BAB YV
SIMPULAN DAN SARAN

A. Simpulan

Berdasarkan hasil rancang bangun, pengujian operasional, serta analisis data
yang telah diuraikan pada bab-bab sebelumnya, penelitian ini telah berhasil
merealisasikan prototype sistem kontrol otomatis dan pemantauan jarak jauh
berbasis Internet of Things (10T) untuk pompa submersible di fasilitas Sump pit
terminal keberangkatan Bandara Internasional SMB II Palembang. Purwarupa
ini mengintegrasikan mikrokontroler ESP32 sebagai unit pemroses utama yang
mengakuisisi data dari sensor ultrasonik HC-SR04, thermocouple MAX6675,
dan PZEM-004T v3.0, lalu mentransmisikannya ke antarmuka dashboard
interaktif Node-RED melalui protokol MQTT. Diharapkan sistem ini dapat
menjadi pertimbangan dalam mengganti mekanisme operasional manual yang
kaku menjadi terotomatisasi, sehingga mampu menjadi solusi preventif dalam
memitigasi risiko luapan limbah di area terminal melalui eksekusi relay yang
sangat tanggap. Kelayakan dari perancangan inovasi ini juga telah diakui dan
tervalidasi dengan predikat "Sangat Baik" oleh praktisi ahli materi dari pihak
industri bandara yang memberikan skor 94%, serta penilaian ahli media dari

pihak akademis dengan pencapaian nilai 90%.

Lebih lanjut, pengujian fungsionalitas instrumen pada purwarupa menunjukkan
tingkat akurasi yang sangat presisi dalam mendukung efektivitas sistem proteksi
mekanikal dan kelistrikan. Kinerja pembacaan sensor ultrasonik dalam
mendeteksi elevasi air limbah mencatatkan tingkat akurasi sebesar 98,30%
dengan rata-rata error yang sangat rendah yakni 1,70%. Pada instrumen
pemantauan kondisi termal bodi motor pompa, sensor thermocouple mampu
mendeteksi perubahan suhu dengan akurasi mencapai 98,10% (error 1,90%).
Sementara itu, evaluasi terhadap parameter kelistrikan menggunakan sensor
PZEM-004T berhasil membuktikan tingkat kestabilan pengukuran tegangan AC
dengan akurasi maksimal 99,70% (error 0,30%) dan pendeteksian tarikan arus

beban dengan akurasi 96,10% (error 3,90%). Secara holistik, integrasi sinkron
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dari berbagai pembacaan parameter tersebut efektif dalam mengaktitkan logika
emergency stopdi mana sistem mampu memutus arus daya seketika secara
otomatis guna melindungi aset motor induksi dari risiko kerusakan fatal yang
diakibatkan oleh fenomena panas berlebih (overheating) maupun operasi

pemompaan tanpa cairan (dry running).

. Saran

Berdasarkan kesimpulan diatas penulis memberikan saran untuk optimalisasi

guna penyempurnaan sistem di masa mendatang. Adapun saran dan rekomendasi

yang dapat diberikan oleh penulis adalah sebagai berikut:

1. Implementasi Skala Industri

Replikasi sistem untuk kontrol motor 3 fasa (380V) di lapangan
membutuhkan upgrade perangkat keras berupa: sensor ultrasonik kedap air
(JSN-SRO04T), pengaman arus kuat (Magnetic Contactor dan TOR), serta
boks panel IP65 dengan PSU DIN-Rail untuk menjaga stabilitas daya dan
mencegah interferensi elektromagnetik (EMI).

2. Peningkatan Keamanan Jaringan dan Protokol
Untuk memenuhi standar keamanan siber bandara, protokol perlu
ditingkatkan menjadi MQTTS (dengan enkripsi dan QoS tinggi).
Antarmuka Node-RED juga perlu dijembatani ke Modbus TCP/IP atau OPC
UA agar dapat terintegrasi dengan Building Management System (BMS)
terpusat.

3. Penambahan Suplai Daya Darurat
Pemasangan baterai cadangan atau Mini UPS khusus untuk mikrokontroler
ESP32 dan router Wi-Fi. Hal ini bertujuan agar pengiriman data telemetri
dan sistem early warning tidak terputus saat terjadi jeda perpindahan listrik

dari PLN ke genset.
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LAMPIRAN

Lampiran A. Data Dukung Identifikasi Masalah

fi Injourney PENGOPERASIAN DAN PEMELIHARAAN W
AIRPORTS SEWAGE TREATMENT PLANT
STANDAR OPERASI DAN 'no "No. : 14.08.29/03/01/2024 /
PROSEDUR FASILITAS S L i N -
S THlK MECANIEAL & g%/\TGE TREATMENT| Revisi No.: 00
PERALATAN BANDARA e
Tanggal : 15 Januari 2024 ' ;‘,j

C.

d.

Pemeliharaan pencegahan dilaksanakan bertujuan untuk
mempertahankan unjuk hasil atau perfomansi/kinerja peralatan, yang
kegiatannya meliputi:

4211 Pemeliharaan Harian

a.
b.

Mendapatkan Surat Perintah Tugas dari pimpinan unit.

Mendapatkan Izin/ Clearence dari Petugas Unit Utilitas/Lingkungan
terkait.

Lakukan inspeksi visual pada panel kontrol utama STP, periksa indikator
lampu, tegangan (Volt), dan arus (Ampere).

Periksa kondisi operasional pompa limbah (submersible pump), blower,
dan sistem aerasi. Catat jika terdapat suara bising yang tidak normal,
getaran, atau bau yang tidak wajar.

Periksa level limbah pada bak ekualisasi dan aerasi. Pastikan aliran limbah
lancar tanpa adanya sumbatan.

Catat data hasil inspeksi harian pada log book.

Pemeliharaan Mingguan

Mendapatkan Surat Perintah Tugas dari pimpinan unit.

Periksa dan bersihkan saringan kasar (bar screen) dari penumpukan
sampah padat.

Cek kondisi mekanis dan pelumasan pada bearing pompa dan blower.
Periksa level tangki kimia (jika ada, e.g., untuk klorinasi).

