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ABSTRAK

Irfani Andi Arifianto, ”Rancang Bangun Sistem Monitoring dan Proteksi Kelistrikan Secara Real-Time dengan
Komunikasi LoRa Berbasis Mikrokontroler”, Program SI Teknik Elektro, Fakultas Teknik dan Sains,
Universitas Nasional, di bawah bimbingan Ir. Ruliyanto, S.T., M.T., Ph.D. dan W. G. Adhyartha Usse Keraf,
ST, MM., M.TL, Agustus 2025, 81 halaman + xiii + 8 lampiran

Rumah Sakit sebagai fasilitas kesehatan primer memiliki peran penting dalam pelayanan
medis yang sangat bergantung pada ketersediaan listrik yang stabil dan aman. Namun, dalam
praktiknya, instalasi listrik di Rumah Sakit rentan mengalami gangguan seperti arus bocor
(leakage current), tegangan lebih (overvoltage), dan tegangan rendah (undervoltage) yang
dapat membahayakan pengguna dan merusak perangkat medis. Sistem proteksi
konvensional seperti MCB, ELCB, atau AVR hanya memberikan perlindungan dasar dan
belum mampu memberikan informasi parameter kelistrikan secara real-time maupun
mengirim notifikasi jarak jauh. Oleh karena itu, penelitian ini bertujuan untuk merancang
dan mengimplementasikan sistem monitoring dan proteksi kelistrikan real-time berbasis
ESP32 dan LoRa yang mampu mendeteksi gangguan secara otomatis dan memberikan
peringatan kepada pengguna melalui LCD lokal dan Telegram bot. Sistem menggunakan
ESP32 sebagai unit pemroses utama, terintegrasi dengan sensor PZEM-004T untuk
mengukur tegangan, arus fasa, arus netral, arus bocor, daya, faktor daya. Data sensor dikirim
melalui komunikasi LoRa (E220-900T22D) antara transmitter (Arduino Nano) dan Receiver
(ESP32), dengan jangkauan hingga 305 m pada area terbuka (RSSI sekitar —106 dBm) dan
hingga 200 m pada area pemukiman padat (RSSI sekitar 108 dBm), menunjukkan performa
yang stabil pada kondisi lingkungan berbeda. Hasil pengujian menunjukkan sistem mampu
memantau parameter kelistrikan dengan akurasi tinggi terhadap kWh meter digital: tegangan
99,66% (selisih maks. 0,8 V), arus 98,87% (selisih maks. 0,01 A), daya 99,28% (selisih
maks. 1,6 W), faktor daya 99,00% dan (selisih maks. 0,01). Untuk proteksi, sistem dirancang
memutus beban secara otomatis berdasarkan ambang batas undervoltage, overvoltage, dan
arus bocor yang sudah ditentukan pada setpoint di Telegram bot.. Dalam kondisi tersebut,
buzzer akan aktif dan notifikasi dikirim secara real-time ke Telegram. Dengan demikian,
sistem ini tidak hanya meningkatkan keselamatan instalasi listrik melalui deteksi dini
gangguan dan pemutusan otomatis, tetapi juga menyediakan monitoring detail dan kendali
jarak jauh berbasis internet. Sistem terbukti andal untuk menjaga kestabilan dan keselamatan
instalasi listrik di Rumah Sakit , terutama pada lokasi dengan keterbatasan akses teknis.

Kata kunci: Mikrokontroller, LoRa, Proteksi Otomatis, PZEM-004T, loT

Vil Universitas Nasional



ABSTRACT

Irfani Andi Arifianto, "Design of a Microcontroller-Based Real-Time Electrical Monitoring and Protection
System with LoRa Communication"”, Electrical Engineering Undergraduate Program, Faculty of Engineering
and Science, Nasional University, under the guidance of Ir. Ruliyanto, S.T., M.T., Ph.D. and W. G. Adhyartha
Usse Keraf, S.T., M.M., M.TI., August 2025, 81 pages + xiii + 8 appendices.

