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The village of Gerbosari has a program for cultivating spice rhizome 

plants as an effort to improve the economy. These plants are dried 

using a Solar Dryer Dome (SDD) as a solution to the rain-related 

issues. The SDD has an automatically controlled exhaust fan based on 

the measured temperature. Temperature and humidity readings are 

taken using DHT22 and DHT11 sensors, respectively. Weather 

conditions (clear or rainy) are detected using a rain sensor. Weather, 

temperature, and humidity monitoring are done through On The Spot 

(OTS) and Internet of Things (IoT) methods. OTS utilizes an LCD 

16x2, while IoT utilizes the Blynk application and WhatsApp. The 

temperature errors for DHT22 and DHT11, respectively, are 1.572% 

and 0.721%, while the humidity errors are 5.223% for DHT22 and 

3.214% for DHT11. If the error values approach 5% or more, program 

adjustments are necessary. Throughout the day, regardless of clear or 

rainy weather, the temperature inside the SDD is higher, and the 

humidity is lower than the temperature and humidity outside. 
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1. INTRODUCTION  

Kalurahan Gerbosari is one of the sub-villages in the Samigaluh Sub-district, Kulon Progo Regency [1]. 

It has a program for cultivating spice rhizome plants, which are agricultural or plantation products aimed at 

improving the economy [2]. One of the products made from these spice rhizomes and marketed in Gerbosari 

Village is herbal tea. The plants should be prepared in a dry condition to ensure their longevity [3]. The drying 

process requires specific temperature and time to reduce the moisture content in the plants. Once the plants are 

dried while preserving their original form, they are called “simplisia” [4]. 

However, drying poses challenges during rainy weather as it can affect the quality and storage life of the 

simplisia. To address this, the village uses a Solar Dryer Dome (SDD), a closed space designed to absorb solar 

energy and retain heat inside [5]. The SDD is equipped with an exhaust fan on one side, located at the back, to 

ensure proper air circulation [6]. The SDD serves as a drying solution during rainy weather. 

The exhaust fan is not active 24/7 but is controlled based on the temperature inside the SDD. It plays a 

crucial role in maintaining a stable temperature inside the SDD and is automatically controlled. Additionally, 

the temperature inside the SDD should be higher than the outside temperature. 

Weather, temperature, and humidity readings are taken using rain sensors and temperature sensors (for 

both temperature and humidity). The DHT22 sensor measures the temperature inside the SDD and is also used 

to determine the automation of the exhaust fan. On the other hand, the DHT11 sensor measures the temperature 

outside the SDD [7], [8]. 

Before conducting measurements, the temperature and humidity sensors need to be calibrated. This 

calibration determines the difference between the sensors used and the standard measuring tool. The standard 

measuring tool used is the ThermoPro TP50 thermohygrometer. If the measurement values exceed the standard 

limit, they need to be adjusted through the program code. 

Weather, temperature, humidity, and exhaust fan conditions can be monitored either on-site (On the Spot) 

or remotely through the Internet of Things (IoT). IoT is a technology that enables remote interactions with the 

help of software [9]. One popular IoT software is Blynk. Additionally, WhatsApp (WA) can also be used for 

IoT by sending messages to monitor or control the system [10]. 

 

2. METHOD 

The method used is monitoring and control, both for short distances (On the Spot/OTS) and long distances 

(Internet of Things/IoT). The monitored parameters are weather, temperature, and humidity both inside and 

outside the SDD. The automatic control is applied to the exhaust fan. The results of the OTS monitoring and 

control are displayed on an LCD 16x2 screen, while IoT monitoring and control are done through the Blynk 

application and WhatsApp. 

 

2.1. System Design  

The system design is divided into hardware design and software design. The hardware design is described 

in a wiring diagram, while the software design includes block diagrams and flowcharts. The block diagram 

contains the stages or processes within the system being created [11]. The wiring diagram illustrates the cabling 

and communication paths between components in the system [12], [13]. The flowchart explains the workflow 

of the system based on the planning that has been made [14]. 

 

2.1.1. Software Design 

The block diagram is divided into three parts: input, process, and output. The input section consists of 

sensor blocks (DHT11, DHT22, and rain sensor). The process section includes internet modem and 

microcontrollers (Main and WA). The output section comprises monitoring (via WhatsApp), an interface, and 

control (Relay). The interface block is further divided into IoT (Blynk) and OTS (LCD 16x2) blocks. The block 

diagram of the system can be seen in Figure 1. 

