
 

 

 

 

 

 

 

 

 

 

 

 

 

 

LAMPIRAN I 



 

 

Proses Pemasangan Komponen, Perakitan, dan Pemotongan Pipa Pengaliran Air 

 

    

  

 



 

 

Pengecekan Akurasi Sensor DHT 21 Yang Terbaca Pada Aplikasi Blynk Dengan 

Hygrometer 

 

  

 

 



 

 

Foto Tanaman Anggur  dan Alat di Lokasi Kediaman Bapak Ir. M. Nawawi, M.T 

  

 

Pengecekan PH Tanah dan Kelembaban Tanah Dengan Soil Meter 

 

 



 

 

Tampilan Notifikasi Pada Aplikasi Blynk 

  

  

 

 

 

 

 



 

 

Grafik Sensor 

 

 

 



 

 

Tampilan Devices Blynk 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LAMPIRAN II 

  



 

 

 

  



 

 

  



 

 

 



 

 

 

  



 

 

 

  



 

 

 

 



 

 

 

  



 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LAMPIRAN III 



 

 

Digital temperature and humidity sensor 

DHT21/AM2301 

 

►Relative Humidity and Temperature Measurement  

► Fully calibrated, digital output  

► excellent long-term stability  

► No additional parts required  

► Ultra-long signal transmission distance  

► ultra low power consumption  

► 4 pin mount  

► completely interchangeable 

 

DHT21product description 

DHT21 digital temperature and humidity sensor is a temperature and 

humidity composite sensor with calibrated digital signal output. It uses dedicated 

digital module acquisition technology and temperature and humidity sensing 

technology to ensure that the product has extremely high reliability and excellent 

long-term stability. The sensor includes a capacitive humidity sensing element and 

an NTC temperature measuring element, and is connected with a high-performance 

8-bit microcontroller. Therefore, the product has the advantages of excellent quality, 

ultra-fast response, strong anti-interference ability, and high cost performance. Each 

DHT21 sensor is calibrated in an extremely precise humidity calibration chamber. 

The calibration coefficients are stored in the OTP memory in the form of a program, 

and these calibration coefficients are called in the sensor during the processing of the 

detection signal. Single-wire serial interface makes system integration easy and fast. 

The ultra-small size, extremely low power consumption, and the signal transmission 

distance can reach more than 20 meters, making it the best choice for various 

applications and even the most demanding applications. The product is packaged in a 

4-pin single-row pin. The connection is convenient, and the special packaging form 

can be provided according to the needs of users. 



 

 

Application field  

► HVAC    ► Testing and testing equipment  

► car     ► data logger  

► consumer goods   ► automatic control  

► weather station   ► home appliances  

► humidity regulator   ► the medical 

► Dehumidifier  

 

1. Sensor performance description 

 

2. The sampling period must not be lower than the minimum value, otherwise an 

error will be caused  



 

 

3. Interface Description  

It is recommended to use a 5K pull-up resistor when the length of the connecting 

line is shorter than 20 meters, and use a suitable pull-up resistor according to the 

actual situation when it is longer than 20 meters. 

 

3. Power pin 

The power supply voltage of DHT21 is 5V. After the sensor is powered on, it 

needs to wait for 1s to overcome the unstable state, and there is no need to send 

any instructions during this period. A 100nF capacitor can be added between the 

power supply pins (VDD, GND) for decoupling and filtering. 

4. Single bus interface 

DATA is used for communication and synchronization between the 

microprocessor and DHT21. It adopts single-bus data format, and the 

communication time is about 5ms. 

Data Format: 40bit data = 16bit humidity data + 16bit temperature data + 8bit 

checksum 

Example: Receive 40bit data as follows: 



 

 

 

high humidity 8 bit + low humidity 8 bit + temp high 8 bit + temp low 8 end 

of bit = 8bits = checksum  

Example: 00000010+1000 1100+0000 0001+0101 1111=1110 1110 

Humidity = 65.2%RH temperature =35.1℃ When the temperature is lower 

than0The highest position of the temperature data in °C is 1.  

