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Abstract 

Temperature and humidity are environmental factors that need to be considered in 

storing, especially rice. This factor will affect the growth of fungi, the appearance of lice, and 

insects which can reduce the quality of rice. Therefore, the purpose of this research is to create 

a prototype smart system for rice storage space based on the Internet of Things (IoT) which 

can display about conditions temperature, and humidity of the room with User Interface (UI) 

Node-RED and control it, to achieve optimal storage conditions. The prototype is designed 

using a Raspberry Pi 3 model B as a microcontroller to control the cooling fan, exhaust fan, 

and servo motor which is controlled automatically according to the temperature and humidity 

values that are set based on the results of the DHT-22 sensor measurements. The servo motor 

is used to drive the ventilation window to open and close. The stepper motor can be controlled 

using Node-RED UI to open and close the door. Based on the test results, the room conditioning 

automation system can work well. Information on temperature, humidity, as well as the 

condition of cooling fans, exhausts, ventilation windows, and doors, can also be displayed on 

the Node-RED interface with an average delay is 0.5 seconds and a 0% data delivered error 

percentage. The results of the temperature and humidity measurement of the DHT-22 sensor 

have an average difference in temperature measurement of 0.91 % and humidity of 1.07 % with 

the Taffware Temperature-Humidity Meter. In the tests carried out, it took about 5.41 minutes 

to reduce the temperature from 40 0C to 30-31 0C, and to reduce the humidity from 75 % to 64 

% took about 1.46 minutes. 
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Introduction 

The main staple food consumed by more than half of the population of Asia especially 

Indonesia is rice, which is a food source of carbohydrates to meet daily nutritional needs [1, 2]. 

In order to keep up with global population growth and demand, rice production must increase 

by at least 25% by 2030 [3]. 
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The quality of rice is not only determined by the quality of the rice planted, but also the 

way it is stored. Storage is one of the postharvest handling processes of rice which is an 

important stage in the production process of processing rice for consumption [4, 5]. Rice 

storage is carried out after the rice plants have been harvested and processed for packaging. 

There are several factors that need to be considered in rice storage, including environmental 

factors (temperature, relative humidity of the storage space), chemical factors (water activity, 

chemical composition of seeds, oxidation process), physiological factors (respiration, 

transpiration), biological factors (pests, insects, mice, etc.) and packaging factors [6]. 

In Asia, approximately 3% of the total PHL (storage losses) are caused by insects and 

fungi, which is half of the 6% of storage losses that are caused by inadequate storage facilities 

[7, 8]. In traditional storage process, farmers cannot condition and monitor the temperature and 

humidity of the storage area, which are environmental factors that need to be considered. Errors 

in storing rice can result in respiration, fungal growth, insect attacks, rodents and rice lice which 

can reduce the quality of rice. Therefore, control of environmental factors that play a role in 

storage as well as agents that can cause harm and shorten shelf life is absolutely necessary [9, 

10]. High temperature can stimulate the separation of fat, inhibit the enzyme activity of 

catalase, and cause an uneven surface of rice endosperm during storage, resulting in increased 

fatty acids and lipid oxidation [11]. The humidity in the storage room must be kept as low as 

possible (less than 65%) at a temperature about 30°C to reduce the absorption of moisture from 

the air into the rice. In addition, low humidity can reduce microbiological and fungal activity 

[12]. 

Previous Researches 

In previous research, conducted by Karim, et al. In 2018, the basic objective of their 

research is to mitigate the man monitoring and to develop an internet based real time 

monitoring of temperature and humidity using the very available DHT-11 sensor and ESP-

8266 NodeMCU module [13].  

In 2019, research conducted by Junizan, et al. About manufacture of an automatic fan 

system that can change the speed level due to changes in environmental temperature using 

pulse width modulation techniques and temperature sensors, namely LM35 with Arduino Uno 

microcontroller. The fan is used to lower the room temperature to a certain level [14].  