Pastikan area sekitar STP bersih dan bebas dari genangan air yang tidak
seharusnya.
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Lampiran B. Ceklist monitoring pompa submersible Sump pit di terminal
keberangkatan bandara SMB 11 PLM

[~
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Lampiran C. Lembar Validasi Ahli Materi

7

LEMBAR VALIDASI AHLI MATERI
“SISTEM KONTROL POMPA SUBMERSIBLE BERBASIS IoT DI SUMP
PIT BANDARA INTERNASIONAL SMB Il PALEMBANG™

NAMA : Akhmad Sapta, S.T.
TANGGAL : |§ ()um' +0%

A. Pengantar
1. Lembar penilaian ini dimaksudkan untuk mendapat informasi mengenai
kualitas alat Rancangan prototype pompa air baku berbasis loT di
Bandar udara Sultan Mahmud Badaruddin 11 Palembang.
2. Informasi mengenai kualitas media ini didasarkan pada aspek kualitas
alat,

B. Petunjuk Pengisian

1. Berilah tanda check (v) pada alternatif jawaban yang telah disediakan.

2. Berikan skor pada setiap butir pernyataan dengan penilaian sebagai
berikut:

5 = Sangat Baik
4 = Baik

3 = Cukup

2 = Kurang Baik
1 = Tidak Baik

3. Kritik dan saran perbaikan pada baris yang telah disediakan.

4. Kesimpulan akhir berupa kriteria kelayakan alat Perancangan sistem
kontrol pompa submersible berbasis IoT di sump pit Bandara SMB 11
Palembang.

C. Penilaian

No Aspek Penilaian Skala Penilaian
1 [2]3]4a]s

A. Kegunaan (Usability)

1 | Tingkat kemudahan pengoperasian alat
melalui antarmuka dashboard Node- 2
RED.
2 | Kejelasan informasi dan visualisasi data Vg
pada sistem monitoring operasional saat
digunakan.

B. Fungsionalitas (Functionality)

1 | Efektivitas integrasi platform Node-
RED dalam mengoptimalkan sistem
kontrol otomatis pada pompa.
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Kemampuan sistem dalam mengelola
logika kerja (otomatisasi) sesuai dengan
kebutuhan level air limbah.

Akurasi dan kinerja sensor (PZEM,
Ultrasonik, dan Thermocouple MAX)
dalam mendukung keandalan sistem
secara keseluruhan.

C. Efisiensi (Efficiency)

1

Kecepatan sistem dalam menyajikan
data monitoring secara real-time tanpa
hambatan (dclay) yang berarti.

2

Seberapa efisien produk ini membantu
pengguna mencapai tujuan mereka.

D. Kepuasan (Safisfaction)

Tingkat kenyamanan dan kepuasan
pengalaman pengguna terhadap produk.

D. Komentar/saran umum

ﬂm’hzan

Cabg g Khupumyo dolows o & pun,

Yy ke e

Vdom™ mand gaund done A0
v

dﬂt‘u 0‘[’}0'\ )‘61'71‘\

F. Kesimpulan

Rancangan prototype pompa air baku berbasis 10T di Bandar udara Sultan

Mahmud Badaruddin 11 Palembang ini dinyatakan :

a. Layak digunakan
Layak digunakan dengan catatan
c. Tidak Layak digunakan

.(..‘...?.‘.‘.!!i ..... 2026
Validator,
=t

(ALSARAL DNULRANA
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Lampiran D. Lembar Validasi Ahli Media

LEMBAR VALIDASI AHLI MEDIA
“SISTEM KONTROL POMPA SUBMERSIBLE BERBASIS IoT DI SUMP
PIT BANDARA INTERNASIONAL SMB Il PALEMBANG™

NAMA : Gilang Eka Prandana, S.Kom.

TANGGAL : 24 Jmi oz

A. Pengantar
1. Lembar penilaian ini dimaksudkan untuk mendapat informasi mengenai
kualitas alat Rancangan prototype pompa air baku berbasis IoT di
Bandar udara Sultan Mahmud Badaruddin Il Palembang.
2. Informasi mengenai kualitas media ini didasarkan pada aspek kualitas
alat,

B. Petunjuk Pengisian
1. Berilah tanda check (V') pada alternatif jawaban yang telah disediakan.
“ 2. Berikan skor pada setiap butir pemyataan dengan penilaian scbagai
i berikut:
5 = Sangat Baik
4 = Baik
3 = Cukup
2 = Kurang Baik
1 = Tidak Baik
3. Kritik dan saran perbaikan pada baris yang telah disediakan.
4, Kesimpulan akhir berupa kriteria kelayakan alat Perancangan sistem
kontrol pompa submersible berbasis loT di sump pit Bandara SMB 11
Palembang.
C. Penilaian

No Aspek Penilaian Skala Penilaian
1 231475

A. Kegunaan (Usability)

| | Tingkat kemudahan pengoperasian alat J
melalui antarmuka dashboard Node-

RED.

2 | Kcejelasan informasi dan visualisasi data \/
pada sistem monitoring operasional saat

digunakan.

B. Fungsionalitas (Functionality)

1 | Efektivitas integrasi platform Node- U
RED dalam mengoptimalkan sistem
kontrol otomatis pada pompa.

74



2 | Kemampuan sistem dalam mengelola
logika kerja (otomatisasi) sesuai dengan J
kebutuhan level air limbah.

3 | Akurasi dan kinerja sensor (PZEM,
Ultrasonik, dan Thermocouple MAX) o
dalam mendukung keandalan sistem
sccara keseluruhan.

C. Efisiensi (Efficiency)

1 | Kecepatan sistem dalam menyajikan

data monitoring secara real-time tanpa v
hambatan (delay) yang berarti,

2 | Seberapa efisien produk ini membantu /
pengguna mencapai tujuan mereka.
D. Kepuasan (Satisfaction)

1 | Tingkat kenyamanan dan kepuasan Vv
pengalaman pengguna terhadap produk.

D. Komentar/saran umum
QMW- Ao b bal kv lo;\ Wgtorl AAIM real A~e
\‘[h~3 Atreken~  plela ggskm

F. Kesimpulan

Rancangan prototype pompa air baku berbasis loT di Bandar udara Sultan
Mahmud Badaruddin I1 Palembang ini dinyatakan :

@& Layak digunakan

b. Layak digunakan dengan catatan
¢. Tidak Layak digunakan

Palembang, 24..J4.... 2026
Validator,

({)iw(} £ fandon
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Lampiran E. Transkrip Wawancara

POLITEKNIK PENERBANGAN PALEMBANG
PROGEAM STUDI TEKNOLOGI REKAYASA BANDAR UDARA
PROCEAM SARJANA TERAPAN

A
@

M

"Untuk proses operasional sama
pemeliharaan pompanya sendiri sekarang
mekanismenya bagaimana ya, Pak?"