DHT11 and DHT22 are temperature and humidity sensors [15]–[19]. The difference between the two 

sensors lies in their characteristics and measurement ranges. DHT11 reads temperatures from 0-50°C, while 

DHT22 operates in the range of -40°C to 80°C [20], [21]. DHT22 is superior in terms of measurement, 

especially due to its wider range compared to DHT11. 

The microcontrollers used are Node MCU ESP8266 and Wemos Lolin D1 Mini. Node MCU ESP8266 

serves as the main microcontroller, while Wemos Lolin D1 Mini functions as the microcontroller for WA. 

Node MCU ESP8266 is a newer development of Arduino and is more affordable [23]. Similarly, Wemos Lolin 

D1 Mini is based on ESP8266, integrating a WiFi chip [24]. ESP8266 excels in its use as it can handle IoT 

communication within a single device [25], [26]. 

The communication path in the block diagram is unidirectional. The output section, monitoring, and 

interface only display monitoring results and controls. WhatsApp is utilized to send scheduled messages to the 
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user. On the other hand, Blynk operates in real-time, displaying unscheduled monitoring results and controls, 

accessible at any time. 

 

 
Figure 1. Block diagram 

 

The flowchart is divided into three parts, namely the DHT11, DHT22, and rain sensor flowcharts. The 

DHT11 flowchart explains the process of reading temperature and humidity outside the SDD (System Design 

Document). The DHT22 flowchart includes the steps for reading temperature data for relay automation. 

Finally, the rain sensor flowchart displays notifications “Rain” or “Clear” based on the current weather 

conditions. The flowcharts for DHT11, DHT22, and the rain sensor can be seen in Figure 2, Figure 3, and 

Figure 4, respectively. 

 

  
 

Figure 2. DHT11 flowchart Figure 3. DHT22 flowchart Figure 4. Rain sensors flowchart 

 

2.1.2. Hardware Design 

The wiring diagram includes data and power connections between components [22]. The power source 

used is a 12VDC adapter. The power output from the adapter is split into +9VDC and +5VDC. The main 

microcontroller, buck converter, and device fan use +9VDC. Meanwhile, the WA microcontroller, LCD 16x2, 

and rain sensor module use +5VDC. The wiring diagram can be found in Figure 5, and the equipment 

implementation can be seen in Figure 6. 

 

8633-Article%20Text-31956-1-18-20230719.docx#fig2
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Figure 5. Diagram wiring 

 

Table 1 explains the data and power connections of components linked to the main microcontroller. These 

components include the I2C-to-LCD module, rain sensor module, DHT22 sensor, and DHT11 sensor. For the 

DHT11 sensor, “g” indicates GND (Ground), “v” represents +VCC (Power supply), and “s” denotes data 

connection.  

 

Table 1. The data and power connections linked to the main microcontroller are as follows 
Main Microcontroller Colour (Terminal) 

Base Board V1.0 Module Sensors 

Node MCU ESP8266 I2C-to-LCD Rain Sensors DHT22 DHT11 

+5VDC / VUSB Red (VCC) Red (VCC)   

GND Black (GND) Black (GND) Black (GND) Black (g) 

+3VDC   Red (VCC) Red (v) 

D1 Grey (SCL)    

D2 White (SDA)    

D3   Kuning (OUT)  

D4    Hijau (s) 

D6  Orange (D0)   

 

Table 2 explains the data path of components and power supply connected to the microcontroller WA. 

These components include LED indicators, rain sensor modules, DHT22, and DHT11 sensors. Unlike the main 

microcontroller, the I2C-to-LCD module component is replaced with a LED indicator. 
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Table 2. The data path and power supply connected to microcontroller WA 
Microcontroller WA Colour (Terminal) 

Wemos Lolin 

D1 Mini 

Indicator Module Sensors 

LED Rain Sensors DHT22 DHT11 

+5VDC  Red (VCC)   

GND Black (GND) Black (GND)   

+3VDC Red (VCC)    

D3   Yellow (OUT)  

D4    Green (s) 

D6  Orange (D0)   

 

Table 3 explains the data path and power supply connections for components other than the main 

microcontroller or WA. These components include jumpers (JP1 to JP4), microUSB, T-Block, power jack, 

USB, auto-reset, and a fan. For microUSB and USB, the red line (OUT 7805 and the cathode of D2) is set to 

+5VDC. Additionally, the T-Block is connected to the SDD exhaust fan as an automation output. 

