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ABSTRAK 

 

RANCANGAN SISTEM KONTROL DAN MONITORING SUBSTATION 

DISTRIBUTION PANEL (SDP) BERBASIS WEB DI BANDARA UDARA 

 

Oleh: 

Vica Pandu Aji 

NIT. 30118024 

 Sub Distribusi Panel merupakan salah satu alat yang mempunyai peran 

penting karena berhubungan langsung dengan sistem kelistrikan dibandara. Resiko 

permasalahan pada panel sangat kemungkinan bisa terjadi, dilain itu panel ini harus 

dipantau secara terus menurus. Sejauh ini sistem monitoring dan kontrol pada panel 

masih dilakukan secara manual dan tidak sedikit juga sudah ada yang menggunakan 

secara otomatis dikarenakan biaya yang cukup mahal. Untuk mempermudah 

dengan sistem monitoring dan kontrol secara otomatis dibutuhkan alat yang sangat 

berguna dan simple. 

 Alat ini didesain dengan sistem kontrol dan monitoring pada Sub 

Distribution Panel berbasis web agar mempermudah kinerja teknisi atau 

penggunanya ,untuk alat ini menggunakan PZEM004-T untuk sensor, ESP 32 

sebagai mikrokontroler dan ditampilkan melalui webiste yang berbasis IoT. Untuk 

kontrol dari alat ini menggunakan relay sebagai pemutus beban.  

 Hasil dari alat ini bisa dikontrol dan dimonitoring dari jarak jauh. Hasil   

pengukuran sensor arus memiliki kesalahn eror sebesar 0.03%. Sedangkan  dari 

pengukuran tegangannya memiliki kesalahan pembacaan eror sebesar 0.45%. 

Pengukuran tersebut masih wajar dalam batas toleransi pengukuran. Untuk 

tampilan download dari website berbentuk pdf yang sangat mempermudah dalam 

logbook. Kontrol pada alat juga sangat berfungsi dengan baik. Dengan penerapan 

sistem kontrol dan monitoring ini diharapan semua gangguan bisa diatasi dan 

dengan mudah diperbaiki, sehingga dengan metode ini kinerja teknisi menjadi lebih 

cepat dan efisien. 

Kata Kunci : Sub Distribusi Panel, PZEM004T, ESP32, Website. 
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ABSTRACT 

 

WEB-BASED SUBSTATION DISTRIBUTION PANEL (SDP) CONTROL 

AND MONITORING SYSTEM DESIGN AT AIRPORT 

By: 

Vica Pandu Aji 

NIT : 30118024 

 Sub Distribution Panel is a tool that has an important role because it is 

directly related to the electrical system at the airport. The risk of problems with the 

panel is very likely to occur, in addition this panel must be monitored continuously. 

So far, the monitoring and control system on the panel is still done manually and 

not a few are already using it automatically because the cost is quite expensive. To 

simplify the monitoring and control system automatically, a very useful and simple 

tool is needed. 

 This tool is designed with a control and monitoring system on a web-

based Sub Distribution Panel to facilitate the performance of technicians or users, 

for this tool it uses PZEM004-T for sensors, ESP 32 as a microcontroller and is 

displayed through an IoT-based webiste. For control of this tool using a relay as a 

load breaker. 

 The results of this tool can be controlled and monitored remotely. The 

current sensor measurement results have an error of 0.03%. Meanwhile, the voltage 

measurement has an error reading of 0.45%. These measurements are still within 

the tolerance limits of the measurement. To view the download from the website in 

the form of a pdf which is very easy in the logbook. The controls on the tool also 

work very well. With the implementation of this control and monitoring system, it 

is hoped that all disturbances can be overcome and easily repaired, so that with this 

method the technician's performance becomes faster and more efficient. 

Keywords : Sub Distribution Panel, PZEM004T, ESP32, Website.  
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LAMPIRAN 

LAMPIRAN ESP32 

ESP-WROOM-32 is a powerful, generic Wi-Fi+BT+BLE MCU module that targets a wide variety of 

applications, ranging from low-power sensor networks to the most demanding tasks, such as voice 

encoding, music streaming and MP3 decoding. 