"Sekarang kita masih manual by schedule
aja, Ki. Jadi tim yang dinas shift itu keliling
ngecek visual ke boks panel lapangan, rata-
rata 6 kali dalam 24 jam. Nah, untuk
‘maintenance-nya jujur kita masih dominan
corrective. Artinya, va kalau ada keluhan bau
atau pompa kedapatan macet/rusak, baru kita
‘engkar dan perbaiki. Belum bisa yang
sifatnya bener-bener prediktif "

Hari/ Tanggal - Selasa, 21 Januari 2026 B R
. 3. "Apakah saat ini sudah ada sistem "Khusus untuk sump pit sewage di area
Waktu - 0830 WIB - 05.30 WIB ‘monitoring level air yang otomatis di Keberangkatan belum ada sistem otomatisasi
Tempat - Ruang Kerja Unit Warer Punp and System/Plumbing sump pit Keberangkatan ini, Pak?" ataupun monitoring jarak jauh. Semuanya
. - : murni masih manual di lapangan. Jadi kalau
Identitas Narasumber ‘mau ngidupin atau matiin pompa ya teknisi
2 MNama :Akhmad Sapta N ‘harus dateng langsung ke lokasi boks
b. Jabatan : Supervisor of Water Pump and System Bandara Intemasional SMEB IT panelnya”
Palembang
4. "Menurut Pak Sapta, parameter apa saja "Kalau buat saya, yang paling penting itu ada
1. Hazil W yang paling krusial buat kita monitor di tiga. Pertama jelas level ketinggian air biar
- ‘pompa submersible ini?" kita bisa cegah luapan. Kedua it parameter
1. "Izin Pak Sapta, kalan dari kacamata "Gini Ki, masalah utamanya itu karena debit listriknya, terutama arus (Ampere), jadi kita
jemen, sebetulnya apa limbah kita ini fluktuatifbanget, ngzak bisa oty
atan kendala terbesar yang sering ditshak. Apalagi kalan pas pezk season, mg:fﬂﬁjx: jn“]"l‘}‘;;jz -
dahad:pl_pa! pengoperasian pompa romsim liburan, atau pas ada kloter jemazh e Y s
submersible di sump pit ini?" umrah. Itu toilet di Terminal Timur kan terbakar "
padat sakali, nah sump pit ket ek kita
yang kapasitamya 16 m® it cepat banget 5. “Kalau prototype alat kontrol otomatis | "Oh, jelas sangat membantu, Ki. Minimal
penubnya. Kalau anak anak di lapangan telat dan monitoring berbasis IoT yang ‘bisa mengurangi beban anak-anak lapangan
zedikit aja monitor, aimya langsung meluap sedang saya rancang ini nanti yang harus bolak-balik ngecek fisik secara
lewat manhole. Di sisi lain, kita juga buta diterapkan, menurut Bapak apakah bisa | repetitif. Terus yang paling saya suka dani
<oz kondisi pompanyz. Sering kali ‘membantu tim TTEQ?" konsep kamu ini, sisternnya bisa kasih
Jita baru tahu pompa b a]ah pu' peringatan dini (early waming). Jadi sebelum
3 pemmas alatnya rusak parah, kita sudah bisa tahu
kendisinya sudah mati total “L‘_“ . duluan dari data suhu dan arusnya. Bagus ini,
guhmzanmya terbakar karena dipaksa kerja ‘isa bantu jaga keandalan Fasilitas bandara
terus saat ada beban berlebih.” kita"
POLITEKNIK PENERBANGAN PALEMBANG
PROGRAM STUDI TEKNOLOGI REKAYASA BANDAR UDARA
PROGRAM SARJANA TERAPAN
4. "Kalan dari pengalaman Pak Thobary “Kalan buat anzk-anak lapangan sih simpel ya: status
Hari/ Ta_ngga] : Selasa, 21 Januari 2026 memimpin tim, parameter apa yang paling pompanya lagi HIDUP atau MATIL persentase air di
= sering dipantau™ dalam bak, sama nilai arus listriknya (Ampers). Nilai
Waktu - 09.10 WIB - 09.30 WIB Ampere ini jadi patokan utama kita, kalan angkanyz
S - . tiba-tiba naik tingei, wah itu fiks pasti ada sampah
Tempat - Ruang Kerja Unit Water Pump and System/Plumbing yang ngssaiel di dalem pompa”
Identitas Narasumber :
5. "Eirakira kalau alat ToT buatan saya ini “Sangat ngebantu, Ki Masalah luapan limbah di area

b Nama - Thobary
c. Jabatan : Technician of Water Pump and System Bandara Internasional SMB IT
Palembang

Hasil Wawancara

1. "Izin Pak Thobary, kalan abang-abang telmisi
di lapangan biasanya sering nemuin kendala
apa pas di bagian pompa sump pit™

“Nah kalan di lapangan, musuh wtama kita it
clozging alizs pemynmbatan di impeller (baling-
‘aling) pompa, Ki. Namanya juza air limbah toilst
terminal, kadang 2da aja tisn basah stan sampah
plastilc yang lolos masuk ke bk, Efekorya, putsran
pempa jadi serst, motormya kerja keras, zrasmya
langsung melonjak. Kalau telst ketzhuan, ya otomatis
thermal overload-nya putus atan parahnya motomnya

dipakai, bisa ngebantu performa tim
lapangan neezk, Pak™

bawah (ground handling) itu sensitif banget, bisa bikin
komplain karena bau dan gangeu operasional pesawat
Kalau alat kamn bisa bikin pompanya jalan otomatis
pas air tingei, kerjaan kita jadi lebih aman.
Responsnya cepat dan anak-anak nggak perlu buang-
buang waktn cumna buat mastiin pompa sudah mati
atau behuma "

anzus.”
2 "Ralan alur keria tim lapanzan buat “Kita kan bazi im lewat sistem shift va, Tadi tiap shift
oparasional sama nzarawst pompa ind it sudsh ada jadwal checklistomya. Angaota dinas
biasanys gimans, Pak?" harus jalan ke panel penampunzan, buks futup

‘manhole buat ngintip sirya sudah ssberapa tinggi.
Kalan dirasa sudah penub, sakelar di-ON-kan manual.
Nah, kendalanya kita harus nungzuin di sana atau
dikira-lrira kapan surwtnya, baru di- OFF-kan lagi
Jangan sampai ditinggal lama terus aimya habis tapi
pompa masih nyala, bisa dry running nanti pompanya,
makin capat rusak "

3. "Berarti untuk sistam monitoring
otomatiznya emanz belum masuk ke roznzan
TTEQ ya, Bang?”