 

Table 3. The data path and power supply connections, apart from the main microcontroller or WA 

Component 
Terminal 

Red Black Yellow Green Orange Purple White Brown 

JP1   OUT S D0    

JP2 +9VDC GND       

JP3 +5VDC GND       

JP4 +3VDC GND       

MicroUSB OUT 7805 GND       

T-Block      NO COM  

Power jack +12VDC GND       

USB Cathode D2 GND       

Auto-reset  GND      COM 

Fan +9VDC GND       

 

 
Figure 6. Tool implementation 

 

3. RESULTS AND DISCUSSION  

The research conducted involves several stages, namely calibration, fan automation, weather detection, 

and comparison. Calibration includes the DHT11 and DHT22 sensors compared to the standard measuring 

instrument (Thermohygrometer) ThermoPro TP50. Relay automation is used for the SDD exhaust fan. The 

current weather conditions are updated as “Rain” or “Clear” on the SDD. Finally, the comparison includes 

observations of temperature and humidity inside and outside the SDD. 

 

3.1. Calibration 

The calibration process is carried out to determine the comparison of measurement differences between 

the sensor values and the reference values from the standard measuring instrument [27]. The tolerance value 

or level of error should be less than 5% [28]. If the error value exceeds 5%, adjustments to the sensor values 

are necessary. This calibration involves the DHT11 and DHT22 sensors, as well as the standard measuring 
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instrument (Thermohygrometer) ThermoPro TP50. Figure 7 displays the process of calibrating the sensors with 

ThermoPro. 

 

 
Figure 7. Sensor calibration process with ThermoPro. Information for figure, Nilai hujan is a description of 

the value of rain, hujan is a description of rain, suhu is a description of temperature, lembap is a description 

of humidity 

 

Table 4 and Table 5 each explain the temperature measurements for DHT11 and DHT22 compared to 

ThermoPro. These measurements show that the average temperature difference of DHT22 compared to 

ThermoPro is 0.48°C with an error of 1.572%. On the other hand, for DHT11, the average temperature 

difference compared to ThermoPro is 0.22°C with an error of 0.721%. 

 

Table 4. Temperature measurement using DHT11 and ThermoPro 
No ThermoPro (°C) DHT11 (°C) Error (%) 

1 30.80 30.80 0.000 

2 30.70 30.80 0.326 

3 30.60 30.80 0.654 

4 30.50 30.70 0.656 

5 30.50 30.20 0.984 

6 30.50 30.20 0.984 

7 30.50 30.20 0.984 

8 30.50 30.20 0.984 

9 30.50 30.20 0.984 

10 30.40 30.20 0.658 

Average 0.721 

 

Table 5. DHT22 and ThermoPro temperature measurement 
No ThermoPro (°C) DHT22 (°C) Error (%) 

1 30.80 31.20 1.299 

2 30.70 31.10 1.303 

3 30.60 31.00 1.307 

4 30.50 31.00 1.639 

5 30.50 31.00 1.639 

6 30.50 31.00 1.639 

7 30.50 31.00 1.639 

8 30.50 31.00 1.639 

9 30.50 31.00 1.639 

10 30.40 31.00 1.974 

Average 1.572 

 

Table 6 and Table 7 each explain the humidity measurements for DHT11 and DHT22 compared to 

ThermoPro. These measurements show that the average humidity difference of DHT22 compared to 

ThermoPro is 4% with an error of 5.223%. On the other hand, for DHT11, the average humidity difference 

compared to ThermoPro is 2% with an error of 3.214%. 

 

DHT22 

DHT11 

ThermoPro 

TP50 

 

LCD 

16x2 

Blynk 

Smartphone 
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Table 6. Humidity measurement DHT11 and ThermoPro 
No ThermoPro (%) DHT11 (%) Error (%) 

1 75 74 1.333 

2 75 72 4.000 

3 75 72 4.000 

4 75 72 4.000 

5 75 72 4.000 

6 75 72 4.000 

7 74 72 2.703 

8 74 72 2.703 

9 74 72 2.703 

10 74 72 2.703 

Average 3.214 

 

Tabel 7. Humidity measurement DHT22 and ThermoPro 
No ThermoPro (%) DHT22 (%) Error (%) 

1 75 70 6.667 

2 75 70 6.667 

3 75 71 5.333 

4 75 71 5.333 

5 75 71 5.333 

6 75 71 5.333 

7 74 71 4.054 

8 74 71 4.054 

9 74 71 4.054 

10 74 70 5.405 

Average 5.223 

 

Based on the calibration results, there are error values exceeding 5%. To adjust the humidity values based 

on the average difference between ThermoPro and the sensors in the program code, the humidity value for 

DHT22 is increased by 4, and for DHT11, it is increased by 2, as the average error is close to 5%. The program 

code adjustments can be found in Figure 8. 