At the core of this module is the ESP32-D0WDQ6 chip*. The chip embedded is designed to be 

scalable and adaptive. There are two CPU cores that can be individually controlled, and the clock 

frequency is adjustable from 80 MHz to 240 MHz. The user may also power off the CPU and make use 

of the low-power co-processor to constantly monitor the peripherals for changes or crossing of thresholds. 

ESP32 integrates a rich set of peripherals, ranging from capacitive touch sensors, Hall sensors, low-noise 

sense amplifiers, SD card interface, Ethernet, high- speed SPI, UART, I2S and I2C. 

The integration of Bluetooth, Bluetooth LE and Wi-Fi ensures that a wide range of applications can be 

targeted, and that the module is future proof: using Wi-Fi allows a large physical range and direct 

connection to the internet through a Wi-Fi router, while using Bluetooth allows the user to conveniently 

connect to the phone or broadcast low energy beacons for its detection. The sleep current of the ESP32 

chip is less than 5 µA, making it suitable for battery powered and wearable electronics applications. 

ESP32 supports a data rate of up to 150 Mbps, and 20.5 dBm output power at the antenna to ensure 

the widest physical range. As such the chip does offer industry-leading specifications and the best 

performance for electronic integration, range, power consumption, and connectivity. 

The operating system chosen for ESP32 is freeRTOS with LwIP; TLS 1.2 with hardware acceleration 

is built in as well. Secure (encrypted) over the air (OTA) upgrade is also supported, so that developers can 

continually upgrade their products even after their release. 

Table 2 provides the specifications of ESP-WROOM-32.  

 

ESP-WROOM-32 Specifications 

 

Categories Items Specifications 

 

 

Wi-Fi 

RF certification FCC/CE/IC/TELEC/KCC/SRRC/NCC 

 

Protocols 
802.11 b/g/n/e/i (802.11n up to 150 Mbps) 

A-MPDU and A-MSDU aggregation and 0.4 µs 

guard 

interval support 

Frequency range 2.4 ~ 2.5 GHz 

 

 

Bluetooth 

Protocols Bluetooth v4.2 BR/EDR and BLE specification 

 

Radio 
NZIF receiver with -97 dBm sensitivity 

Class-1, class-2 and class-3 transmitter 

AFH 

Audio CVSD and SBC 
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Categories Items Specifications 

 

 

 

 

 

 

 

Hardware 

 

 

Module interface 

SD card, UART, SPI, SDIO, I2C, LED PWM, 

Motor 

PWM, I2S, IR 

GPIO, capacitive touch sensor, ADC, DAC, 

LNA pre- 

amplifier 

On-chip sensor Hall sensor, temperature sensor 

On-board clock 40 MHz crystal 

Operating voltage/Power 

supply 

2.7 ~ 3.6V 

Operating current Average: 80 mA 

Minimum current delivered 

by 

power supply 

500 mA 

Operating temperature range -40°C ~ +85°C 

Ambient temperature range Normal temperature 

Package size 18±0.2 mm x 25.5±0.2 mm x 3.1±0.15 mm 

 

 

 

 

 

Software 

Wi-Fi mode Station/SoftAP/SoftAP+Station/P2P 

Wi-Fi Security WPA/WPA2/WPA2-Enterprise/WPS 

Encryption AES/RSA/ECC/SHA 

Firmware upgrade 
UART Download / OTA (download and write 

firmware 

via network or host) 

Software development 
Supports Cloud Server Development / SDK for 

cus- 

tom firmware development 

Network protocols IPv4, IPv6, SSL, TCP/UDP/HTTP/FTP/MQTT 

User configuration AT instruction set, cloud server, Android/iOS app 
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Name No. Type Function 

GND 1 P Ground 

3V3 2 P Power supply. 

