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Abstract

The smart farm framework is a technology for managing overall crops and delivers growth information and environmental
information to users intuitively through charts and graphs. and users remotely control the control environment based on the
delivered information. However, there are situations such as external factors (crops' own diseases, pests, etc.) that are difficult to
record, and these factors are important topics to be solved in the development of smart farm frameworks. In this study, basic
visualization technology and digital twin models are produced based on crop growth information, environmental information, and
image data. The digital twin model is intended to provide a twin model that changes according to the data change when various
information about the crop changes, and to increase visualization efficiency by providing various visualization techniques together.
For the experiment, paprika was set as a representative experimental crop and digital twin modeling was conducted. Since then,
the digital twin model provides a change in the digital twin model that varies according to the actual growth information and
environmental information of the crop, and proposes ways to incorporate various visualization technologies into the model.
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Fig. 1. Digital twin system structure

2. Blender

Fig. 2. Digital twin expression architecture with Blender
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Data Type

Growth
Index in
Image

Leaf Width cm

Leaf Length cm

Weekly Growth cm

Plant Height cm

Number of The Flower Per Truss number

Number of The Flower Fully Developed number

1.

Table 1. Growth information measured at the time of image acquisition

Data Data Format

Environmental
index

in Sensor

Temperature °C

Humidity g/

Illumination lm

CO2 ppm

Drainage EC S/cmμ

Drainage pH pH

Geothermal Temperature °C

2.

Table 2. Types of sensor data for collecting environmental information
on paprika farms
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Fig. 3. 3D Modeling with Blender
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glTF ,

Three.js

Data Changes in Data Situation Result

Drainage EC EC > Average EC Leaves become small and firm

Illumination(lm)

EC < Average EC,
Illumination High

Overgrowth of Crops

EC < Average EC,
Illumination Low

Growth of Leaves > Growth of Crops

Drainage pH
pH > Average pH Growth stop and die

pH < Average pH Occurrence of Denitrification

Temperature(°C) Temperature Deviation is large Increasing probability of Powdery Mildew

3.
Table 3. Growth of crops simulations result according to changes in environmental information

4.
Fig. 4. Simulation on crops when growth and environmental information change

5.

Fig. 5. Segmentation expression by step in crop-specific situation
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Fig. 6. Visualization of paprika environmental information using Apache Superset Dashboard



1 : 817
(JunYoung Jang et al.: A Study on the Development of Smart Farm Framework Visualization Technology Using Digital Twin Technology)

glTF .

.

. 7

.

3 .

3 3

3

,

.

7.

Fig. 7. Example of digital twin model for forecasting growth by date
interval
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Fig. 8. Example of current crop growth in digital twin models
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Fig. 9. 3D visualization charts to display digital twin models when select-
ing specific interval data
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Fig. 10. Observing paprika growth with immersive visualization through VR
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Fig. 11. Digital twin crop modeling display page
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