For example: -10.1℃ is expressed as1000 0000 0110 0101 

After the user host (MCU) sends a start signal, DHT21 switches from low-power 

mode to high-speed mode, waits for the host start signal to end, DHT21 sends a 

response signal, sends 40bit data, and triggers a signal acquisition. (Note: The 

temperature and humidity data read by the host from DHT21 is always the previous 

measured value. If the interval between two measurements is very long, please read 

twice in a row to obtain real-time temperature and humidity values) 

 
Figure 1 

When idle, the bus is at high level. At the beginning of communication, the 

master (MCU) pulls down the bus for 500us and then releases the bus. After a delay 

of 20 -40us, the master starts to detect the response signal from the slave (DHT21).  

The response signal of the slave is a low level of about 80us, and then the 

slave pulls up the bus for about 80us to indicate that it is about to enter the data 

transmission. 



 

 

 
Figure 2 

After the high level is the data bit, each 1bit of data is composed of a low 

level time slot and a high level group become. The low-level time slot is a low level 

of about 50us, which represents the beginning of the data bit, and the length of the 

subsequent high level determines the value represented by the data bit. The longer 

high level represents 1, and the shorter high level The level represents 0. A total of 

40bit data, when the last bit data transmission is completed, the slave will pull down 

the bus again for about 50us, then release the bus, and pull it up by the pull-up 

resistor. 

 

The digital 1 signal representation method is shown in Figure 4 

 

Figure 4 

 

Digital 0 signal representation method. As shown in Figure 5 



 

 

 

Figure 5 

 

5. Measurement resolution  

The measurement resolutions are 16bit (temperature) and 16bit (humidity).  

6. Electrical characteristics VDD=5V,T = 25°C, unless otherwise noted 

 

 

Note: The sampling cycle interval should not be less than 1.7 seconds (2 seconds is recommended). 

7. application information 

7.1 Working and storage conditions 

Temporary drifting signals of up to 3%RH may result outside the 

recommended operating range. After returning to normal operating conditions, the 



 

 

sensor will slowly return to calibration. To speed up the recovery process/see Section 

7.3, "Recovery Processing". Prolonged use under abnormal working conditions will 

accelerate the aging process of the product. 

7.2 Exposure to chemicals 

The moisture-sensing layer of the capacitive humidity sensor will be 

disturbed by chemical vapor, and the diffusion of chemical substances in the sensing 

layer may cause the drift of the measured value and the decrease of sensitivity. In a 

pure environment, pollutants are released slowly. The recovery process described 

below will speed up this process. High concentrations of chemical contamination can 

lead to complete damage to the sensing layer of the sensor. 

7.3 Recovery processing 

Sensors placed under extreme working conditions or in chemical vapors can 

be restored to the state at the time of calibration through the following procedures. 

Keep at 50-60°C and < 10%RH for 2 hours (drying); then keep at 20-30°C and 

>70%RH for more than 5 hours. 

7.4 Temperature effect 

The relative humidity of a gas is largely dependent on temperature. 

Therefore, when measuring humidity, it should be ensured that the humidity sensor 

works at the same temperature as much as possible. If the printed circuit board is 

shared with the electronic components that release heat, the DHT21 should be 

installed as far away from the heat-generating electronic components as possible, and 

installed under the heat source, while keeping the casing well ventilated. 

7.5 light 

Prolonged exposure to sunlight or strong UV radiation will degrade 

performance. 

7.6 Precautions for Wiring 



 

 

The quality of DATA signal wire will affect the communication distance and 

communication quality, it is recommended to use high-quality shielded wire. 

8. Packaging information 

 

9. DHT21 pin description 

 



 

 

NODEMCU ESP8266  

The NodeMCU (Node MicroController Unit) is an open- 

source software and hardware development environment 

built around an inexpensive System-ona-Chip (SoC) 

called the ESP8266. The ESP8266, designed and 

manufactured by Espressif Systems, contains the crucial 

elements of a computer: CPU, RAM, networking (WiFi), 

and even a modern operating system and SDK. That 

makes it an excellent choice for Internet of Things (IoT) 

projects of all kinds.  

  

However, as a chip, the ESP8266 is also hard to access 

and use. You must solder wires, with the appropriate 

analog voltage, to its pins for the simplest tasks such as powering it on or sending a 

keystroke to the “computer” on the chip. You also have to program it in low-level 

machine instructions that can be interpreted by the chip hardware. This level of 

integration is not a problem using the ESP8266 as an embedded controller chip in 

mass-produced electronics. It is a huge burden for hobbyists, hackers, or students 

who want to experiment with it in their own IoT projects.  