In 2020, research conducted by Panigrahi, et al. Designed smart sensor agriculture stick 

for live temperature and humidity monitoring with Arduino technology, breadboard and mixed 

with different various sensors and live data feed can be obtained online through mobile phone 

to help farmers increase their overall yield and quality of products [15].  

In 2021, research conducted by A. Devi, et al. Designed food grain wastage monitoring 

and controlling system for warehouse to monitors the atmospheric conditions, rodent and 

insects activities inside the warehouse, simultaneously takes the necessary controlling actions 

and sends the notification regarding the performed controlling action to the warehouse 

owner/manager [16].  

Then in 2021, research conducted by Aradwad, et al. Development of microcontroller-

based data logger for real-time monitoring of drying and storage of food grains to improve the 

level of post-harvest processing and reduce losses using temperature and relative humidity 

sensor DHT-22, LCD, SD Card, motor control driver, and RTC 3231 for real-time monitoring 

and data recording of temperature and humidity [17]. 
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Based on the problems and previous research, this study aims to create a prototype 

smart system for rice storage rooms based on the Internet of Things that can condition the 

temperature and humidity of the room to achieve optimal storage conditions, and allow remote 

monitoring using the User Interface (UI) dashboard Node-RED. The results of this study are 

expected to be developed so that it can be applied to actual conditions to improve the quality 

and extend the shelf life of rice. 

Method 

The process of designing a monitoring and control system for temperature and humidity 

can be divided into 3 stages, hardware design, control system design, and user interface design. 

Hardware Design 

Hardware design is done by combining each component used. The hardware design 

used is shown in Figure 1. 

 
Figure 1. Hardware Design 

Based on hardware design in Figure 1 there are several components used, including the 

DHT-22 sensor, to measure the temperature and humidity values of the storage room air which 

will be the reference values for the actuator drive [18]. MG996R 5V servo motor, as a driver 

for opening and closing the ventilation window [19]. Mini 12V 1A fan, as an exhaust fan and 

air conditioning fan. Relay 5V dual channel, as a switch on / off the exhaust fan and cooling 

fan. 28BYJ-48 5V stepper motor and 2003 ULN driver, for door opening and closing [20,21]. 

All of these components are connected to their respective GPIO pins on the Raspberry Pi 3 

model B as microcontroller [22, 23]. 

Control System Design 

The control system used is a 2-value control system (ON-OFF) in this case, the driver 

can produce a variable value (quantity) that is controlled in a state of full power or no power at 
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all. Accuracy is a limitation of this control system when high accuracy control is required 

because the system's controlled variable is always oscillating [24, 25]. 

 
Figure 2. Control System Diagram: Temperature 

Based on Figure 2 a control system diagram describes the temperature control process, 

which in this process the Raspberry Pi 3 is used as a microcontroller that will control the 

cooling fan to reduce the temperature of the storage room. In the close loop process, the actual 

temperature of the storage space will be measured by the DHT-22 sensor and fed back to the 

set point so that the error value will be obtained which is used by the control function to achieve 

the desired set point value. In this process, it is expected that the room temperature can be 

maintained at a temperature of 300C. 

 
Figure 3. Control System Diagram: Humidity 

Based on Figure 3 a control system diagram that describes the humidity control process, 

in which the Raspberry Pi 3 is used as a microcontroller which will control the exhaust fan and 

ventilation window to reduce the humidity of the storage room. In the close-loop process, the 

actual humidity of the storage space will be measured by the DHT-22 sensor and fed back to 

the set point so that the error value used by the control function will be obtained to achieve the 

desired set point value. In this process, it is expected that the humidity of the room can be 

maintained at 65% humidity. 