“Behum ads, Ki Menitoring terpusat kita baru fokus
ks fasilitas-fasilitas wtama bandara vang lain, Kalau
uat instalasi limbah domestik harian kayak sump pit
begini, ya jalannya masih manual, musti disamperia
satu-sata ke lokasi baknya.”
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POLITEENIK PENERBANGAN PALEMBANG
PROGRAM STUDI TEKNOLOGI REKAYASA BANDAR UDARA

PROGRAM SARJANA TERAPAN
Hori / Tanggal - Selasa, 21 Januari 2026 4. "Mechanic Bang Riza sendiri, data spasaja | "Kalau buat saya yang penting itu kelihatan jarak
Wakm < 10.00 WIB - 10.30 WIB yang penting tampil kalau abaug lazi airmya sisa berapz senti lazi, subu mesin pompanya
. . monitoring?" berapa, sama tegangan listriknya (Voltase). Di
Tempat : Ruang Kerja Unit Warer Pump and Svstem/Plumbing bandara ini kalau pas tegangan listriknya ik
titas Narasumber - turun (drop), pompa ity gampang banget panas.
Identitas N: <1 Mizkanya data voltase AC 220V ifu penting juga
d. Nama :Riza Rassanzani dipantan "
e. Jabatan : Fechnician of Water Pump and Svstem Bandara Internasional SMB IT
Palemb 5. "Kalan alat prototype yang saya bikin ini kan | "Wah, kalan bisa begitu ya enak banget, Kil
emoang datanya bisa dilihat & HP atau laptop lewat | Meringankan tugas kita banget sebagai tekuisi
Node RED nih Bazg, it A L Kita bisa pantau kondisi air daz pompa.
m. Hasil Wawancara gimana? sambil megang perangkat digital dari ruangan, nggak
pexlu tiap jam bolak-balik ke lapangan terbuka apalagi
1. "Bang Riza, izin nanya, selama ini kendala “Waduh Ki, paling males ifu kalau dapet giliran shift pas cuaca lagi hujan. Kalan ada pompa macet atau air
paling repot apa Bang kalan lazi nanganin terus pas jam padat bandara airya telat diuras. s meluap kxn ads alam atau notifikasinya tub, jadi
pompa di sump pit?” sampai meluap lewat tutup got (mazhole). It bawnya e bl langeng ek cepet seelum Jad maselah
ke mana mana, mana kita musti bersihin areanya pula. )
Repotnya lagi, kita kan nzgak tahu pompa di dalem
bak itu sehenernya kepanasan atau nggak, tahu-tabu
pas kita pencet tombolnya, pompanya cuma
‘berdengung terus macet "
2 "Biasanya Abang kalau operasionalin “¥3 kita jalan ke boks panel luar terminal, buka
pompa imi zimana langkah-lanzkabnya?™ manhols, terns kita senter ke dalem bust nzira-nzira

kstinzgian siraya. Kalan sudsh pas, kits caklsk
sakelarmya ke posisi manual ON. Nk, sslama porspa
sguras, kita seringnys nunzguin di sekiteran site.
Soalaya kalzu ditinggal terus kebablasan sampai
airmya tekor, pompanya muter kering, bisa kebakar.”

3. “Berarti sekarang emang bener-bener murmi | “Iya, bener banget, Rizki. Belum ada otomatis-

dikontrol manual ya, Bang?" otomatisan. Semuanya masih bergantung sama insting
sama jadwal keliling teknisi yang lagi dapet shift
jaga"

Lampiran F. Perakitan dan uji coba Prototype
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Lampiran G. Dokumentasi Observasi Lapangan
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Lampiran H. Datasheet Komponen

1. Mikrokontroler ESP 32

Categories Items | Specifications
RF certification FCC/CE-RED/IC/ TELEC/KCC/SRRC/NCC
Certification Wi-Fi certification Wi-Fi Alliance
Bluetooth certification BOB
Green certification RoHS/REACH
Test Reliablity HTOL/HTSLAUHAST/TCT/ESD
802.11 b/g/n (BOZ2.11n up to 150 Mbps)
WEF] Protocols A-MPDU and A-MSDU aggregation and 0.4 ps guard interval
support
Frequency range | 2.4 GHz ~ 2.5 GHz
Protocols Bluetooth v4.2 BR/EDR and BLE specification
NZIF receiver with =97 dBrmn sensitivity
Bluetooth Radio Class-1, class-2 and class-3 transmitter
AFH
Audio CWSD and SBC

SDcard, UART, SPI, SDIO, I*C, LED PWM, Motor PWI, I*S,

Module interfa
o ntertaces IR, pulse counter, GPIO, capacitive touch sensor, ADC, DAC

On-chip sensor Hall sensor
Integrated crystal 40 MHz crystal
Integrated SPI flash 4 MB

Hardware Operating voltage/Power supply | 3.0V~ 36V
Operating current Average: B0 mA

Minimum  current delivered by
500 mA
power supply

R -
ecommended operating tem 40 °C ~ 485 °C
perature range

Package size (18.000.10) mm = (25.50+0.10) mm = (3.10+0.10) mm

Maisture sensitivity level (MSL) Level 3

. MName Mo Type Function

GMND 1 Ground

33 2 Povwrer supply

EN 3 | Module-enable signal. Active high.

SENSOR_WP | 4 | GPIO36, ADC1_CHOD, RTC_GFIOD

SENSOR_WN | 5 | GPIO39, ADC1_CH3, RTC_GPIO3

1034 ;] | GPIO34, ADC1_CHB, RTC_GPIO4

1035 7 | GPIO35, ADC1_CHY, RTC_GPIOS

1032 e o GPIO32, XTAL_32K_P (32.768 kHz crystal oscillator input), ADC1_CH4,
TOUCHS, RTC_GPIO9

1033 9 Vo GPIC33, XTAL_32K_N (32.768 kHz crystal oscillator output), ADC1_CHS,
TOUCHS, RTC_GPIO&
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1025 10 110 GPIO25, DAC_1, ADC2_CHS, RTC_GPIOE, EMAC_RXDO

1026 1 110 GPIO26, DAC_2, ADC2_GH3, RTC_GPIOT?, EMAC_RXD1

1027 12 110 GPIO27, ADC2_CH7, TOUCH7, RTC_GPIO17, EMAC_RX_DV

014 13 VO GPIO14, ADC2_CH8, TOUCHB, RTC_GFIO16, MTMS, HSPICLK, H52_CLK,
S0_CLK, EMAC_TXD2

O12 4 o GPIO12, ADC2_CH5, TOUCHS, RTC_GPIO15, MTDI, HSPIQ, HS2_DATAZ,
SD_DATAZ, EMAC_TXD3

GMND 15 P Ground
GPIO13, ADC2_CH4, TOUCH4, RTC_GPIO14, MTCK, HSPID, HS2_DATA3Z,

018 6 Vo SD_DATA3, EMAC_RX_ER

SHD/SD2* 17 110 GPIOY, SD_DATAZ, SPIHD, HS1_DATAZ, U1RXD

SWPR/SD3* 18 [le] GPIO10, SD_DATA3, SPIWP, HS1_DATAZ, UTTXD

SCS/CMD* 19 [le] GPIO11, SD_CMD, SPICS0, HS1_CMD, U1RTS

SCK/CLK* 20 [le] GPIO6, SD_CLK, SPICLK, HS1_CLK, U1CTS

SDO/SDOo” 21 [le] GPIO7, SD_DATAD, SPIQ, HS1_DATAD, U2RTS

s0I/SD1 22 [le] GPIO8, SD_DATA1, SPID, HS1_DATA1, U2CTS

(015 o5 VO GPIO15, ADCZ_CH3, TOUCH3, MTDO, HSPICS0, RTC_GPIO13, HS2_CMD,
SD_CMD, EMAC_RXD3
GPIO2, ADC2_CH2, TOUCHZ, RTC_GPION 2, HSPIWF, HS2_DATAD,

