu 3
// end

// deklarasi range sensor
// mql135
#define min_mql1350
#define max_mq135 3000



// mq7
#define min_mq7 0
#define max_mq7 500

// kelembapan

#define min_suhu 0

#define max_suhu 100
// end

// deklarasi nama index
#define Baik 0
#define Sedang 1
#define Bahaya 2

// end

// deklarasi nilai range sensor
// mql135
double mf mq135 [3][3] = {
{0, 500, 750}, // Baik
{700, 1500, 2000}, // Sedang
{1900, 2500, 3000} // Bahaya

53

/l mq7
double mf mq7 [3][3] = {

{0, 250, 500}, // Baik

{450, 750, 1000}, // Sedang
{950, 1250, 1500} // Bahaya

3

// suhu
double mf suhu [3][3] = {
{0, 30, 60}, // Baik
{30, 60, 80}, / Sedang
{60, 80, 100} // Bahaya

¥
// end

// deklarasi aturan rule base
double rule[28];
double bobot mql135[jml_mf mql35];
double bobot mq7[jml_mf mq7];



double bobot_suhu[jml_mf suhu];

double mf KualitasUdara[] = {5, 10, 20};
String HasilKualitasUdara;
// end
/// end

#define VOLTAGE 5

// set Lib. LoRa

TaskHandle t TaskCekLora;

LoRa E32 e32ttl100(&Serial2, 15, 21, 19);
// end

float ValueMq135, ValueMq7, Suhu;
String StatusLora = "ERR";

unsigned long previousMillis = 0;
const long interval = 7000;

// set Library Mq7
MQ7 mq7(MQ7PIN, VOLTAGE);
// end

int LCDCounting = 1;

void setup() {
lcd.begin();
DS18B20.begin();
e32tt1100.begin();
Serial.begin(9600);

pinMode(BUZZER, OUTPUT);
led_setup(1);
led_setup(2);

xTaskCreatePinnedToCore(
TaskCekLoraFunc, /* Function to implement the task */
"TaskSendData", /* Name of the task */

10000, /* Stack size in words */
NULL, /* Task input parameter */
1, /* Priority of the task */



&TaskCekLora, /* Task handle. */

1 /* Core where the task should run */
)
beepBuzzer(3);

led_setup(3);
beepBuzzer(2);

void loop() {
float GetRawMQ135 = ReadRaw(MQ135);
ValueMq135 =MQ135 getPPMV2(GetRawMQ135);

float GetRawMQ7 = ReadRaw(MQ7PIN);
ValueMq7 = MQ7_getPPM(GetRawMQ7);

Suhu = get suhu();

float mg135 = Mg NOX(ValueMq135);
float mg7 = Mg CO(ValueMq7);

float defuzzy_ KualitasUdara = HasilFuzzy(mg135, mg7, Suhu); // mql135, mq7,
suhu
String KondisiFuzzy ="";

if (defuzzy KualitasUdara >= 0 && defuzzy KualitasUdara <= 7){
KondisiFuzzy = "Normal";

}

else if (defuzzy KualitasUdara >= 8 && defuzzy KualitasUdara <= 15){
KondisiFuzzy = "Sedang";

}

else if (defuzzy KualitasUdara >= 16 && defuzzy KualitasUdara <= 25){
KondisiFuzzy = "Bahaya";

}

String protokol = String(mg135, 2) +";" + String(mg7, 2) +";" + String(Suhu, 2)
+";" + String(defuzzy KualitasUdara);

Serial.println(protokol);

e32ttl1100.sendMessage(protokol + "\n");

led Main(defuzzy KualitasUdara, KondisiFuzzy, mg7, mgl35);

delay(100);
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Lampiran D Datasheet Perangkat Keras

D.1 ESP32 DEV KIT V1

[ DOIT ESP32 DEVKIT Vi MLl

HE)— EREE
DR
ol TN
CHE € EE
or=T. T
THIED O
) R 3
(5 - I
o Tin
el Tin

&

PHYSICAL PIN FOSITIVE SUPPLY
CONTROL PINS GROUND SUPPLY
GPIOPINS ADC INPUTS

EXCLUDED PINS

ESP-WROOM-32

G018 Ciko

FCOIDAACTI ESPWROOMT

#6810 pins 34,36, 38 ard 30 e it eny.
sl pragramming

Serla2.