 
Figure 4. Control System Diagram: Door 

Based on Figure 4 a control system diagram that describes the process of controlling 

the door opening and closing, which in this process the Raspberry Pi 3 is used as a 

microcontroller to control the stepper motor. In the open loop process, when the Node-RED UI 

door button is pressed, the Raspberry Pi 3 will control the stepper motor to move clockwise to 

open the door, and move in the opposite direction to close the door again.  

User Inteface Design 

Node-RED is used as a software to design the user interface that will be used. The user 

interface design used is shown in Figure 5. 
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Figure 5. User Interface Design 

Based on user interface design in Figure 5 there are several nodes are used. MQTT In 

nodes are used to receive or retrieve data sent from the microcontroller. MQTT Out nodes are 

used to send data to the microcontroller. Gauge nodes are used to display the results of 

temperature and humidity measurements. Then, Text nodes are used to display information on 

the condition and state of the cooling fan, exhaust fan, ventilation window, and door [26]. 

Result and Discussion 

Physical Shape of Rice Storage Room Prototype Model 

The prototype model of this rice storage room, clear acrylic material with a thickness 

of 5 mm was used. The model room is made with a length of 30 cm, a height of 30 cm and a 

width of 60 cm. The results of making the room model are shown in Figure 6. 

 

 

(a) (b) 

  

(c) (d) 

Figure 6. Prototype Model Result (a) Front Side (b) Back Side (c) Right Side (d) Left Side 

In this prototype model of the rice storage room in Figure 6, there are 2 air holes on the 

left and right sides as shown in Figure 6 in the hole on the right side is installed a fan that sucks 

air from the outside in as a cooler. In the hole on the left side there is a fan that sucks air from 

the inside out as an exhaust. On the side of the back wall, there is a ventilation window that 

can be opened or closed by a servo motor. And on the front side there is a sliding door that is 
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pulled using a stepper motor and belt. The door can be controlled via the User Interface (UI) 

of the Node-RED dashboard. In addition, in the prototype room there are miniature wooden 

cots and rice sacks. 

Temperature and Humidity Measurement Test Results 

The data was collected by 20 data, but in table 1 only 10 data are shown. The humidity 

and temperature measured on both sensors were recorded every minute for 20 minutes. The 

data from the results of the tests carried out are as shown in Table 1. 

Table 1. Comparison of Temperature and Humidity Measurement Results 

Data 
Temperature (0C) Measurement 

Difference (%) 

Humidity (%) Measurement 

Difference (%) DHT 22 Taffware DHT 22 Taffware 

1 27,3 27,1 0,73 58,4 58 0,68 

2 27,7 27,1 2,21 59,5 58 2,58 

3 27,8 27,1 2,58 59,8 59 1,35 

4 27,5 27,3 0,73 60 59 1,69 

5 27,3 27,2 0,36 61 60 1,66 

6 27,3 27,2 0,36 60,8 60 1,33 

7 27,1 27,3 0,73 60,7 60 1,16 

8 27,1 27,3 0,73 60,7 60 1,16 

9 27,4 27,3 0,36 61,2 61 0,32 

10 27,4 27,3 0,36 61,2 61 0,32 

Average Temperature 

Measurement Difference (%) 
0,91 

Average Humidity 

Measurement Difference 

(%) 

1,07 

Based on the results of the tests obtained in Table 1, the average difference in 

temperature and humidity between the DHT-22 sensor and Taffware is 0.91% for temperature 

and 1.07% for humidity. 

Automation System Test Result 

This test is carried out to ensure that the smart system on the prototype made runs well. 

To find out the cooling fan, exhaust fan and ventilation window can turn on/off automatically, 

the temperature and humidity need to be set to 300C or < 300C using a hairdryer and for 

humidity 65% or < 65% using a water diffuser. The results of the tests that have been carried 

out are shown in Table 2. 