102 24 110 SD_DATAO

100 25 [le] GPIO0, ADC2_CH1, TOQUCH1, RTC_GPION, CLK_OUT1, EMAGC_Tx_GCLK

04 . o GPID4, ADC2_CHO, TOUCHO, RTC_GPICN0, HSPIHD, HS2_DATA1,
SD_DATA1, EMAC_TX_ER

1016 27 110 GPIO16, HS1_DATA4, U2RXD, EMAC_CLK_OUT

1017 28 110 GPIO17, HS1_DATAS, U2TXD, EMAC_CLK_OUT_180

105 29 170 GPIOS, VSPICS0, H31_DATAS, EMAC_Rx_CLK

1018 30 110 GPIO18, VSPICLK, HS1_DATAT

1019 31 110 GPIO19, VSPIQ, UOCTS, EMAC_TXDO

NC 32 -

1021 33 [le] GPIO21, VSPIHD, EMAC_TX_EN

RXDO 34 1/0 GPIO3, UORXD, CLK_OUTZ2

TADO 35 1/0 GPIO1, UOTKXD, CLK_OUTS, EMAC_RXD2

1022 36 1/0 GPIO22, VSPIWF, UDRTS, EMAC_TXD1

1023 37 11O GPI023, VSPID, HS1_STROBE

GMND 38 P Ground

2. Sensor Ultrasonik HC-SR04
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Figure 2

mw* !

2. HC-SR04 Specifications
The sensor chosen for the Firelighting Drone Project was the HC-SR04. This

section contains the specifications and why they are important to the sensor module. The
sensor modules requirements are as follows.

o Cost
Weight
Community of hobbyists and support
Aceuracy of object detection
Probability of working in a smoky environment
Ease of use

The HC-8R04 Specifications are listed below. These specifications are from the
Cytron Technologies HC-SR04 User’s Manual (source 1).

Power Supply: +5V DC

Quiescent Current: <2mA

Working current: 15mA

Effectual Angle: <15%

Ranging Distance: 2-400 ¢cm
Resolution: 0.3 em

Measuring Angle: 30°

Trigger Input Pulse width: 10uS
Dimension: 45mm x 20mm x 15mm
Weight: approx. 10 g

The HC-SR04’s best selling point 15 its price; it can be purchased at around $2 per
unit.

3. Timing Chart and Pin Explanations

The HC-SR0M4 has four pins, VCC, GND, TRIG and ECHO, these pins all have
different functions. The VCC and GND pins are the simplest -- they power the HC-SR04.
These pins need to be attached to a +5 volt source and ground respectively. There is a
single control pin: the TRIG pin. The TRIG pin is responsible for sending the ultrasonic
burst. This pin should be set to HIGH for 10 ps, at which point the HC-SR04 will send
out an eight cycle sonic burst at 40 kHZ. After a sonic burst has been sent the ECHO pin
will go HIGH. The ECHO pin is the data pin -- it is used in taking distance
measurements. Aller an ultrasonic burst 1s sent the pin will go HIGH, it will stay high
until an ultrasonic burst is detected back, at which point it will go LOW.
Taking Distance Measurements

The HC-SR(M can be triggered to send out an ultrasonic burst by setting the TRIG
pin to HIGH. Once the burst is sent the ECHO pin will automatically go HIGH. This pin
will remain HIGH until the the burst hits the sensor again. You can calculate the distance
to the object by keeping track of how long the ECHO pin stays HIGH. The time ECHO
stays HIGH is the time the burst spent traveling. Using this measurement in equation 1
along with the speed of sound will yield the distance travelled. A summary of this is
listed below, along with a visual representation in Figure 2.

Set TRIG to HIGH

Set a timer when ECHO goes to HIGH

Keep the timer running until ECHO goes to LOW
Save that time

Use equation 1 to determine the distance travelled

sl b —

Figure 3
Source 2

10u8 TTL Timing Diagram

Trigger Input
0 Module

& Cycle Somc Burst

. Jilli
from Meosae

Input TTL lever
Echi Palze it signal with a ramge
ta User Tanemg Circus i e,
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To interpret the time reading into a distance you need to change equation 1. The
clock on the device you are using will probably count in microseconds or smaller. To use
equation 1 the speed of sound needs to determined, which is 343 meters per second at
standard temperature and pressure. To convert this into more useful form use equation 2
to change from meters per second to microseconds per centimeter. Then equation 3 can
be used to easily compute the distance in centimeters.

Speed Meters & us ARITI us
TI0.15m * 100em ™ THO.ISm = em

Equation 2. Distance

s i = Mme — i —
Equation 3. Distance S8~ mem €M

4. Wiring the HC-SR0M4 to a Microcontroller

This section only covers the hardware side. For information on how to integrate
the software side, look at one of the links below or look into the specilic microcontroller
you are using.

The HC-SR04 has 4 pins: VCC, GND, TRIG and ECHO.

1. VCCis a 5v power supply. This should come from the microcontroller

2. GNDis a ground pin. Attach to ground on the microcontroller.

3. TRIG should be attached to a GPIO pin that can be set to HIGH

4. ECHO is a little more difficult. The HC-SR04 outputs Sv, which could destroy
many microcontroller GP1O pins (the maximum allowed voltage varies). In order
to step down the voltage use a single resistor or a voltage divider circuit. Once
again this depends on the specific microcontroller you are using, you will need to
find out its GPIO maximum voltage and make sure you are below that.