Hospitals as primary healthcare facilities play a crucial role in providing medical services,
relying heavily on stable and secure electricity. However, in practice, hospital electrical
installations are vulnerable to disturbances such as leakage current, overvoltage, and
undervoltage, which can endanger users and damage medical devices. Conventional
protection systems such as MCBs, ELCBs, or AVRs only provide basic protection and are
unable to provide real-time electrical parameter information or send remote notifications.
Therefore, this study aims to design and implement a real-time electrical monitoring and
protection system based on ESP32 and LoRa that is capable of automatically detecting
disturbances and providing alerts to users via a local LCD and Telegram bot. The system
uses ESP32 as the main processing unit, integrated with the PZEM-004T sensor to measure
voltage, phase current, neutral current, leakage current, power, power factor, and
frequency. Sensor data is sent via LoRa communication (E220-9001T22D) between
transmitter (Arduino Nano) and Receiver (ESP32), with a range of up to 305 m in open areas
(RSSI around —106dBm) and up to 200 m in densely populated areas (RSSI around —108
dBm), demonstrating stable performance in different environmental conditions. Test results
show the system is able to monitor electrical parameters with high accuracy against a digital
kWh meter: voltage 99.66% (max. difference 0.8 V), current 98.87% (max. difference 0.01
A), power 99.28% (max. difference 1.6 W) and power factor 99.00% (max. difference 0.01).
For protection, the system is/designed to_automatically disconnect the load based on the
thresholds of undervoltage, overvoltage, and leakage current that have been determined at
the setpoint in the Telegram bot. In these conditions, the buzzer will be activated and
notifications are sent in real-time to Telegram. Thus, this system not only improves the safety
of electrical installations . through early detection of /disturbances and automatic
disconnection, but also provides detailed monitoring and internet-based remote control. The
system has proven reliable in maintaining the stability-and safety of electrical installations
in hospitals, especially in locations with limited technical access.

Keywords: Microcontroller, LoRa, Automatic Protection, PZEM-004T, Internet of Things
(IoT)

viil Universitas Nasional



DAFTAR ISI

HALAMAN JUDUL. ...ttt ettt sseese e ssaeseenseeneeseenns i
PERNYATAAN KEASLIAN SKRIPSI ..ot il
PERSETUJUAN ...ttt ettt ettt et e st e et eenbeesseesabeeaeeens il
HALAMAN PENGESAHAN ..ottt sttt sneens v
KATA PENGANTAR ..ottt et ettt \%
HALAMAN PERNYATAAN PERSETUJUAN PUBLIKASI ..........ccocooviiiiieeeee. vi
ABSTRAK ..ottt ettt sttt et st vii
ABSTRACT ...ttt st st b st e bt e b st e ah et e e eneeneeeneeenean viii
DAFTAR IST ..ottt ettt eh et ettt e bt et ettt eatesaeeteeanenaeens X
DAFTAR GAMBAR ... ettt ettt e et ettt e eneebeeneesaeenseeneesaeens xi
DAFTAR TABEL ..ottt sttt ettt ettt e et e e et e saeenees xii
DAFTAR LAMPIRAN ...t eioiee et ete st eseaneeaseeseenaaaneaaseaneesseeseensesseeseenes Xiii
BAB 1 PENDAHULUAN ..ottt sttt sttt st et etesneesbeeasesaeenseenaesneenee 1
1.1 Latar Belakang..........c.cooiiiiiiiiiiiei ittt ete e e siaeesaaeesnaae e b eeeereessaeeensaeeens 1

1.2 Permasalahan..........ccoiiiiiiiiiiiit oottt sttt 3

1.3 Tujuan Penelitian......c.ceeieeeioiieiieii e tee et e eieeesteeessaaeasnsaeennsaessnnaeensseeennseessseesnseeenns 3

1.4 Ruang Lingkup Penelitian ............... ooiiiiiiiiiiiiie o 4

1.5 Metode Urgensi Penelitian ..............cceeriieeiiieeerie e fee e esieeesaee e eveeseeee e 4

1.6 Metode Penyelesaian Masalah ..o b 5
BAB 2 KAJIAN PUSTAKA DAN LANDASAN TEORI........cccooiiiiiiiieiiiieeceeee e 7
2.1 Kajian Pustaka............ ioiiiiieie ittt et e et e st eete e sabeeneees 7