 

 
Figure 8. Program code adjustment after calibration 

 

3.2. Fan Automation and Weather Detection 
The automation process is performed by a 5VDC relay connected to the main microcontroller, as shown 

in Figure 5. The SDD exhaust fan is connected to a T-Block, which is linked to the relay. When the temperature 

from DHT22 exceeds 40°C, the relay activates and turns on the fan. Conversely, the fan remains inactive when 

the temperature is below 40°C. 

The monitoring of fan automation can be done through IoT (Internet of Things) or OTS (On-The-Spot) 

methods. An LCD 16x2 is used for OTS, while Blynk application and WhatsApp are used for IoT. There is a 

limitation in the WhatsApp application, where messages are sent every 30 minutes. The displays for WhatsApp 

and LCD 16x2 can be seen in Figure 9 and Figure 12, respectively. 

Weather conditions can also be monitored through IoT and OTS. Figure 10 illustrates the Blynk display 

when the weather is clear, with the “Rain” value being 1. The Blynk display and the location photo during 

rainy weather can be observed in Figure 11 and Figure 13, respectively. Figure 10 and Figure 11 demonstrate 

that the temperature inside the SDD is higher than outside, both during clear and rainy conditions. 
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Figure 9. WhatsApp display. Information for figure, Kamis is a description of Thursday, Waktu is a 

description of the time display in the form of hours, Suhu is a description of temperature, Kelembapan is a 

description of humidity, Kipas is a description of the fan, Cuaca is a description of weather, Cerah is a 

description of sunny 

 

 
Figure 10. Blynk view when the weather is clear. Information for figure, Kamis is a description of Thursday, 

Waktu is a description of the time display in the form of hours, Nilai hujan is a description of the value of 

rain, hujan is a description of rain, suhu is a description of temperature, kelembapan is a description of 

humidity, cuaca is a description of weather, cerah is a description of sunny 

 

 
Figure 11. Blynk display in rainy weather. Information for figure, Kamis is a description of Thursday, Waktu 

is a description of the time display in the form of hours, Nilai hujan is a description of the value of rain, hujan 

is a description of rain, suhu is a description of temperature, kelembapan is a description of humidity, cuaca 

is a description of weather 
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Figure 12. 16x2 LCD display. Information for figure, Kipas is a description of the fan, cuaca is a description 

of the weather, cerah is a description of sunny 

 

 
Figure 13. Photo location when the weather is rainy 

 

The process of reading the rain sensor is determined by its conductor. When the conductor comes into 

contact with water, the “Rain” value is set to 0, and a “Rain” notification is sent. Conversely, the “Rain” value 

remains 1 when the weather is clear, and the conductor does not come into contact with water. The rain sensor's 

conductor and DHT11 are placed outside the SDD, while DHT22 is positioned inside the SDD. The internal 

part of the SDD is shown in Figure 14, and the positions of DHT11, DHT22, and the rain sensor's conductor 

can be seen in Figure 15, Figure 16, and Figure 17, respectively. 

 

 
Figure 14. Photo of the inside of the SDD 

 

 
Figure 15. DHT11 position 

Exhaust fan 

Conductor 
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Figure 16. DHT22 position 

 

 
Figure 17. Conductor position 

 

3.3. Comparison 

The comparison process involves comparing the temperature and humidity inside and outside the SDD to 

determine the time of peak temperature and the furthest difference between them. Figure 18 illustrates the 

comparison between the temperature inside and outside the SDD, while Figure 19 shows the comparison of 

humidity. Based on Figure 18, the peak temperature and the furthest difference occur at 09:00 AM Western 

Indonesia Time (WIB). Additionally, the figure demonstrates the consistent condition of higher temperatures 

inside the SDD compared to outside throughout the day. 

 

 
Figure 18. Temperature comparison chart 
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Figure 19. Humidity comparison graph 

 

4. CONCLUSION  

Based on the conducted research, there is a correlation between weather, temperature, and humidity. 

Throughout the day, whether it is clear or rainy, the temperature inside the SDD is higher, and the humidity is 

lower compared to the temperature and humidity outside. The temperature error values for DHT22 and DHT11 

with respect to ThermoPro are 1.572% and 0.721%, respectively. However, the humidity error values are 

different from the temperature, with an error of 5% for both DHT22 and DHT11 compared to ThermoPro, 

which indicates a need for program adjustments by adding values in the code. The peak temperature and the 

furthest difference between conditions inside and outside the SDD occur at 09:00 AM WIB. This information 

suggests that there are distinct differences in temperature and humidity between the interior and exterior of the 

SDD, regardless of whether it is clear or rainy. 
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