  

But, what about Arduino? The Arduino project created an opensource hardware 

design and software SDK for their versatile IoT controller. Similar to NodeMCU, the 

Arduino hardware is a microcontroller board with a USB connector, LED lights, and 

standard data pins. It also defines standard interfaces to interact with sensors or other 

boards. But unlike NodeMCU, the Arduino board can have different types of CPU 

chips (typically an ARM or Intel x86 chip) with memory chips, and a variety of 

programming environments. There is an Arduino reference design for the ESP8266 

chip as well. However, the flexibility of Arduino also means significant variations 

across different vendors. For example, most Arduino boards do not have WiFi 

capabilities, and some even have a serial data port instead of a USB port.  

 

NodeMCU Specifications  

The NodeMCU is available in various package styles. Common to all the designs is 

the base ESP8266 core. Designs based on the architecture have maintained the 

standard 30-pin layout. Some designs use the more common narrow (0.9″) footprint, 

while others use a wide (1.1″) footprint – an important consideration to be aware of.  

  

The most common models of the NodeMCU are the Amica (based on the standard 

narrow pin-spacing) and the LoLin which has the wider pin spacing and large.  



 

 

board. The open-source design of the base ESP8266 enables the market to design 

new variants of the NodeMCU continually.  

  

 

  

Amica NodeMCU measures 49mm x 26mm with a standard pin space of 0.1″ 

between pins and 0.9″ between rows.  

  

The Amica NodeMCU is approximately 25% smaller in size than a closely 

compatible LoLin style NodeMCU  

 

 

Amico NodeMCU mounted to a 102mm x 51mm carrier board with dual DB-09 

male/female connectors  

 

 

 

 

 

 

 

 

 

 

 

Official   Amica   NodeMCU   

on   Carrier   Board   
  

Official   Amica   

NodeMCU   
  



 

 

 

 

LoLin style NodeMCU measures 58mm x 32mm with a pin spacing of 0.1″ between 

pins and 1.1″ between row  

 

NodeMCU Pinout and Functions Explained  

  

 

• Power Pins There are four power pins. VIN pin and three 3.3V pins.  VIN can be 

used to directly supply the NodeMCU/ESP8266 and its peripherals. Power delivered 

on VIN is regulated through the onboard regulator on the NodeMCU module – you 

can also supply 5V regulated to the VIN pin  

 

• 3.3V pins are the output of the onboard voltage regulator and can be used to 

supply power to external components.  

 

• GND are the ground pins of NodeMCU/ESP8266  

Lolin   

NodeMCU   



 

 

• I2C Pins are used to connect I2C sensors and peripherals. Both I2C Master and 

I2C Slave are supported. I2C interface functionality can be realized 

programmatically, and the clock frequency is 100 kHz at a maximum. It should be 

noted that I2C clock frequency should be higher than the slowest clock frequency of 

the slave device. 

 

• GPIO Pins NodeMCU/ESP8266 has 17 GPIO pins which can be assigned to 

functions such as I2C, I2S, UART, PWM, IR Remote Control, LED Light and 

Button programmatically. Each digital enabled GPIO can be configured to internal 

pull-up or pull-down, or set to high impedance. When configured as an input, it can 

also be set to edge-trigger or leveltrigger to generate CPU interrupts.  

 

• ADC Channel The NodeMCU is embedded with a 10-bit precision SAR ADC. 

The two functions can be implemented using ADC. Testing power supply voltage of 

VDD3P3 pin and testing input voltage of TOUT pin. However, they cannot be 

implemented at the same time. 

 

• UART Pins NodeMCU/ESP8266 has 2 UART interfaces (UART0 and UART1) 

which provide asynchronous communication (RS232 and RS485), and can 

communicate at up to 4.5 Mbps. UART0 (TXD0, RXD0, RST0 & CTS0 pins) can be 

used for communication. However, UART1 (TXD1 pin) features only data transmit 

signal so, it is usually used for printing log.  

