ﬂ‘ KOREA

WORLD BANKGROUP GREENGROWTH
@ ((v TRUST FUND

KGID
2026

SEJONG

-

Image Data-Driven AX Transformation
in Open-Field Agriculture

Crop Production and Physiology Div.,
National Institute of Crop and Food Science(NICS),
Rural Development Administration (RDA)

Sungyul Chang (Ph.D.)



Contents

I Current Challenges / How we overcome?

II Case Study 1 - Digitalized Current Knowledge
II Case Study 2 — Discover New Knowledge

[V Transformation into AX in Open-Field Agriculture



I. Current Challenges

Digitalized .




Labor shortage at agriculture sector in R.O.K
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Apply cutting-edge image analysis methods and A.l. for diagnostics of crop health
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Labor shortage at agriculture sector is global phenomenon
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rm), through our partnership with Agtonomy. An integrated Al-camera
ning and actionable insights for a smarter farming platform.

Apply A.l. and image analysis method to solve the problem
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How we overcome? (Field Phenotyping Data)

Image derived, non-destructive way is required for future agriculture
e ———
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Digitalized Field Phenotyping Data

a

1773
AW

- <

High—--thmu‘put ﬁhg—:-_nbtyping |

—

Waginegin Research (WR, NL)
National Plant Eco-Phenotyping (NPEC) Center

Official Use Only



Field Phenotyping Data Acquisition at NICS

Precision Measurement Big Areas

 Sensor Network + Field Scanning Platform « Autonomous Flying Drones
« R GB images 3D & multiple spectral images « R G B and multiple spectral
« Known Knowledge « Discover New Knowledge « New and Known Knowledge

—

Official Use Only



IT. Case Study 1 -
Digitalized Known knowledge




Case Study 1: Known Knowledge Measurement Methods
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There were known in rice. We selected few traits from the known traits
and digitalized traits with deep learning models (ex., Yolo v.12 and etc)




Case Study 1: Developing A.l. models for measurement

Number of Leaves

- Object detection modes(YOLOvS)
- Layout : 30 x 14.4 cm

- Density : 26.03 plants/m?

- Uniformity : 0.92 (1,uniform)

Number of Tillers

06/03 06/10 06/17 086/24 07/01 O07/08 0V/15 0F/22 07/29
DAT (Days After Transplanting)

- Detection of leaf-tip
* Object detection models (YOLOvVS8)

- Estimate number of leaves from

models

* Only monocot applicable models

Canopy Coverage Areas

- Segmentation* models (U-Net)

— Result were accurate

* Segmentation : remove object from a badayound

Flowering Dates

.
® R*=0.9971

Detected panicle number

Estimated heading date = 80.203

20 40 60 80 100 120
DAT

o

- Object detection modes(YOLOvS)
- &M 88 17¢

- E57): 88 20

- 7 88 24¥

— Errors : 7.42Y (+/- 1 day)

= Developing A.l. models of additional traits for yield
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Case Study 1: Known knowledge — Yield Forecast Pipeline

Image Acquisition Data Analysis A.l. models
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Estimated heading date = 80.203

DAT

= Additional images were collected from various regions of R.O.K
D —————————
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Case Study 1: Known Knowledge - Platform Service

“Web-based traits measurement platform (Working Progress)”

‘Provide traits for yield prediction with A.l. and image analysis’

‘Diagnostics of grow habit of plants by regions & years'
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“Update images and additional traits to yield prediction”




II. Case Study 2 -
Discover Knew knowledge




Case Study 2 — New Knowledge with Field Scanning Platform (FSP)

“Field Scanning Platform — Gathering 3D images of crop at rice paddy field”
= Measuring traits not possible by manual labor (ex., Volume, Leaf angles, and etc) =
Structural and spectral information of crop at Open-Field

Replace manual measurement

o7 .
-‘ with automated platform

Leaf Angles

<Field Scanning Platform - Operating at NICS since 2023> Volume
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Case Study 2 — New Knowledge with FSP (Yield Prediction)