2.2 Sistem Proteksi Kebocoran Arus, Overvoltage, dan Unvervoltage ....................... 10

2.3 Sistem Monitoring Kelistrikan Berbasis [0T...............ooiiininiiiieniiiccienceeee 11

2.4 Mikrokontroler ESP32. ... .. i et seaet e eiae e e saae e s e eaaeesreeeeeaaeeeens 12

2.5 Mikrokontroler Arduino Nano ..ot heeeiesieeie st 15

2.6 LoRaA (LONZ RANGE) ...uveiiiiieaiiine e deteeasnseeesssasannsaeeesdesssseessssaesssneesssseessesesseeennnes 19

2.7 Sensor PZEM-004T ..ot ittt ettt 23

2.8 Modul Relay .......cccieii ittt et 25

29 LCD dan I2C€ ... it ittt teast e st enuess ae e bt et sttt et eatenbe et eanens 27
2.10 KOMUNTKAST. .00 it veeireestieseeieeeiieeeeitee e e eesfaeanssaesebae sasnnaesssaessnseesnsseesssssesssesennnes 29
PRUREE G, VL. N A 29
2102 UART ot etk e ea e s s ne et ettt et e eneesseensesnaenseenseensenseenses 32

21T BUZZET ettt s 34
2.12 POWET SUPPLY SV 2A ettt 35
2.13 Arduino IDE ......oouioiiiiiie ettt 36
2.14 Arduino LI0T CLoUd .......ooouiiiiiiiiei e 37
2.15 Pengolahan Data..........cccveeiiiiiiiiiciiecee e 39
2.16 Rumus Perhitungan Daya dan Energi Listrik..........cccooooniiiiiiniiiniiiee, 41
BAB 3 METODOLOGI PENELITIAN ..ottt 41
3.1 Waktu dan Tempat Penelitian .........ccccoceeveeiiniiniinenienieecicncesceeseeee e 41

3.2 Alat dan Bahan ..o 41

3.3 Desain Penelitian .........oc.ooiuiiiiiiiiieiieie ettt 41
3.3.1 Tahapan Penelitian...........ccceeeeuiiieiiiieniiieeeiieeciee et 42

3.3.2 Perancangan SiStEIM .........ccueeuieriieeieeniie et eite et eiee ettt et eeiee e eeeeenaeeaee e 44

3.3.3 Perancangan Perangkat Keras..........ccccoeeiiiiiriiiiiriiieeieceeeeeeee e 46

3.3.4 Perancangan MeKanik ............ccooviiiiiiiiiiiiiiiiecicce et 48

1X Universitas Nasional



3.3.5 Perancangan Perangkat Lunak ...........c...cccoeiiiiiiiiiiiicieeeeeee e 50

BAB 4 HASIL DAN PEMBAHASAN ...ttt 55
4.1 RealiSast Al@t......cccueeiiiiiieiieeieee ettt ettt et e e 55
4.1.1 Perangkat KETas ........cccuveriiiiieiieeiierie ettt ere e et e e eeeesaaeeseessseenneas 55

4.1.2 Perangkat Lunak........cccooiiiiiiiiiiiiiee e 57

4.2 Hasil PeN@UJIAN........ccciiiiiiiiiieiiccie ettt ettt e eebeeesaeetaeenseesseeenne 58
4.2.1 Hasil Pengujian Pembacaan Tegangan ...........cccceveeveevienienienenieneenieeieneenne 59

4.2.2 Hasil Pengujian Pembacaan ATUS ........cccceeeviieeiieeeiieeeiie e 60

4.2.3 Hasil Pengujian Pembacaan Daya...........cccccueeiieniiiiiieniieieeeeeeeeee e 61

4.2.4 Hasil Pengujian Pembacaan Faktor Daya ............cccccevvviiiniiieniiiiieeceeee, 63

4.2.5 Hasil Pengujian Terhadap Parameter Ambang Batas .........c..cccccocevieninicnnnene 64

4.2.6 Hasil Pengujian Jangkauan LORa.........ccccevviiiniiiiiniiiiniiiiiiiiene e, 65

4.2.7 Hasil Pengujian Fungsi SiStem.........cceeviiiiiiiiiiiiniieiienieeiieeee e 68

4.2.8 Hasil Pengujian Kehandalan Sistem ..........ccceeevieiiiiiiiiiiieiiiie e, 69

4.3 Analisis Hasil Pengujian...........cooooiiiiiiiiiiiiiiii ettt 70
4.3.1 Analisis Hasil Pengujian Pembacaan Tegangan ...........ccccceevveeeiiiencieenenieennnenn. 70