 

• SPI Pins NodeMCU/ESP8266 features two SPIs (SPI and HSPI) in slave and 

master modes. These SPIs also support the following general-purpose SPI features:  

• 4 timing modes of the SPI format transfer  

• Up to 80 MHz and the divided clocks of 80 MHz  

• Up to 64-Byte FIFO  

 

• SDIO Pins NodeMCU/ESP8266 features Secure Digital Input/Output Interface 

(SDIO) which is used to directly interface SD cards. 4-bit 25 MHz SDIO v1.1 and 4-

bit 50 MHz SDIO v2.0 are supported.  

 

• PWM Pins The board has 4 channels of Pulse Width Modulation (PWM). The 

PWM output can be implemented programmatically and used for driving digital 

motors and LEDs. PWM frequency range is adjustable from 1000 μs to 10000 μs 

(100 Hz and 1 kHz).  

 

• Control Pins are used to control the NodeMCU/ESP8266. These pins include Chip 

Enable pin (EN), Reset pin (RST) and WAKE pin.  

• EN: The ESP8266 chip is enabled when EN pin is pulled HIGH. When pulled 

LOW the chip works at minimum power.  

• RST: RST pin is used to reset the ESP8266 chip.  

• WAKE: Wake pin is used to wake the chip from deep-sleep.  

• Control Pins are used to control the  



 

 

NodeMCU/ESP8266. These pins include Chip Enable pin (EN), Reset pin (RST) and 

WAKE pin. 

• EN: The ESP8266 chip is enabled when EN pin is pulled HIGH. When pulled 

LOW the chip works at minimum power. 

• RST: RST pin is used to reset the ESP8266 chip.  

• WAKE: Wake pin is used to wake the chip from deep-sleep.  

 

PZEM-003/017 DC communication module 

Overview  

This document describes the specification of the PZEM-003/017 DC communication 

module, the module is mainly used for measuring DC voltage, current, active power, frequency 

and energy consumption, the module is without display function, the data is read through the 

RS485 interface.  

PZEM-003: Measuring Range 10A (Built-in Shunt)  

PZEM-017: Measuring Range 50A、100A、200A、300A (the current  

range is depend on the external shunt specification )  

1. Function description   

  

1.1 Voltage  

  
1.1.1 Measuring range:0.05-300V. (when the test voltage is ＜ 7V, please use the independent 

power supply mode)  

1.1.2 Resolution:0.01V.   
1.1.3 Measurement accuracy:1%.  

  
1.2 Current  

  
1.2.1 Measuring range:0.01-10A(PZEM-003);0.02-300A(PZEM017;can be matched with 

50、100、200、300A four kinds of shunt).  

1.2.2 Resolution:0.01A   
1.2.3 Measurement accuracy:1%  

  
1.3 Power  

1.3.1 Measuring range:0.1-3kW(PZEM-003);0.2-90kW(PZEM-017)   

1.3.2 Resolution: 0.1W  

1.3.3 Measurement accuracy:1%  

  
1.4 Energy Consumption  



 

 

1.4.1 Measuring range: 0-9999kWh  

1.4.2 Resolution: 1Wh  

1.4.3 Measurement accuracy:1%  
1.4.4 Reset energy: use software to reset.  

  
1.5 Over Voltage alarm  

Voltage threshold can be set, divide into high voltage and low voltage threshold, when the 

measured voltage exceeds the threshold, it can alarm  

The default high voltage threshold is 300V, the default low voltage threshold is 7V.  

1.6 Communication interface  

1. 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, 2 

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 0xF8), 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 0xF8 is used as the general 

address, this address can be only used in single-slave environment and can be used for calibration 

etc.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 of Registers High Byte + Number of Registers 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 Reply: Slave Address + 0x04 + Number of Bytes + Register 1 Data High Byte + Register 

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 low 

byte  

Abnormal code analyzed as following (the same below)  

 0x01,Illegal function;  

 0x02,Illegal address;  

 0x03,Illegal data;  

Register  

address   
Description   Resolution   

0x0000   Voltage value   1LSB correspond to 0.01V   

0x0001   Current value   1LSB correspond to 0.01A   

0x0002   
Power value low 

16 bits   

  

  

1LSB correspond to 0.1W   
0x0003   

Power value high   

16 bits   

0x0004   
Energy value low   

16 bits   

  

  

1LSB correspond to 

1Wh    0x0005   
Energy value high  

16 bits   

0x0006   
High voltage alarm 

status   

0xFFFF is alarm,0x0000 is not  

alarm   

0x0007   
Low voltage alarm 

status   

 0xFFFF is alarm,0x0000 is not  

alarm   

 

 0x04,Slave error.  