EN 3 I Chip-enable signal. Active high. 

SENSOR_VP 4 I GPIO36, SENSOR_VP, ADC_H, ADC1_CH0, RTC_GPIO0 

SENSOR_VN 5 I GPIO39, SENSOR_VN, ADC1_CH3, ADC_H, RTC_GPIO3 

IO34 6 I GPIO34, ADC1_CH6, RTC_GPIO4 

IO35 7 I GPIO35, ADC1_CH7, RTC_GPIO5 

IO32 8 I/O 
GPIO32, XTAL_32K_P (32.768 kHz crystal oscillator input), ADC1_CH4, 

TOUCH9, RTC_GPIO9 

IO33 9 I/O 
GPIO33, XTAL_32K_N (32.768 kHz crystal oscillator output), ADC1_CH5, 

TOUCH8, RTC_GPIO8 

IO25 10 I/O GPIO25, DAC_1, ADC2_CH8, RTC_GPIO6, EMAC_RXD0 

IO26 11 I/O GPIO26, DAC_2, ADC2_CH9, RTC_GPIO7, EMAC_RXD1 

IO27 12 I/O GPIO27, ADC2_CH7, TOUCH7, RTC_GPIO17, EMAC_RX_DV 

Name No. Type Function 

IO14 13 I/O GPIO14, ADC2_CH6,  TOUCH6,  RTC_GPIO16,  MTMS,  HSPICLK, 

HS2_CLK, SD_CLK, EMAC_TXD2 

IO12 14 I/O GPIO12, ADC2_CH5, TOUCH5, RTC_GPIO15, MTDI,

 HSPIQ, 

HS2_DATA2, SD_DATA2, EMAC_TXD3 

GND 15 P Ground 

IO13 16 I/O GPIO13, ADC2_CH4, TOUCH4, RTC_GPIO14, MTCK,   

HSPID, 

HS2_DATA3, SD_DATA3, EMAC_RX_ER 

SHD/SD2* 17 I/O GPIO9, SD_DATA2, SPIHD, HS1_DATA2, U1RXD 

SWP/SD3* 18 I/O GPIO10, SD_DATA3, SPIWP, HS1_DATA3, U1TXD 

SCS/CMD* 19 I/O GPIO11, SD_CMD, SPICS0, HS1_CMD, U1RTS 

SCK/CLK* 20 I/O GPIO6, SD_CLK, SPICLK, HS1_CLK, U1CTS 

SDO/SD0* 21 I/O GPIO7, SD_DATA0, SPIQ, HS1_DATA0, U2RTS 

SDI/SD1* 22 I/O GPIO8, SD_DATA1, SPID, HS1_DATA1, U2CTS 

IO15 23 I/O GPIO15,   ADC2_CH3,   TOUCH3,   MTDO, HSPICS0,   RTC_GPIO13, 

HS2_CMD, SD_CMD, EMAC_RXD3 

IO2 24 I/O GPIO2, ADC2_CH2, TOUCH2, RTC_GPIO12, HSPIWP, HS2_DATA0, 

SD_DATA0 

IO0 25 I/O GPIO0, ADC2_CH1, TOUCH1, RTC_GPIO11,

 CLK_OUT1, 

EMAC_TX_CLK 

IO4 26 I/O GPIO4, ADC2_CH0, TOUCH0, RTC_GPIO10, HSPIHD, HS2_DATA1, 

SD_DATA1, EMAC_TX_ER 

IO16 27 I/O GPIO16, HS1_DATA4, U2RXD, EMAC_CLK_OUT 
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IO17 28 I/O GPIO17, HS1_DATA5, U2TXD, EMAC_CLK_OUT_180 