" ancl HSP pine can be set o any B0 pns.

+RNGRI0 inssupyart PN and lerups.

s v nkeracing o memury s et shwn,

CIRCUITSTATE

D-1



2 Pin Definition

2. Pin Definition

2.1 Pin Layout
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Figure 3: ESP32-C3 Pin Layout (Top View)

2.2 Pin Description

Table 2: Pin Description

Name No. | Type Power Domain | Function
LNA_IN 1 /0 — RF input and output
VDD3P3 2 Pa — Analog power supply
VDD3P3 3 Pa — Analog power supply
XTAL_32K_P 4 1/0/T VDD3P3_RTC | GPIOO, ADC1_CHO, XTAL_32K P
XTAL_32K_N 5 170/t VDD3P3_RTC | GPIO1, ADC1_CH1, XTAL_32K_N
GPIO2 6 1/o/T VDD3P3_RTC | GPIO2, ADC1_CH2, FSPIQ
Espressif Systems 10 ESP32-C3 Series Datasheet v1.1

Submit Documentation Feedback
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D.2 Sensor MQ-135

TECHNICAL DATA

FEATURES

Wide detecting scope
Stable and long life

APPLICATION
They are used in air quality control equipments for buildings/offices, are suitable for detecting

of NH3.NOXx, alcohol, Benzene, smoke,CO, .etc.

MQ-135 GAS SENSOR

Fast response and High sensitivity
Simple drive circuit

SPECIFICATIONS
A. Standard work condition

Symbol P; name Technical condition Remarks

Ve Circuit voltage 5V=0.1 AC OR DC

Vy Heating voltage 5V£0.1 ACOR DC

Ry Load resistance can adjust

Ry Heater 33Q+5% Room Tem

Py Heating consumption less than 800mw

B. Environment condition
Symbol Parameter name Technical condition Remarks

Tao Using Tem -1001-45

Tas Storage Tem -2001-70

| Ry Related humidity less than 95%Rh
0, Oxygen concentration 21%(standard dition)Oxygen value is
concentration can affect sensitivity | over 2%

C. Sensitivity characteristic
Symbol P name Technical Ramark 2
Rs Sensing 30KQ-200KQ Detecting concentration

Resistance (100ppm NH3 ) scopell
10ppm-300ppm NHj
a Concentration 10ppm-1000ppm

(200/50) Slope rate <0.65 Benzene

NH; 10ppm-300ppm
Standard Temp: 207 #2[1 Vei5V£0.1 Alcohol
Detecting Humidity: 65%%5% Vh: 5V%0.1
Condition
Preheat time Over 24 hour

D. Structure and configuration, basic measuring circuit

2 1
Parts Materials
1 | Gas sensing SnO;
layer 4 4
2 | Elecwode Au =
3 | Electrode hne Pt 3
4 | Heater coil NiCralloy
5 | Tubular ceramic | ALO; H
6 | Antr-explosion Stainless steel gauze
network (SUS316 100-mesh) | £ 7
7_| Clamp ring Copper platingNi | ) A B
8 | Resin base Bakelite 8
9 | Tube Py Copper plating Ni 3
in o] ting Ni e, 9 " Fig.2
Fig. 1
Configuration A Configuration B
|
[}
ta taes

Structure and configuration of MQ-135 gas sensor is shown as Fig. 1 (Configuration A or B), sensor composed by
micro AL203 ceramic tube, Tin Dioxide (SnO2) sensitive layer, measuring electrode and heater are fixed into a
crust made by plastic and stainless steel net. The heater provides necessary work conditions for work of sensitive
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components. The enveloped MQ-135 have 6 pin 4 of them are used to fetch signals, and other 2 are used for
providing heating current.