  

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

For example, the master sends the following command (CRC check code is replaced by 

0xHH and 0xLL, the same below):  

0x01 + 0x04 + 0x00 + 0x00 + 0x00 + 0x08 + 0xHH + 0xLL  

Indicates that the master needs to read 8 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 + 0x10 + 0x27 + 0x10 + 0x00 + 0x64 + 0x03 + 0xE8 + 0x00 + 0x00 + 0x00 +  



 

 

0x00 + 0x00 + 0x00 + 0x00 + 0x00 + 0x00 + 0x00 + 0xHH + 0xLL  

The above data shows  

 Voltage is 0x2710，converted to decimal is 10000,display 100.00V；  

 Current is 0x0064，converted to decimal is 100,display 1.00A；  

 Power is 0x000003E8，converted to decimal is 1000,display 100.0W；  

 Energy is 0x00000000，converted to decimal is 0,display 0Wh；  

 High voltage alarm status 0x0000,indicates the current voltage is lower than the high voltage 

threshold.  

 Low voltage alarm status 0x0000,indicates the current voltage is higher than the low voltage 

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   

 

addres

s   

 Description   Resolution   

0x0000  

  

The command format of the master to read the slave parameters and read the measurement 

results are same(described in details in Section 2.3), only need to change the function code from 

0x04 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 Value High Byte + Register Value Low Byte + CRC Check High Byte + CRC Check 

Low Byte.  

 0High 

volx0001  

threshol 

tageLow  alarm voltage alarm 

threshold  1 LSB cor 

d(（5~350V1~350V),default）,default 

is  is 7V 300V   0.01V   

respond1LSB 

correspond to   to   

0.01V   

0x0002   Modbus-RTU address   
The range is   

0x0001~0x00F7   

  

  

0x0003   

  

The current range(only for   

PZEM-017)   

0x0000：100A  

0x0001：50A   

0x0002：200A   

0x0003：300A   



 

 

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

  

Correct Response: Slave Address + 0x06 + Number of Bytes + Register Address Low Byte 

+ Register Value High Byte + Register Value Low Byte + CRC Check High Byte + CRC Check 

Low Byte.  

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

low byte.  

For example, the master sets the slave's high voltage 

alarm threshold: 0x01 + 0x06 + 0x00 +  

0x00 + 0x4E + 0x20 + 0xHH + 0xLL  

Indicates that the master needs to set the 0x0000 register (high voltage alarm threshold) to 

0x4E20（200.00V）.  

 

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

master sets the low voltage alarm threshold of the slave 0x01 + 0x06 +  

0x00 + 0x01 + 0x03 + 0xE8 + 0xHH + 0xLL  

Indicates that the master needs to set the 0x0001 register (low voltage alarm threshold) to 

0x03E8(10.00V).  

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 + 0xHH + 0xLL  

  

Indicates that the master needs to set the 0x0002 register (ModbusRTU address) to 0x0005 Set up 

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

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  

2.5 Calibration  

  

The command format of the master to calibrate the slave is 

(total 6 bytes): 0xF8 + 0x41 + 0x37 + 0x21 + CRC check 

high byte + CRC check low byte.  

Correct reply: 0xF8 + 0x41 + 0x37 + 0x21 + CRC check high byte + CRC check low 

byte.  

  

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.  

2.6 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 all results of a frame data checking divide CRC    

  
3. Functional block diagram   

  

 



 

 

 Picture 3  Functional block diagram  

 

4. Wiring diagram   

 Picture 4.1  PZEM-003Wiring diagram  

  

 

  

 Picture 4.2  PZEM-017 Wiring diagram  

  

5. Other instructions   

  

5.1 RS485 interface is passive output, need external connect 5V power 

supply and the the external power supply should ＞100mA.  

  

When the input test voltage is less than 7V, it must supply 5V independent work 

voltage  

through MICRO USB port；  
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