IO5 29 I/O GPIO5, VSPICS0, HS1_DATA6, EMAC_RX_CLK 

IO18 30 I/O GPIO18, VSPICLK, HS1_DATA7 

IO19 31 I/O GPIO19, VSPIQ, U0CTS, EMAC_TXD0 

NC 32 - - 

IO21 33 I/O GPIO21, VSPIHD, EMAC_TX_EN 

RXD0 34 I/O GPIO3, U0RXD, CLK_OUT2 

TXD0 35 I/O GPIO1, U0TXD, CLK_OUT3, EMAC_RXD2 

IO22 36 I/O GPIO22, VSPIWP, U0RTS, EMAC_TXD1 

IO23 37 I/O GPIO23, VSPID, HS1_STROBE 

GND 38 P Ground 

 

 

LAMPIRAN C. PZEM-004T 

AC digital display Multifunction Meter 

Product Type: PZEM-004(V3.0) A. Function 

1. Ectrical parameter measurement function (voltage, current, active power, energy). 

2. Overload alarm function (over power alarm threshold the power flash and the buzzer beeping to 

alarm). 

3. Power alarm threshold preset function ( can set power alarm threshold). 

4. The reset function of energy key. 

5. Store data when power off (store the accumulated energy before power off). 

6. Bright red digital display function (display voltage, current, active power, energy). 

7. Serial communication function (with TTL serial interface itself, can communicate with a variety 

of terminal through the pin board, read and set the parameters). 

B. Front display and key 

I. Display Interface 

Display interface is formed by four bright red digital tubes, used to display the voltage, current, power, 

energy parameters. 

II. Display Format 

1. Power: Test Range: 0 ~ 22kW 

Within 0 ~ 10kW, the display format is 

0.000 ~ 9.999; Within 10 ~ 22kW, the display format is 10.00 ~ 22.00. 
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2. Energy: Test Range: 0 ~ 9999kWh 

Within 0 ~ 10kWh, the display format is 

0.000 ~ 9.999; Within 10 ~ 100kWh, the display format is 10.00 ~ 99.99; Within 100 

~ 1000kWh, the display format is 100.0 ~ 999.9; 

1000 ~ 9999kWh and above, the display format is 1000 ~ 9999. 

 

3. Voltage: Test Range: 80 

~ 260VAC 

Display Format is 110.0 ~ 220.0. 

4. Current: Test Range: 0 ~ 100A 

Display Format is 00.00 ~ 99.99. 

III. Key 

There is a key on the panel, it can be used to reset energy. 

The method of reset energy: Long press the key for 5 seconds until the digital on energy display window 

flicker, then release the key. Short press the key again, then the energy data is cleared and quit the 

flickering state, now the reset operation is completed; if long press for 5 seconds again until no longer 

flicker, it means exit the reset state. 

C. Wiring diagram 

Figure 1 

Wiring diagram 

The wiring of this module is divided into two parts: the voltage and current test input terminal wiring and 

the serial communication wiring, as shown in Figure 1; according to the actual needs of the clients, with 

different TTL pin board to achieve communicate with different terminals. 



47 
 

 

 

D. Display Interface 

The whole meter panel display window is formed by four windows, they are voltage, current, power and 

energy; the following are brief description of each parameter display: 

1. Voltage Display 

Measure and display the current power frequency grid voltage. 

2. Current display 

Measure and display the current load (appliances) current. There is supplementary instruction that the 

current test value is from the beginning of 10mA , but this module belongs to high power test equipment, 

if you care about the mA level current testing accuracy, it is not be recommended. 

3. Energy display 

Measure and display the current accumulative power consumption. 

There is supplementary instruction 

that the minimum unit of the energy metering is 0.001kWh,which means it begins to accumulate from 

1Wh, relatively speaking, the resolution is rather high, for the low-power(within 100W)load test, you can 

observe the accumulative process rather intuitively. 

4. Power display 

Measure and display the current load power. There is supplementary instruction that the power test value 

is from the beginning of 0.001kW , which means it begins to test from 1W, but this module belongs to 

high power test equipment, if you have the requirement of the testing within 1W, it is not be 

recommended. 