Electric parameter measurement circuit is shown as Fig.2

E. Sensitivity characteristic curve

Fig.2 sensitivity characteristics of the MQ-135

MO-135 Fig.3 is shows the typical
10 —H sensitivity characteristics of
1T the MQ-135 for several gases.
[ L1 in their: Temp: 200
= AR Humidity: 65%[
R H O, concentration 21%
— —e— || RL=20kQ
—— YT Ro: sensor resistance at 100ppm of
E; ——n NH; in the clean air.
T~ S Rs:sensor resistance at various
- vex 1
\\\\ T . concentrations of
N~ —_— gases.
% 1 \§\\ Rl a
o = =
—
pp|
0.1
10 100 1000
e | Fig4 i i
& g.4 is shows the typical dependence of
l\.‘k I == %m the MQ-135 on temperature and humidity.
(o) 19 ~ —=— 859 Ro: sensor resistance at 100ppm of NH; in air
14 ol e e at 33%RH and 20 degree.
ﬁ -8 ] Rs: sensor resistance at 100ppm of NH3
14 o6 at different temperatures and humidities.
ot F1g1.4
o
L aegree
2 1 9
-0 100 0 20 N 40 50 60
SENSITVITY ADJUSTMENT

Resistance value of MQ-135 is difference to various kinds and various concentration gases. So,When using
this components, sensitivity adjustment is very necessary. we recommend that you calibrate the detector for
100ppm NH; or 50ppm Alcohol concentration in air and use value of Load resistancethat( Ry ) about 20 KQ(10KQ
to 47 KQ).

When accurately measuring, the proper alarm point for the gas detector should be determined after
considering the temperature and humidity influence.
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D.3 Sensor MQ-7

HANWEI ELECTRONICS CO ., LTD

MQ-7

http//www.hwsensor.com

TECHNICAL DATA

FEATURES
* High sensitivity to carbon monoxide

*

Stable and long life

APPLICATION
They are used in gas detecting equipment for carbon monoxide(CO) in family and

industry or car.
SPECIFICATIONS
A. Standard work condition

MQ-7 GAS SENSOR

Symbol Parameter name Technical condition Remark

Ve circuit voltage 5V+0.1 Ac or Dc

VH (H) Heating voltage (high) 5V+0.1 AcorDc

VH(L) Heating voltage (low) 1.4V+0.1 AcorDc

RL Load resistance Can adjust

Ru Heating resistance 33Q +5% Room temperature

TH (1) Heating time (high) 60+ 1 seconds

THD Heating time (low) 90+ 1 seconds

PH Heating consumption About 350mW

b. Environment conditions

Symbol | Parameters Technical conditions Remark

Tao Using temperature -20C-50C

Tas Storage temperature -20°C-50C Advice using scope

RH Relative humidity Less than 95%RH

02 Oxygen concentration | 21%(stand condition) Minimum value is over 2%
the oxygen concentration can
affect the sensitivity
characteristic

c.  Sensitivity characteristic

symbol Parameters Technical parameters | Remark
Rs Surface resistance In 100ppm

Of sensitive body 2-20k Carbon Monoxide
a (300/100ppm) | Concentration slope rate Less than 0.5 Rs (300ppm)/Rs(100ppm)
Standard working | Temperature -20°'C £2°C relative humidity 65%+5% RL:10K Q +5%
condition Ve:i5V+0.1V VHISVE0.1V VH:1.4V£0.1V
Preheat time No less than 48 hours Detecting range:

20ppm-2000ppm carbon monoxide

D. Structure and configuration, basic measuring circuit
Structure and configuration of MQ-7 gas sensor is shown as Fig. 1 (Configuration A or B),

sensor composed by micro AL203 ceramic tube, Tin Dioxide (SnO2) sensitive layer, measuring
electrode and heater are fixed into a crust made by plastic and stainless steel net. The heater

provides necessary work conditions for work of sensitive components. The enveloped MQ-7 have

TEL:86-371-67169070 67169080

FAX:86-371-67169090

Email: sales@hwsensor.com

D-5



HANWEI ELECTRONICS CO ., LTD MQ-7

http://www.hwsensor.com

6 pin .4 of them are used to fetch signals, and other 2 are used for providing heating current.