HC-FRed
et
W
THG
G
e
At
G0
P

Figure 4
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5. Errors and Bad Readings

Ultrasonic sensors are greal sensors -- they work well for many applications
where other types of sensors fall short. Unfortunately, they do have weaknesses. These
weaknesses can be mitigated and worked around, but first they must be understood. The

first weakness is that they use sound. There is a limit to how fast ultrasonic sensors can
get distance measurements. The longer the distance, the slower they are at reporting the
distance. The second weakness comes from the way sound bounces off of objects. In
enclosed spaces it is possible, if not probable that there will be unintended echos. The
echos can very easily cause false short readings. In Figure 2 a pulse was sent out. It
bounced off of object 1 and returned to the sensor. The distance was recorded and then a
new pulse was sent. There was another object farther away, so that when the new pulse
reaches object 1, the first signal will reach the sensor. This will cause the sensor to think
that there is an object closer than is actually true. The old pulse is smaller than the new
pulse because it has grown weaker. The longer the pulse exists the weaker it grows until
itis negligible. If multiple sensors are being used, the number of echos will increase
along with the number of errors. There are two main ways to reduce the number of errors,
The first is to provide shielding around the sensor. This prevents echos coming in from
angle outside what the sensor should actually pick up. The second is to reduce the
frequency at which pulses are sent out. This gives more time for the echos to dissipate.

New pulse 1 Mew pulse 2 Object 1

Object 2

(@

Old pulsa 1

Old pulse 1

3. Sensor Suhu Thermocouple Tipe K dengan Modul MAX6675

Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (0°C to +1024°C)

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (VEG 10 GND) .. 03Vio +6Y  Storage Temparature RENGE ...
SCK, T, T-, T+ to GND 03Vio 03V Junclion Temperature

B - 50MA SO Package

{Hurman Body Model) +2000V por Phase (60s)

antinuaus Power Dissipation (Ta = +70 o

8-Pin SO (derate 5.88MW/C above +70°

Operating Temperature Range

d (

. ATIMW
+85°C

1B (158) worre oo
cad Temperature (Soldenng. 108) ..o

MAX6675

Swesses beyond Mose listed under “ADSoke MaxiTum REINGS™ May Cause pen
aperation of te at these o any offier congiions beyond Nase naicaled
ahsolule Meximum (NN Conaifions for exlandad Penods May aNSCT device ralabiNty.

ELECTRICAL CHARACTERISTICS

NI MRS 10 M BeCe:. TRESE Sre SUESS FAtngS only, and funetional
operational sections of the specilicalions i ol impked. EXposure 1o

{Vee = +30V o +5.5V, Ta = -20°C o +B5°C, unless otharwise nated. Typical values specified at +25°C.) (Note 1)
PARAMETER SYMBOL CONDITIONS MIN _ TYP  MAX |UNITS
TTHERMOCOUPLE = +700°C, 5 +5
Ta= +25°C (Note 2) & +6
TIHERMOCOURLE = I°C to ] +B
Temperature Error +T00°C, Ta= +26°C (Nate 2) [ vee = +5v o 2 | e
TIHERMOCOURLE = +T00°C | Veg = +3.3V 17 +17
10 +1000°C, Ta= +25°C
{Note 2) Voo = +5V -1 +18
Thermozeyple Conversion 1025 LVILSE
Canstant
Cald-Junetion Th = -20°C ta +85°C | Voo = +3.3V -30 c
Compensation Error {Note 2) [ Veg=+5v 30
Resolution 0.25 “C
Thermocouple Input - @
Impedance
Supply Voltage Ve Er) 55 v
Supply Current lee 07 15 mé
Power-On Reset Threshald Ve rising 1 2 25 v
Power-On Reset Hysteresis 50 mv
Conversion Time {Note 2) 017 02 s
SERIAL INTERFACE
0.3x
Input Low Valtage V) v
P 0 L Vo
07x
Input High Voltage Vi v
put Hig a Vee
Input Leakage Currant leax Vin = GMD or Ve 5 A
Input Capacitance Cin 5 pF
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Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (0°C to +1024°C)

ELECTRICAL CHARACTERISTICS (continued)

(Voo = +3.0V to 5.5V, Ta = -20°C to +85°C, uniess otherwise noted. Typical values specified at “C.} (Mote 1)

PARAMETER SYMBOL CONDITIONS MIN TYP  MAX | UNITS
Output High Voltage VoK lenURCE = 1.6mA “CC‘; : v
Output Low Voltage VoL IS = 1.6mA 0.4 W
TIMING
Sarlal Clock Fraguency fapL 43 MHz
SCK Pulze High Width toi 100 ns
SCK Fulae Low Width toL 100 ne
CS8 Fall to SCK Risa s Cy = 10pF 100 ns
CE8 Fall to Quiput Enable L] Co = 10pF 100 ns
C58 Rie 1o Output Disable TR Cy = 10pF 100 ns
SCHK Fall to Output Data Do £y = 10pF 100 e
Walid

Note 1: All specificat

Mote 2: Guaranieed by design. Not prod

by design and charsciarization,

on tested.

MAX6675

(Voo = +3.3V, Ta = +25°C, unless otherwise noted.)

DUTPUT CODE ERROR
vs. AMBIENT TEMPERATURE
0
g 8 g
H
E ¢
= 1
8,
H
S
2

0o W & @ B @
TEMPERATUIRE (")

AWAXLM

OUTPUT CODE ERROR
ws. VOLTAGE DIFFERENTIAL

™~

11/

g
2
3

08 AT R
WILTAGE DIFFERENTIAL

Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (0°C to +1024°C)

Pin Description

PIN NAME FUNCTION

1 GND | Ground
Alumal Lead of Type-K Thermocauple.

2 T- Should be connected to ground
externally.

3 T+ | Chromel Lead of Type-& Thermocauple

. | Positive Supply. Bypass with a 0.1pF

N Vee | capasitor to GND.

5 SCK | Serial Clock Input

B o5 | Chie Select. Sat TS low to anabla the
serial interface.

7 80 Serial Data Output

8 NC. | Mo Connection

iled Description
The MAXGE75 is a sophisticated thermocouple-to-digi-
tal converter with a built-in 12-bit analog-to-digital con-
werter (ADC). The MAXBGETS also contains cold-junction
compensation sensing and correction, a digital con-
troller, an SPl-compatible interface, and associated
‘conirol logic
The MAXBE75 is designed to work in conjunction with an
external microcontroller (uC) or other intelligence in ther-
mostatic, process-control, or monitoring applications.

Temperature Conversion
The MAXEE75 includes signal-conditioning hardware to
«convert the thermocouple's signal into a voltage compat-
ible with the input channels of the ADC. The T+ and T-
inputs connect to internal circuitry that reduces the intro-
duction of noise errors from the thermocouple wires.

Before converting the thermoelectric voltages into
equivalent temperature values, it is necessary to com-
pensate for the difference between the thermocouple
cold-junction side (MAXE675 ambient temperature) and
a 0°C virtual reference. For a type-K thermocouple, the
voltage changes by 41uV/°C, which approximates the
thermocouple characteristic with the following linear
‘equation:

Vourt = (41uv ] °C) x (TR - Tame)

Where:
VouT is the thermocouple output voltage (pv)
Tg is the temperature of the remote thermocouple junc-
tion (*C).
Tama is the ambient temperature (°C).