E. Serial communication 

This module is equipped with TTL serial data communication interface, you can read and set the relevant 

parameters via the serial port; but if you want to communicate with a device which has USB or RS232 

(such as computer), you need to be equipped with different TTL pin board (USB communication needs 

to be equipped with TTL to USB pin board; RS232 communication needs to be equipped with TTL to 

RS232 pin board), the specific connection type as shown in Figure 2. In the below table are the 

communication protocols of this module: 
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Illustration of the communication protocol example：  

1. Set the communication address: 192.168.1.1 

Send command: 

B4 C0 A8 01 01 

00   1E  Reply 

data: A4 00 00 

00 00 00 A4 

Note: The above example illustrate that setting the communication address as 192.168.1.1 (the user can 

set their own address based on their preferences and needs), 
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COADING ARDUINO 

#include <PZEM004Tv30.h> 

#include <LiquidCrystal_I2C.h> 

#include "WiFi.h" 

#define BUILTIN_LED 2 

#define led_on digitalWrite(BUILTIN_LED,HIGH) 

#define led_off digitalWrite(BUILTIN_LED,LOW) 

#define pin_relay1 26 

 

 

#define relay1_on digitalWrite(pin_relay1,HIGH) 

#define relay1_off digitalWrite(pin_relay1,LOW) 

 

PZEM004Tv30 pzem1(&Serial2,2); 

 

LiquidCrystal_I2C lcd(0x27,16,2); 

 

 

const char* ssid     = "smart"; // wifi komputer 

const char* password = "smart123"; // password wifi komputer 

 

const char* host = "sdp.monitoringonline.net"; // ip komputer 

const int httpPort = 80; 

 

 

WiFiClient client; 

 

 

int ulang; 
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bool terhubung; 

String koneksi_wifi; 

long last_millis; 

int tampilan; 

int koneksi_ulang; 

long last_millis_send; 

void setup() { 

  Serial.begin(115200); 

  pinMode(BUILTIN_LED, OUTPUT); 

  digitalWrite(BUILTIN_LED, LOW); 

  pinMode(pin_relay1 ,OUTPUT); 

  relay1_off; 

 

  lcd.begin(); 

 

  Serial.print("Connecting to "); 

  Serial.println(ssid); 

  lcd.clear(); 

  lcd.setCursor(0,0); 

  lcd.print("Connecting....."); 

  lcd.setCursor(0,1); 

  lcd.print(ssid); 

   

  WiFi.mode(WIFI_STA); 

  WiFi.begin(ssid, password); 

 

  while (WiFi.status() != WL_CONNECTED) { 

    delay(500); 
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    Serial.print("."); 

  } 

  lcd.clear(); 

  Serial.println(""); 

  Serial.println("WiFi connected"); 

  Serial.println("IP address: "); 

  Serial.println(WiFi.localIP()); 

  lcd.setCursor(0,0); 

  lcd.print("WiFi connected"); 

  lcd.setCursor(0,1); 

  lcd.print(WiFi.localIP()); 

  delay(3000); 

  lcd.clear(); 

 

 } 

 

void loop() { 

  reconnecting_wifi(); 

   float kwh1 = pzem1.energy();  

   float arus1 =  pzem1.current();  

   float tegangan1 = pzem1.voltage();  

   float daya1 =  pzem1.power();  

 

   

   String protokol = "I1=" +String(arus1)+ 

    "&V1="+String(tegangan1)+ 

    "&P1="+String(daya1)+ 

    "&K1="+String(kwh1); 

    Serial.println(protokol); 
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   if ((millis()-last_millis_send)>5000){ 

    last_millis_send=millis(); 

    Serial.println("Kirim data!"); 

    String respons = send("/php/update.php?I1=" +String(arus1)+ 

    "&V1="+String(tegangan1)+ 

    "&P1="+String(daya1)+ 

    "&K1="+String(kwh1)); 

    Serial.println(">>"+respons); 

   } 

   lcd.setCursor(0,0); 

   lcd.print("V:"); 

   lcd.print(tegangan1); 

   lcd.print(" I:"); 

   lcd.print(arus1); 

   lcd.print("   "); 