Table 2. Automation System Test Result  

Component 
Humidity Temperature 

≥ 65% < 65% ≥ 300C < 300C 

Cooler   On Off 

Exhaust On Off   

Ventilation Window Open Closed   

Table 2 shows that the cooling fan turns on when the temperature is 300C and will turn 

off when the temperature is < 300C. When the measured humidity is 65% the exhaust fan will 

turn on and the ventilation window will open, otherwise when the humidity is < 65% the 
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exhaust fan will turn off and the ventilation window will close. Based on the results of the tests 

carried out, it is known that the automation system works well. 

Node-RED Dashboard User Interface (UI) Test Results 

This test is carried out to ensure that the User Interface (UI) of the Node-RED 

dashboard can display the latest appropriate data. Currently the Node-RED User Interface 

display can only be run on the local host network. The UI display for the Node-RED dashboard 

that has been created is shown in Figure 7. 

 
Figure 7. User Interface (UI) Node-RED dashboard 

Then a test is carried out to see the delay in the DHT-22 sensor measurement data 

displayed on the Node-RED dashboard UI. The test is done by looking at the time difference 

between the data displayed on the Raspberry Pi and the data displayed on the Node-RED 

dashboard UI. The example data from the delay test results can be seen in Table 3. 

Table 3. Data Delivery Delay Test: Temperature 

Data 

Raspberry Pi UI Node-RED 

Delay 

(Second) 

Measurement 

Results 

(Temperature) 

Time (GMT+7) 
Displayed 

(Temperature) 

Time 

(GMT+7) 

1 27,50C 17.03.15 27,50C 17.03.16 1 

2 27,40C 17.04.13 27,40C 17.04.14 1 

3 27,50C 17.06.01 27,50C 17.06.01 0 

4 27,60C 17.07.49 27,60C 17.07.49 0 

5 27,50C 17.09.08 27,50C 17.09.08 0 

6 27,50C 17.10.14 27,50C 17.10.15 1 

7 27,50C 17.11.08 27,50C 17.11.08 0 

8 27,40C 17.12.45 27,40C 17.12.46 1 

9 27,50C 17.13.17 27,50C 17.13.18 1 

10 27,60C 17.16.23 27,60C 17.16.23 0 

Average Delay (Second) 0,5 

Based on the test results in Table 3, the average data delay before being displayed on 

the Node-RED dashboard User Interface (UI) is about 0.5 seconds. It can be concluded that 

temperature and humidity data can be displayed properly in realtime on the Node-RED 

dashboard UI.  

Then testing is carried out to ensure that the Node-RED UI can display the latest data, 

and data errors displayed on the Node-RED UI. Testing is obtained by turning off the server 
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for 5, 10, 15, 20, 25 and 30 minutes, then the server is turned on again. The results of the last 

reading before the server shuts down and after the server is turned on are recorded.  

Table 4. Node-RED Server On-Off Testing 

Time Server 

Off (Minute) 

 

Before Node-RED Server Off After Node-RED Server On 

Sent by 

Raspberry Pi 

Received 

Node-RED 

Sent by 

Raspberry Pi 

Received 

Node-RED 

5 
Temperature: 270C 

Humidity: 62,2% 

Temperature: 270C 

Humidity: 62,2% 

Temperature: 

27,20C 

Humidity: 61,4% 

Temperature: 

27,20C 

Humidity: 61,4% 

10 

Temperature: 

27,40C 

Humidity: 62% 

Temperature: 

27,40C 

Humidity: 62% 

Temperature: 

27,70C 

Humidity: 62,2% 

Temperature: 

27,70C 

Humidity: 62,2% 

15 

Temperature: 

27,20C 

Humidity: 61,8% 

Temperature: 

27,20C 

Humidity: 61,8% 

Temperature: 

27,40C 

Humidity: 63% 

Temperature: 

27,40C 

Humidity: 63% 

20 

Temperature: 

27,30C 

Humidity: 62,8% 

Temperature: 

27,30C 

Humidity: 62,8% 

Temperature: 

27,40C 

Humidity: 62,5% 

Temperature: 