Cold. Ci
The function of the thermocouple is to sense a differ-
ence in temperature between two ends of the thermo-
couple wires. The thermocouple's hot junction can be
read from 0°C to +1023.75°C. The cold end {(ambient
temperature of the board on which the MAXGETS is
maounted) can only range from -20°C to +85°C. While
the temperature at the cold end fluctuates, the
MAXBET5 continues to accurately sense the tempera-
ture difference at the opposite end.
The MAXE675 senses and corrects for the changes in
the ambient temperature with cold-junction compensa-
tion. The device converts the ambient temperature
reading into a voltage using a temperature-sensing
diode. To make the actual thermocouple temperature
measurement, the MAXBETS measures the voltage from
the thermocouple’s output and from the sensing diode.
The device's internal circuitry passes the diode's volt-
age (sensing ambient temperature) and thermocouple
voltage (sensing remote temperature minus ambient
temperature) to the conversion function stored in the
ADC to calculate the thermocouple’s hot-junction tem-
perature.

Optimal performance from the MAXBE75 is achieved
when the thermocouple cold junction and the MAXE675
are at the same temperature. Avoid placing heat-gener-
ating devices or components near the MAXBE75
because this may produce cold-junction-related errors.

Digitization
The ADC adds the cold-junction diode measurement
with the amplified thermocouple voltage and reads out
the 12-bit result onto the SO pin. A sequence of all
zeros means the thermocouple reading is 0°C. A
sequence of all ones means the thermocouple reading
is +1023.75°C.
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Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (0°C to +1024°C)

Applications Information

Serial Interface
The Typical Application Circuit shows the MAXGETS
interfaced with a microcontroller. In this example, the
MAXBETS processes the reading from the thermocou-
ple and transmits the data through a serial interface.
Force C8 low and apply a clock signal at SCK to read
the results at SO. Forcing CS low immediately stops
any conversion process. Initiate a new conversion
process by forcing cs high.

Force T8 low to output the first bit on the SO pin. A
complete serial interface read requires 16 clock cycles.
Read the 16 output bits on the falling edge of the clock.
The first bit, D15, is a dummy sign bit and is always
zero. Bits D14-D3 contain the converted temperature in
the order of MSB to LSB. Bit D2 is normally low and
goes high when the thermocouple input is open. D1 is
low to provide a device |D for the MAXB675 and bit DO
is three-state.

Figure 1a is the serial interface protocol and Figure 1b
shows the serial interface timing. Figure 2 is the SO out-
put.

Open Thermocouple
Bit D2 is normally low and goes high if the thermocou-
ple input is open. In order to allow the operation of the
open thermocouple detector, T- must be grounded.
Make the ground connection as close to the GND pin
as possible.

Noise Considerations
The accuracy of the MAXEETS is susceptible to power-
supply coupled noise. The effects of power-supply
noise can be minimized by placing a 0.1pF ceramic
bypass capacitor close to the supply pin of the device.

Thermal Considerations
Self-heating degrades the temperature measurement
accuracy of the MAXBETS in some applications. The
magnitude of the temperature errors depends on the
thermal conductivity of the MAXEE675 package, the

4. Sensor PZEM-004T

mounting technique, and the effects of airflow. Use a
large ground plane to improve the temperature mea-
surement accuracy of the MAXBETS.

The accuracy of a thermocouple system can also be

improved by following these precautions:

+ Use the largest wire possible that does not shunt
heat away from the measurement area.

» |f small wire is required, use it only in the region of
the measurement and use extension wire for the
region with no temperature gradient.

» Avoid mechanical stress and vibration, which could
strain the wires.

» When using long thermocouple wires, use a twisted-
pair extension wire.

= Awvoid steep temperature gradients.

» Try to use the thermocouple wire well within its tem-
perature rating.

# Use the proper sheathing material in hostile environ-
ments to protect the thermocouple wire.

» Use extension wire only at low temperatures and
only in regions of small gradients.

» Keep an event log and a continuous record of ther-
mocouple resistance.

Reducing Effects of Pick-Up Noise
The input amplifier (A1) is a low-noise amplifier
designed to enable high-precision input sensing. Keep
the thermocouple and connecting wires away from
electrical noise sources.

Chip Information

TRANSISTOR COUNT: 6720
PROCESS: BICMOS

AC POWER %
SUPPLY
NOUT| O 2 r|GND
]
NN [O gg O T
LIN | () MEASUREMENT g% ol rx
Lout| O SYSTEM ZE ol sv
9
SIGNAL [—*
Picture 3.1 PZEM-004T-10A Functional block diagram
AC POWER
SUPPLY
= 73 ' |GND
gg Ol T
NlO MEASUREMENT =2 o rx
SYSTEM s=
L|O 3 Q| sv
h
SIGNAL [—*

Picture 3.2

PZEM-004T-100A Functional block diagram
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1.Function description
1.1 Voltage

I.I.l  Measuring range:80—~ 260V
1.1.2  Resolution: 0.1V
1.1.3  Measurement accuracy: (.5%
1.2 Current
1.2.1  Measuring range: 0~10A(PZEM-004T-10A); 0~100A(PZEM-004T-100A)
1.22  Starting measure current: 0.01A (PZEM-004T-104) ; 0. 02A(PZEM-004T-100A)
1.23  Resolution: 0.001A
1.2.4  Measurement accuracy: 0.5%
1.3 Active power
1.3.1  Measuring range: 0~2.3kW (PZEM-004T-10A) ; 0~23kW (PZEM-004T-100A)
1.3.2  Starting measure power: 0.4W
1.3.3  Resolution: 0.1W
1.3.4  Display format:
<Z1000W, it display one decimal. such as: 999.9W
=1000W, it display only integer, such as: 1000W

1.3.5  Measurement accuracy: 0.5%

Active power threshold can be set, when the measured active power exceeds the threshold, it
can alarm

1.8 Communication interface

RS485 interface.
2 Communication protocol
2.1 Physical layer protocol
Physical layer use UART to RS485 communication interface
Baud rate is 9600, 8 data bits, 1 stop bit, no parity

2.2 Application layer protocol

The application layer use the Modbus-RTU protocol to communicate. At present, it only
supports function codes such as 0x03 (Read Holding Register), 0x04 (Read Input Register), 0x06
(Write Single Register), 0x41 (Calibration), 0x42 (Reset energy).etc.