4.3.2 Analisis Hasil Pengujian Pembacaan Arus ..........cceeceevieevieniieiieiieeee e, 72

4.3.3 Analisis Hasil Pengujian Pembacaan Daya...........ccccceeeviienciieiiiieiciie e, 73

4.3.4 Analisis Hasil Pengujian Pembacaan Faktor Daya..........ccccocoeiiiniiininninenen. 74

4.3.5 Analisis Hasil Pengujian Terhadap Parameter Ambang Batas ......................... 76

4.3.6 Analisis Hasil Pengujian Jangkauan LoRa ...« 76

4.3.7 Analisis Hasil Pengujian Fungsi SIStem ............./cccociiiiiiiiiiiiiiinieeeieeee, 77

BAB 5 KESIMPULAN DAN SARAN .......oootiiiiitiniesce bttt 79
5.1 KeSTMPUIAN.......eiiiiiii e b ettt e et e st e bt e sttt eeateebeesabeeneeas 79

5.2 SATAI ...t b ettt ettt aees 79
DAFTAR PUSTAKA ... ittt ettt ettt et st e e enseanteaneaneeeneenseenseeneenneenees 80
LAMPIRAN L. ettt sn e teaba e st satesstease bt oot hebeaatease e bt aneeeheenaeenseeneenseennes 83

X Universitas Nasional



DAFTAR GAMBAR

Gambar 2.1 Mikrokontroler ESP32. ..o 13
Gambar 2.2 Skematik ESP32 ......ooiiiiiiiiie e 14
Gambar 2.3 Konfigurasi pin Arduino Nano ..........ccccceeeveriiniinenienienenicneeeeeeseeee e 15
Gambar 2.4 Skematik Arduino NaNO .......cccceeiiiiiiiiiiiie e 18
Gambar 2.5 Arsitektur protolol LORA.........c.coooiiiiiiiiiiiie e 20
Gambar 2.6 Teknologi LORA........c..oooiiiiiiiieceee e 21
Gambar 2.7 LoRa E220-900T22D ......cc.coiiiiiiiiiieiieiieeieneseeeeteeee et 22
Gambar 2.8 Pin out sensor PZEM-004T .......cccoiiiiiiiiiiiiiiiiiiiiesiiesie e 24
Gambar 2.9 Skematik rangkaian sensor PZEMOOAT ...........ccccoviiiiiniiiiniiiniiciicnceene 25
Gambar 2.10 Bentuk modul relay 1 channel LOW ... 25
Gambar 2.11 Skematik rangkaian modul relay 1 channel LOW............c.ccccoooiiininninin. 27
Gambar 2.12 Bentuk modul LCD 16X2........cccc.iiiiiiiiiiiiiieiieeeeee e 28
Gambar 2.13 Diagram blok modul LCD 16X2 .........cccooiiieiiiiiiiiieiieeiieeie e 28
Gambar 2.14 Modul I2C...... ..o ettt 30
Gambar 2.15 Komunikasi I2C.........cccoiiiiiiiiiiiiiiiie ittt sttt 30
Gambar 2.16 Pesan pada 12C€ ..........oooiiiiii e ssraeeeaeeesnaaeennneeeereeeaneeeseeenenes 31
Gambar 2.17 Timing diagram I2C .........cco.oi i ettt 31
Gambar 2.18 Skematik modul [2C ...... ... i e 32
Gambar 2.19 Komunikasi UART .....c..ooiiii ittt bttt 33
Gambar 2.20 Komunikasi data UART ......... oo 33
Gambar 2.21 Bit Komunikasi UART ...ttt 34
Gambar 2.22 SKematik DUZZET. /..oo.uiiiiiiti i ik e 34
Gambar 2.23 POWEr SUPPLY 5 VOLE ..ccuiiii i oottt et 35
Gambar 2.24 Skematik diagram power supply S Volt ..., 36
Gambar 2.25 Arduino IDE ..o ittt bttt sttt 36
Gambar 2.26 Arduino 70T ClOUA.......ou. ..o et 38
Gambar 3.1 Tahapan penelitian.........cc.eeoeiiiieeiiienieeeienieacee et eeie et et e eieeaeeereeneees 42
Gambar 3.2 Diagram bloK t7ansmitter ..............cccovcvvriici doviveiensciienieiceieeeeeseeeeeens 44
Gambar 3.3 Diagram bIOK T@CICVET . ruuueireerueeeirierirrieeeeiesdheesuee i treeesseessaeeseesseesseesseenses 45
Gambar 3.4 Skematik rangkaian a. Transmitter dan beReceiver .........cc.c.ccueveueeveeeeennen. 47
Gambar 3.5 Perancangan mekanik SiStem t7ansmitter ...........ccccoceeeveeceeeceeeseeecieeneeereennnn 49
Gambar 3.6 Perancangan mekanik SIStEM ECIEVET ......iviuiriiriiiiiaiiniieiinienieeeeeeseeee s 50
Gambar 3.7 FIOWCRATE tFANSIITTEE ......cc.cccuiiiieiiiiiiiaieseee ettt 52
Gambar 3.8 FIOWCHATE TECIBVET .........cuuiiiiiiiiie ettt ettt ettt 54
Gambar 4.1 Realisasi perangkat keras rangkaian transmitter ..............cccccoveevveeevvenveecneennen. 56
Gambar 4.2 Realisasi perangkat keras rangkaian reCiever ..........cocceveeverveeneenersieneenennns 56
Gambar 4.3 Realisasi perangkat lunak Telegram bot...........ccceeeriieeiiiieniieeeniieeiee e 57
Gambar 4.4 Realisasi perangkat lunak Arduino /o7 Cloud............ccoceeverviiniininicniincnnen. 58
Gambar 4.5 Grafik pengujian pembacaan tegangan.............cccuveerveeerveeerieeenieeenreeseeeeeenes 60
Gambar 4.6 Grafik pengujian pembacaan arus ..........cccceeeeueereeeiieenieesiienee e eiee e eeees 60
Gambar 4.7 Grafik pengujian pembacaan daya..........cccceceveeeriieeriiieeniieeeriee e 62
Gambar 4.8 Grafik pengujian pembacaan faktor daya.........cccooeeviiniiiiniininniniccne 64
Gambar 4.9 Jarak jangkauan LoRa pada pengujian melalui Google Earth......................... 66

