398 WFerE=EA] A269 M43, 20213 79 (JBE Vol. 26, No. 4, July 2021)

EX+=+ (Special Paper)

H&%%@%ﬁli?—x] 268 A4z, 20213 72 (JBE Vol. 26, No. 4, July 2021)
https://doi.org/10.5909/JBE.2021.26.4.398

ISSN 2287-9137 (Online) ISSN 1226-7953 (Print)

5 4GS A9 AL EM obr]9A o
AR 7% T B A

o) B A, A E ), %Al 2

O v

HE DA, o A BT o &

2

A Study on the Implementation of Digital Twin Architecture and
Detailed Technology for Agriculture and Livestock Industry

Deuk-Young Jeong”, Se-Han Kimb)*, In-Bok LeeC)*, Uk-Hyeon Yeo”, Sang-Yeon Lee?,
Jun-Gyu Kim®, and Se-Jun Park?

2 o

SEU19 oF A A% ¥ Q77 19 388 Bl A 29) 7AW WO 2] o ZAALh ol/le] A1SWS F A A

BUH P )50l e TheE - EA Hoel F2A0) U% oL Utk 53 @FNA wASHE dolee) Bl

IS ofRhg A Ak gl BUA B4 $409 MOl 240l B 2 A =09 242 Ay, U4 =4

M%) HE2 Fal B3N AN Foll AT oWIUA % BRW /&S ASNAL ALAA, 24 Sl ASAL §F /142

Relel wEd 423 A0d B AU 40, £5 FE 5 bHE ool A48E 4 95 TAY B9 vel A6sE A
NEE

Abstract

Since COVID-19, the world's food shortage population has more than doubled from 130 million to 270 million. In addition, as
various issues related to the food industry such as climate change arise, the importance of agriculture and livestock is increasing.
In particular, it is still difficult to utilize data generated in these field. Therefore, the objective of this study was to explain the
limitations of using data based on fragmentary analysis and the necessity of Digital Twin. The additional objective was to propose
an architecture and necessary technologies of a Digital Twin platform suitable for agricultural and livestock. It also proposed a
Digital Twin-based service that could be used in the near future, such as labor reduction, productivity improvement, personalized
consumption, transportation, and distribution by incorporating intelligent information convergence technology into facility horticulture

and livestock farming.
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Fig. 1. Concept of 3-dimensional digital twin
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Fig. 3. Necessities for modeling and simulation of horticultural crops and livestock
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Table 1. Detailed technologies of digital twin for agriculture and livestock

Detailed Technologies

Space-time synchronization and Data classification preprocessing technology for the big, heterogeneous data generated by
living things, facilities, climate, macro/micro environment, labor, robots, etc. comprising Greenhouses, Livestock, Outdoor, etc.

Multi-dimensional visualization technology according to the characteristics of data acquired in greenhouses, barns, etc., and
technology that expresses the relationship between data to be easily derived through the visualization of multi-dimensional

Synchronization

0) : .
Digital _ da.ta, multi-scale conversion, etc?. . : :
Virtualization Technology to distinguish, measure, and continuously track down the physical space, objects with technologies such as
RFID-USN-IoT for tangible/intangible objects that greenhouse, livestock, etc.
Virtual sensor technology that reduces the number of redundant sensors and data, improves sensor utilization and uses
optimization algorithms for collected data to calculate poor environmental areas such as livestock and farmland cultivation
that are difficult to measure in hardware.
Space-time synchronization technology between physical objects such as living things, facilities, and environments, and
digital objects created virtually on a computer.
Technology that updates changed information in the real world in a limited amount of time with minimal resources,
. @ . minimizing errors in the real world and virtual world for seamless modeling and simulation.

Digital Twin

Technology to minimize and optimize incomplete elements such as duplication, errors, delays, etc. of digital objects and
collected data

Data validation technology that detects and corrects errors in data and object information collected in the real world in
real-time(timeliness)

Multiple modeling and physical simulation techniques, including simulations of fluids, structures, air, acoustics,
thermodynamics, etc. for facilities and environments (material, air quality, water quality, space composition, climate, energy
elements) of agricultural and livestock

Twin Services

®
Digital Twin Technology to predict crop growth over time, animal behavior, worker behavior, changes in disease, etc. through modeling
Modeling & and simulation
Simulation Technology that automatically models and simulates large amounts of historical data and knowledge based on big data and
machine learning algorithms
Proactive response to uncertainty through productivity and business efficiency, optimization prediction techniques for error
probability and cost reduction, and simulations that reflect multiple physical phenomena in practice
Analysis, identification, and management system operation technology for joint collaboration between digital twin models
possible in various agricultural and livestock fields, such as production, distribution, processing, and consumption
® Technology for generating and managing meta-data about the capabilities, etc. of various federations that make up different
Federated digital twin models
Digital Twin Distributed technology for sharing agricultural and livestock data based on reliability/convenience of the digital twin in
9 conjunction with block chain technology
Purposeful life-cycle management techniques for collaborating with each other (creating, sharing, maintaining, renewing,
scrapping, etc.) and digital twin role management technologies for multi-role and role-specific federations
Visualization service technology to express object information in various forms in order to provide agricultural and livestock
services suitable for the purpose of use
Life-cycle management technology that efficiently supports reliable history management of various agricultural and livestock
®_ resources (sensors, actuators, devices, systems, communication etc.) and the use of resources (models, algorithms, data
Intelligent tools, etc.) in the digital twin.
Digital

Appropriate service search technology based on matching algorithms according to user's needs and Objective evaluation
techniques for service time, cost, reliability, functional similarity, security, maintainability, etc.

Digital twin service technology for managing potential obstacles and responding in advance to agricultural and livestock field
support services, etc.
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