0x41 function code is only for internal use (address can be only 0xFg), used for factory
calibration and return to factory maintenance occasions, after the function code to increase 16-bit
password, the default password is 0x3721

The address range of the slave is 0x01 ~ 0xF7. The address 0x00 is used as the broadcast
address, the slave does not need to reply the master. The address OxFS is used as the general

address, this address can he only nsed in single-slave environment and can he nsed for calibration
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1.4 Power factor
1.4.1  Measuring range: 0.00~1.00
1.42  Resolution: 0.01
1.43  Measurement accuracy: 1%
1.5 Frequency
1.5.1  Measuring range: 45Hz~65Hz
1.5.2  Resolution: 0.1Hz
1.5.3  Measurement accuracy: 0.5%
1.6 Active energy
1.6.1  Measuring range: 0—~9999.99kWh
1.6.2  Resolution: 1Wh
1.6.3  Measurement accuracy: 0.5%
1.64  Display format:
<<10kWh, the display unit is Wh(1kWh=1000Wh), such as: 9999Wh
=10kWh, the display unit is kWh, such as: 9999.99kWh
1.6.5  Reset energy: use software to reset.

1.7 Over power alarm

The address range of the slave is 0x01 ~ 0xF7. The address 0x00 is used as the broadcast
ddress, the slave does not need to reply the master. The address 0xFS8 is used as the general
ddress, this address can be only used in single-slave environment and can be used for calibration
tc.operation.

2.3 Read the measurement result

The command format of the master reads the measurement result is(total of 8 bytes):

Slave Address + 0x04 + Register Address High Byte + Register Address Low Byte + Number
if Registers High Byte + Number of Registers Low Byte + CRC Check High Byte + CRC Check
.ow Byte.

The command format of the reply from the slave is divided into two kinds:

Correct Reply: Slave Address + 0x04 + Number of Bytes + Register 1 Data High Byte +
tegister 1 Data Low Byte + ... + CRC Check High Byte + CRC Check Low Byte

Error Reply: Slave address + 0x84 + Abnormal code + CRC check high byte + CRC check
ow byte

Abnormal code analyzed as following (the same below)

®  (x01.lllegal function
®  (x02.lllegal address
®  (x03.llegal data
®  (x04.Slave error

The register of the measurement results is arranged as the following table

Register L. .
Description Resolution

address

0x0000 Voltage value 1LSB correspond to 0. 1V

0x0001 Current value low 16 bits | ILSB correspond to

0x0002 Current value high 16 bits | 0.001A

0x0003 Power value low 16 bits 1LSB 4 to 0. 10

0x0004 | Power value high 16 bits correspond 1o 0.




0x0003 Power value low 16 bits ILSB respond 1o 0. I

0x0004 | Power value high 16 bits correspond 1o U

0x0005 E ralue | 16 bit

x fetey vaue on - 175 1LSBE 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 OXFFTT 1s alarm,
0x0000is not alarm

For example, the master sends the following command (CRC check code is replaced by
OxHH and 0xLL, the same below)

0x01 +  Ox04 + 0x00 + 0x00 + 0x00 + Ox0A + OxHH + OxLL

Indicates that the master needs to read 10 registers with slave address 0x01 and the start
address of the register is 0x0000

The correct reply from the slave is as following:

0x01 + 0x04 + 0x14 + 0x08 + 0x98 + 0x03 + OxE8+0x00 + 0x00 +0x08 + 0x98+ 0x00 +
0x00 + 0x00 + 0x00 + 0x00 + 0x00 + 0x01 + 0xF4 + 0x00 + 0x64 + 0x00 + 0x00 + OxHH + 0xLL

The above data shows

®  Voltage is 0x0898, converted to decimal is 2200, display 220.0V
®  Current is 0x000003E8, converted to decimal is 1000, display 1.000A
®  Power is Ox00000898. converted to decimal is 2200. disnlav 220.0W

For example, the master sets the slave's power alarm threshold:
0x01 + Ox06 + 0x00 + 0x01 + 0x08 + 0xFC + OxHH + OxLL

Indicates that the master needs to set the 0x0001 register (power alarm threshold) to 0x08FC
(2300W).

Set up correctly, the slave return to the data which is sent from the master.

For example, the master sets the address of the slave

0x01 + 0x06 + 0x00 + 0x02 + 0x00 + 0x05 + OxHH + OxLL

Indicates that the master needs to set the 0x0002 register (Modbus-RTU address) to 0x0005
Set up correctly, the slave return to the data which is sent from the master.

25 Reset energy

The command format of the master to reset the slave's energy is (total 4 bytes):
Slave address + 0x42 + CRC check high byte + CRC check low byte.
Correct reply: slave address + 0x42 + CRC check high byte + CRC check low byte.

Error Reply: Slave address + 0xC2 + Abnormal code + CRC check high byte + CRC check
low byte

2.6 Calibration

The command format of the master to calibrate the slave is (total 6 bytes):

OxF8 + (41 + 0x37 + 0x21 + CRC check high byte + CRC check low byte.

Correct reply: OxF8 + 0x41 + 0x37 + 0x21 + CRC check high byte + CRC check low byre.
Error Reply: 0xF8 + 0xC1 + Abnormal code + CRC check high byte + CRC check low byte.

It should be noted that the calibration takes 3 to 4 seconds, after the master sends the
command, if the calibration is successful, it will take 3 ~ 4 seconds to receive the response from
the slave.

2.7 CRC check
CRC check use 16bits format, occupy two bytes, the generator polynomial is X16 + X15 +
X2 +1, the polynomial value used for calculation is 0xA001.

The value of the CRC check is a frame data divide all results of checking all the bytes except
the CRC check value.

88

Power is 0x00000898, converted to decimal is 2200, display 220.0W

Energy is 0x00000000, converted to decimal is (), display 0Wh

Frequency is Ox01F4, converted to decimal is 500, display 50.0Hz

Power factor is 0x0064, converted to decimal is 100, display 1.00

Alarm status 1s 0x0000, indicates that the current power is lower than the alarm power
threshold

2.4 Read and modify the slave parameters

At present,it only supports reading and modifying slave address and power alarm threshold

The register is arranged as the following table

Register
csister Description Resalution
address

0x0001 Power alarm threshold 1LSB correspond to IW
0x0002 Modbus=RTU address The range is 0x0001~0x00F7

The command format of the master to read the slave parameters and read the measurement
esults are same(descrybed in details in Section 2.3), only need to change the function code from
1x04 to 0x03.

The command format of the master to modify the slave parameters is (total of 8 bytes):

Slave Address + 0x06 + Register Address High Byte + Register Address Low Byte + Register
J/alue High Byte + Register Value Low Byte + CRC Check High Byte + CRC Check Low Byte.

The command format of the reply from the slave is divided into two kinds:

Correct Response: Slave Address + (x(06 + Number of Bytes + Register Address Low Byte +
Register Value High Byte + Register Value Low Byte + CRC Check High Byte + CRC Check Low

3yte.

Error Reply: Slave address + 0x86 + Abnormal code + CRC check high byte + CRC check
ow byte.
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