X1 Universitas Nasional



DAFTAR TABEL

Tabel 2.1 Batas arus bocor berdasarkan standar nasional dan internasional................... 11
Tabel 2.2 Spesifikasi Arduino NANO..........cc.eeruieeiieriieiieeieeeieeriieeteeseeeeaeesreeereesseesseens 17
Tabel 2.3 Perbandingan paramter teknologi komunikasi ............coceevervieniineniiniiniennns 19
Tabel 2.4 Spesifikasi LoRa E220-900T22D.......cc.cocueririierieieeieeienieee e 22
Tabel 2.5 Daftar pinout LCD L1OX2......ccoiiiiiiiiiiiieiieeieeeee ettt 29
Tabel 2.6 Konfigurasi UART .......c..oooiiiiiieceeet ettt e 33
Tabel 4.1 Data hasil pengujian pembacaan t€Zangan...........cceecvereeruerieneenieriieneenennens 59
Tabel 4.2 Data hasil pengujian pembacaan arus.........cc.eervveeervveeerueesssueesssneeenveessneeensneens 61
Tabel 4.3 Data hasil pengujian pembacaan daya............cceeceevueeriereeneniienieenenieneenennns 62
Tabel 4.4 Data hasil pengujian pembacaan faktor daya.........c.ccooeeeeeviveeiviieinienceieeeen. 63
Tabel 4.5 Data hasil pengujian terhadap arus bocor.........cocceveeviiiiiiiiiniiniiininiinieenee 64
Tabel 4.6 Data hasil pengujian terhadap tegangan lebih.............ccccoooieiiiiiiiiinncneenneen. 65
Tabel 4.7 Data hasil pengujian terhadap tegangan rendah ...............cccoeeiiniiiiiinnnnnn, 65
Tabel 4.8 Data hasil pengujian jangkauan LoRa 1...........cccoooviiiiiiiiiiiiiiiceeeeee, 66
Tabel 4.9 Data hasil pengujian jangkauan LoRa 2............ccoecieiiiiiiiiiiiiiiiiie e, 66
Tabel 4.10 Data hasil pengujian fungsi SISTEM........c.cooiiiiiiiiiiiie i 68
Tabel 4.11 Data hasil pengujian kehandalan Sistem.................éeeeeeriiieniieniniicneenennen, 69