27,40C 

Humidity: 62,5% 

25 

Temperature: 

27,30C 

Humidity: 62,4% 

Temperature: 

27,30C 

Humidity: 62,4% 

Temperature: 270C 

Humidity: 63,3% 

Temperature: 270C 

Humidity: 63,3% 

30 

Temperature: 

27,10C 

Humidity: 63% 

Temperature: 

27,10C 

Humidity: 63% 

Temperature: 

27,40C 

Humidity: 62,7% 

Temperature: 

27,40C 

Humidity: 62,7% 

Error Data 0 

Data Error Percentage (%) 0 

Based on the results of the tests carried out in Table 4, it is known that the Node-RED 

UI can display the latest data from the measurement results of the DHT-22 temperature and 

humidity sensor after the Node-RED server is turned on again, with a data error percentage of 

0% which means that all measured data has been successfully sent and displayed on the UI 

Node-RED dashboard. 

Room Conditioning System Test Results 

The temperature conditioning test was carried out in an open area with a temperature 

of 31 0C. The test is carried out by increasing the temperature of the prototype storage room 

using a hairdryer to a temperature of 400C then the hairdryer is turned off, then the cooling fan 

is turned on and the time is recorded until the prototype room temperature is equal to or less 

than the outdoor temperature. 

Table 5. Temperature Conditioning Test 

Number of 

Tests 

Temperature (0C) Time To Reach Outdoor Temperature 

(seconds) Before After 

1 40 31 337 

2 40 31 343 

3 40 30 346 

4 40 30 331 

5 40 31 352 
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Based on the results of the tests carried out in Table 5, the average time required for the 

prototype room to reduce the temperature from 400C to 30% is about 338 seconds and to 31% 

is around 344 seconds or about 5.6 minutes. 

Humidity conditioning tests were also carried out in an open area with 68% humidity. 

The test is carried out by increasing the humidity of the prototype storage room using a water 

diffuser to 75% humidity then the water diffuser is turned off, then the exhaust fan is turned on 

and the time is recorded until the humidity of the prototype room is equal to or less than the 

outdoor humidity. 

Table 6. Humidity Conditioning Test 

Number of 

Tests 

Humidity (%) Time To Reach Outdoor Humidity 

(seconds) Before After 

1 75 64 97 

2 75 64 102 

3 75 65 98 

4 75 64 115 

5 75 64 118 

Based on the results of the tests carried out in Table 6, the average time required for the 

prototype room to reduce the humidity from 75% to 64% is about 108 seconds and to 65% is 

about 98 seconds or about 1.4 minutes. 

Conclusion 

In the research that has been done, it can be concluded that the prototype smart system 

for rice storage space based on the Internet of Things (IoT) has been successfully design and 

built using a Raspberry Pi 3 Model B microcontroller, Mosquitto MQTT broker, Node-RED 

software, and a DHT-22 sensor. Cooling fan, exhaust and ventilation windows are controlled 

automatically according to the temperature and humidity values that are set based on the results 

of the DHT-22 sensor measurements. The cooling fan will turn on when the measured room 

temperature is 300C and the exhaust fan will turn on and the ventilation window will open when 

the measured room humidity is 65%.  

In testing the results of temperature and humidity measurements, the DHT22 sensor has 

an average difference in temperature measurement of 0.91% and humidity of 1.07% with the 

Taffware Temperature-Humidity Meter sensor. In the tests carried out, it took about 5.41 

minutes to reduce the temperature from 400C to 300C - 310C and to reduce the humidity from 

75% to 64% it took about 1.46 minutes. Temperature and humidity can be monitored via the 

User Interface (UI) of the Node-RED. The door opening and closing of the prototype room can 

be controlled via the Node-RED UI. Node-RED UI can display the latest data from the 

measurement results of the DHT-22 temperature and humidity sensor, with average data delay 

is about 0.5 seconds and a data error percentage of 0%.  
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