Parts

Gas sensing
layer

SnO;

Electrode

Heater cail

Electrode line
Ni-Cr alloy

Tubular ceramic

ALO3

Ann-explosion
network

Stamless steel gauze
(SUS316 100-mesh)

Clamp ring

Resin _base

Bakelite

lating Ni

ofoo] a\m&lwlul 2

Tube Pin

g Ni

Fig.1

Copper plating

?16 917,82

22.5
s
)
&l

TT

#17.5

Standard circuit:

Heating voltage 1 4v (Low) 90s Fig2

Electric parameter measurement circuit is shown as  Fig.2
E. Sensitivity characteristic curve

~%— Alcohol
—e—air

e [ TT1T
10 100 1000 10000

Fig.3 sensitivity characteristics of the MQ-7

TEL:86-371-67169070 67169080 FAX:86-371-67169090

As shown in Fig 2, standard measuring circuit of
MQ-7 sensitive components consists of 2 parts. one
is heating circuit having time control function (the
high voltage and the low voltage
circularly ). The second is the signal output circuit,
it can accurately respond changes of surface
resistance of the sensor.

Fig.3 is shows the typical

sensitivity characteristics of

the MQ-7 for several gases.
in their: Temp: 20C |
Humidity: 65%.
O, concentration 21%
RL=10k Q

Ro: sensor resistance at 100ppm

COin the clean air.
Rs: sensor resistance at various

concentrations of gases.

Email: sales@hwsensor.com
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D.4 LORA

ray
' ) SEMTECH

SX1276/77/78

WIRELESS & SENSING

SX1276/77/78 - 137-1050 MHz Ultra Low Power Long Range Transceiver L;Ra'
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GENERAL DESCRIPTION

Semtech’s SX1276/77/78 family provides ultra long range
while maintaining low current consumption, making it
optimal for numerous applications.

With Semtech’s patented modulation technique the device
can achieve sensitivity of over -140 dBm using a low cost
crystal and bill of materials. The high sensitivity combined
with the integrated +20 dBm power amplifier creates the
highest link budget making it optimal for any application
requiring range. This modulation technique also provides
significant advantages in blocking and selectivity over FSK.
The devices also support high performance (G)FSK for
WMBuUs, FCC Part 90, 15.4g, and other legacy modes.
Semtech’s technology overcomes a typical trade-off of
performance versus current consumption. The devices
deliver exceptional phase noise, selectivity, receiver
linearity, and 11P3 for significantly lower current consumption
than competing devices.

The devices cover the major ISM bands from 137 MHz to
1050 MHz. For ease of matching, low BOM cost, and higher
performance the SX1276/77/78 family offers separate high
band and low band support for applications wanting to cover
dual bands for world-wide operation, dual band support, or
security against future band allocation changes.

APPLICATIONS

¢ Automated Meter Reading

* Wireless Sensor Networks

¢ Home and Building Automation

* Wireless Alarm and Security Systems
# Industrial Monitoring and Control

KEY PRODUCT FEATURES

168 dB maximum link budget

+20 dBm - 100 mW constant RF output vs. V supply
+14 dBm high efficiency PA

Programmable bit rate up to 300 kbps

High sensitivity: down to -146.5 dBm

Bullet-proof front end: 1IP3 = -12 dBm

100 dB blocking immunity

Low RX current of 10 mA, 200 nA register retention
Fully integrated synthesizer with a resolution of 61 Hz
FSK, GFSK, MSK, GMSK, LORA and OOK modulations
Built-in bit synchronizer for clock recovery

Sync word recognition

Preamble detection

115 dB+ Dynamic Range RSSI

Automatic RF Sense with ultra-fast AFC

Packet engine up to 64 bytes with CRC

L 2R R I TR R 2 R IR R DR I R R R R IR 2

Built-in temperature sensor and Low Battery indicator

ORDERING INFORMATION

Part Number Delivery MOQ / Multiple
SX1276 T&R 3000 pieces
SX1277 T&R 3000 pieces
SX1278 T&R 3000 pieces