Xii Universitas Nasional


file:///D:/6.%20PRIVATE/Kuliah/Semester%20VII/metopel/TUGAS%201_METOPEL_%20MUCHTAR_FTS_183112700240008_R1.docx
file:///D:/6.%20PRIVATE/Kuliah/Semester%20VII/metopel/TUGAS%201_METOPEL_%20MUCHTAR_FTS_183112700240008_R1.docx
file:///D:/6.%20PRIVATE/Kuliah/Semester%20VII/metopel/TUGAS%201_METOPEL_%20MUCHTAR_FTS_183112700240008_R1.docx
file:///D:/6.%20PRIVATE/Kuliah/Semester%20VII/metopel/TUGAS%201_METOPEL_%20MUCHTAR_FTS_183112700240008_R1.docx
file:///D:/6.%20PRIVATE/Kuliah/Semester%20VII/metopel/TUGAS%201_METOPEL_%20MUCHTAR_FTS_183112700240008_R1.docx
file:///D:/6.%20PRIVATE/Kuliah/Semester%20VII/metopel/TUGAS%201_METOPEL_%20MUCHTAR_FTS_183112700240008_R1.docx
file:///D:/6.%20PRIVATE/Kuliah/Semester%20VII/metopel/TUGAS%201_METOPEL_%20MUCHTAR_FTS_183112700240008_R1.docx
file:///D:/6.%20PRIVATE/Kuliah/Semester%20VII/metopel/TUGAS%201_METOPEL_%20MUCHTAR_FTS_183112700240008_R1.docx
file:///D:/6.%20PRIVATE/Kuliah/Semester%20VII/metopel/TUGAS%201_METOPEL_%20MUCHTAR_FTS_183112700240008_R1.docx
file:///D:/6.%20PRIVATE/Kuliah/Semester%20VII/metopel/TUGAS%201_METOPEL_%20MUCHTAR_FTS_183112700240008_R1.docx
file:///D:/6.%20PRIVATE/Kuliah/Semester%20VII/metopel/TUGAS%201_METOPEL_%20MUCHTAR_FTS_183112700240008_R1.docx
file:///D:/6.%20PRIVATE/Kuliah/Semester%20VII/metopel/TUGAS%201_METOPEL_%20MUCHTAR_FTS_183112700240008_R1.docx
file:///D:/6.%20PRIVATE/Kuliah/Semester%20VII/metopel/TUGAS%201_METOPEL_%20MUCHTAR_FTS_183112700240008_R1.docx
file:///D:/6.%20PRIVATE/Kuliah/Semester%20VII/metopel/TUGAS%201_METOPEL_%20MUCHTAR_FTS_183112700240008_R1.docx
file:///D:/6.%20PRIVATE/Kuliah/Semester%20VII/metopel/TUGAS%201_METOPEL_%20MUCHTAR_FTS_183112700240008_R1.docx
file:///D:/6.%20PRIVATE/Kuliah/Semester%20VII/metopel/TUGAS%201_METOPEL_%20MUCHTAR_FTS_183112700240008_R1.docx
file:///D:/6.%20PRIVATE/Kuliah/Semester%20VII/metopel/TUGAS%201_METOPEL_%20MUCHTAR_FTS_183112700240008_R1.docx

DAFTAR LAMPIRAN

Lampiran 1 LiStING PrOZTAMN....cc.eeiuiiiiiieriiieiieriieeiee et eitesiteeieesteeteeeeeeeeeesareebeesnseeeeas 83
Lampiran 2 Datasheet ESP32 .......cooiiiiiiiiiieieeeeee et 86
Lampiran 3 Datasheet LoRa Ebyte E220 900T22D........ccccieiiiniieieieeieceeeeee e, 89

xiii Universitas Nasional


file:///D:/6.%20PRIVATE/Kuliah/Semester%20VII/metopel/TUGAS%201_METOPEL_%20MUCHTAR_FTS_183112700240008_R1.docx
file:///D:/6.%20PRIVATE/Kuliah/Semester%20VII/metopel/TUGAS%201_METOPEL_%20MUCHTAR_FTS_183112700240008_R1.docx
file:///D:/6.%20PRIVATE/Kuliah/Semester%20VII/metopel/TUGAS%201_METOPEL_%20MUCHTAR_FTS_183112700240008_R1.docx