 

   lcd.setCursor(0,1); 

   lcd.print("P:"); 

   lcd.print(daya1); 

   lcd.print(" E:"); 

   lcd.print(kwh1); 

   lcd.print("   "); 

 

   

    delay(100); 

}
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LAMPIRAN WIRING ALAT 

 

 

LAMPIRAN STANDAR OPERASIONAL PROSEDUR 

Untuk mengoperasikan alat kontrol dan monitoring panel tegangan 

menengah user harus melakukan standar operasional prosedur sebagai berikut : 

1. Langkah pertama pastikan alat tersebut terhubung pada sumber sebagai dari 

komponen yang ada pada alat tersebut. 

2. Pastikan alat telah terpasang baik pada output panel sdp, untuk  mengontrol 

dan memonitoring panel tersebut kita harus mendapat inputan dari panel 

untuk diolah menjadi data, kemudian akan ditampilkan pada lcd maupun 

website sebagai monitoring arus,  tegangan, dan daya  serta sebagai kontrol 

jarak jauh dari on atau off dari alat tersebut. 

3. Setelah alat ON/aktif langkah selanjutnya pastikan alat tersebut terhubung 

pada koneksi internet yang stabil, dikarenakan jika koneksi internet tidak 

stabil akan menghambat kinerja dari alat itu sendiri dan menyebabkan eror. 

4. Berikutnya setelah alat ON/aktif user dapat membuka link yang telah dibuat 

5. Setelah membuka link yang sudah tersedia, kemudian klik login.dengan 

username admin dan paswword admin123. Berikut gambar sebagai contoh 

tampilan pada website. 
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6. Setelah berhasil login akan muncul tampilan untuk monitoring pada panel 

dan tampilan kontrol , sekaligus aplikasi tersebut dapat dioperasikan sebagai 

kontrol dan monitoring jarak jauh. Pada website juga bisa mengundah 

laporan pengukuran yang kita inginkan Berikut tampilan pada website. 
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LAMPIRAN BIAYA ALAT 

Dalam pembuatan mockup ini penulis akan melampirkan biaya pembuatan 

mockup tersebut, berikut lampiran biaya pembuatan alat yang berjudul 

“RANCANGAN SISTEM KONTROL DAN MONITORING SUBSTATION 

DISTRIBUTION PANEL (SDP) BERBASIS WEB DI BANDARA UDARA”. 

NO KOMPONEN DAN 
ALAT 

HARGA 

 
 

1. 

ESP 32 

 
 

Rp. 75.000 

 
 

2. 

 

 

 

 

 

Buck Konverter 

 
 

Rp. 30.000 

3.  

SENSOR PZEM-004T 

 
 

RP. 164.000 

 
 

4. 

 

 

 

 

 

LCD 16X2 

 
 

Rp. 20.000 
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5. 

 

 

 

 

 

 

TERMINAL BLOCK 

 
 
 

Rp. 5.500 

 
 

6. 

 

 

 

 

 

 

KABEL SERABUT 1 X 

0,75 

 
 
 

Rp. 10.000 

 
 
 
7. 

 

 

 

 

 

 

 

 

MCB 

 
 
 
 

Rp. 35.000 

 
 
 
8. 

 

 

 

 

 

 

 

MODULE RELAY 

 
 
 

Rp. 20.000 

 
 

9. 

 

 

 

 

 

 

 

Stop Kontak Outbow 

 
 
 

Rp. 15.000 

 TOTAL Rp. 374.500 

Dari pembuatan mockup tersebut kurang lebih penulis menghabiskan 

biaya Rp.374.5000 untuk membeli komponen dan bahan. dari perincian biaya 

pembuatan mockup diatas dapat diharapkan sebagai tolak ukur dalam pembuatan 

alat berikutnya atau bias menjadi bahan pertimbangan untuk pengembangan 

mockup tersebut kedepannya. 
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