Rev. 0.0 11th July 2012
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D.5 Sensor DS1820B

PRELIMINARY

DS18B20
ﬂ- DA LAS Programmable Resolution
W SEMICONDUCTOR 1-Wire® Digital Thermometer

ww.dalsemi.com

FEATURES PIN ASSIGNMENT
Umque 1-Wire interface requires only one
port pin for communication —

=  Multidrop capability simplifies distributed DS1820
temperature sensing applications

= Requires no external components

= Can be powered from data line. Power supply
range is 3.0V to 5.5V

= Zero standby power required

= Measures temperatures from -55°C to
+125°C. Fahrenheit equivalent is -67°F to
+257°F ne (11} 8 [1[]nc

= *(.5°C accuracy from -10°C to +85°C

= Thermometer resolution is programmable NC [D: 2 7 :D] NC

from 9 to 12 bits . ) Voo L1 ]| 2 6 | [[]nc

BOTTOM VIEW

DS18B20 To-92
Package

= Converts 12-bit temperature to digital word in % 8 o)
750 ms (max.) © > pa D]: 4 5 :[D GND
= User-definable, nonvolatile temperature alarm
settings DS18B20Z
= Alarm search command identifies and 8-Pin SOIC (150 mil)
addresses devices whose temperature is
outside of programmed limits (temperature PIN DESCRIPTION
alarm condition) GND - Ground
= Applications include thermostatic controls, DQ - Data In/Out
industrial systems, consumer products, Vpp - Power Supply Voltage
thermometers, or any thermally sensitive NC  -No Connect
system
DESCRIPTION

The DS18B20 Digital Thermometer provides 9 to 12-bit (configurable) temperature readings which
indicate the temperature of the device.

Information is sent to/from the DS18B20 over a 1-Wire interface, so that only one wire (and ground)
needs to be connected from a central microprocessor to a DS18B20. Power for reading, writing, and
performing temperature conversions can be derived from the data line itself with no need for an external
power source.

Because each DS18B20 contains a unique silicon serial number, multiple DS18B20s can exist on the
same 1-Wire bus. This allows for placing temperature sensors in many different places. Applications
where this feature is useful include HVAC environmental controls, sensing temperatures inside buildings,
equipment or machinery, and process monitoring and control.

10f27 050400



Lampiran E Daftar Riwayat Hidup

DAFTAR RIWAYAT HIDUP

MUHAMMAD MAULANA ZULKARNAIN,
lahir di Mojokerto pada tanggal 14 Maret 2002,
putra kedua dari dua bersaudara, dari pasangan
Bapak Nur Khafid Seorang Guru dan Ibu Wiwik
Hidayati sebagai ibu rumah tangga. Mempunyai 2
saudara kandung, kakak Muhammad Syukron
Asrofi dan adik Muhammad Agqillul Mahbub
Beragama Islam. Bertempat tinggal di Dusun
Lamongan Desa Kalipuro, Kecamatan Pungging,
Kabupaten Mojokerto, Provinsi Jawa Timur.
Dengan pendidikan formal yang pernah diikuti
sebagai berikut :

1. SD Negeri 2 Mojosari (lulus pada tahun 2014)

2. SMP Negeri 3 Peterongan (lulus pada tahun 2017)

3. SMA Darul Ulum 1 Peterongan (lulus pada tahun 2020)

Pada bulan November 2021 diterima sebagai Taruna di Politeknik
Penerbangan Surabaya Program Studi D3 Teknik Listrik Bandara angkatan
XVI. Melaksanakan On The Job Training 1 (OJT) di Bandar Udara
Kalimarau Berau mulai dari 08 Mei 2023 sampai dengan 12 Septermber
2023. Dan melaksanakan On The Job Training 2 (OJT) di Bandar Udara
Zainuddin Abdul Majid Lombok dari 03 Oktober sampai 29 Februari 2024.
Telah melaksanakan Proyek Akhir sebagai syarat kelulusan dalam
Pendidikan di Politeknik Penerbangan Surabaya.