“Measuring various traits at crop level for yield prediction”

Q Build yield prediction Random Forest (RF) models at various time points
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Confusion Matrix and Statistics

Reference
Prediction low Medium high
low 17 8 0
Medium 11 62 5
high 0 0 7

Overall Statistics

Accuracy : 0.7818
95% CI : (0.693, 0.8549)
No Information Rate : 0.6364
P-Value [Acc > NIR] : 0.0007385

28 Jul

04 Aug 11 Aug 18 Aug 25 Aug 01 Sep 08 Sep
> o| -4
- (B8 35 28 7102t
- (24) 6071 X B AFS
Confusion Matrix and Statistics
Reference
Prediction low Medium high
low 16 1 ]
Medium 12 67 2
high 0 2 10
Overall Statistics
Accuracy : 0.8455
5% CI : (0.7641, 0.%9073)
No Information Rate : 0.6364
P-Value [Acc > NIR] : 1.052e-06&

15 Sep

-(B) 31 =& 72t
- (24) 607 K| & A

Confusion Matrix and Statistics

—
22 Sep

06 Oct 27 Oct

13 Oct

29 Sep 20 Oct

Reference
Prediction low Medium high
low 1 4 § 1 0
Medium 11 69 7
high 0 0 5

Overall Statistics

Accuracy : 0.8273
95% CI : (0.7435, 0.8927)
No Information Rate : 0.6364
P-Value [Acc > NIR] 9.156e-06
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Case Study 2 — New Knowledge with FSP (Yield Prediction)

“Selected traits at crop level for yield prediction”
Collaboration work with WR/NPEC
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Case Study 2 — New Knowledge with FSP (Yield Prediction)

“New Knowledge from FSP useful for rice yield prediction”

Comparison model prediction results cultivars and measured dates
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Case Study 2 — New Knowledge with FSP (New Traits)

“Measuring various traits at crop level-preparing for Physical A.l.”

Volume (Voxel) Panicle Detection and Angles Flowering Date Prediction

Measuring volumes of individual cultivar with 3D images Panicle detection and angle measurement Analysis flowering date by genomic information of rice
»‘A

* Hortcontrol S
Comparison of rice volumes l

Convert to Scalar Iield (G Channel) Filter by Value (G - 70)

*x
b

[
A
ne
-
s
4
-

Comparison of rice cultivars with structural data

Er

Result (red: skeleton line
¢ caleulare line

blue: angle ¢© are line)

o Comparison of rice panicle angles
Analyze with genetic markers

Ne25LG Mamchan 47-4 52-2 58-1 66-3 71-3
D Time Chr Pos Lod 24.09.02 391 32.3 370 S Rieris -
24.09.11 18.2 12.0 15.9 . 20e8 . . . S
saosze o6 54 . Comparison of rice cultivars with spectral data
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TRl < ] 1 5802192 ................................................. NI o i > >
16 155 o 0 5724043 - Apply the information in Physical A.l. in future 2024 2025

Measured crop with 3D data and then validate new knowledge with crop genomic data
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IV. AX Transformation
In Open-Field Agriculture




AX Transformation: Transfer New and Digitalized Knowledge

New knowledge transfer with FSP
AX transformation (Drone)
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Canopy Heights

1D:1 1D:2 1D:3 1D:4 D:5 1D:6 10:7 10:8

71.8047 71.7523 71.7379 71,8656 71.7911 71.7921 71.8065 71.7515
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AX Transformation: Developed Drone Image Analysis

<Ilmage Acquisition for Drone >

Scheduling for Drone

> 4

Raw images

Automated image transfer Methods

<Drone Image Analysis Tool (DIAT.exe)>

Image stitched together with open drone map (ODM)

* Automation at local servers

Image analysis by cultivars and lines for field crop
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AX Transformation: Tested at testing plots at NICS

Comparison of rice growth pattems and heading dates by cultivars/dates

(Image) 300 rice cultivars were grown at NICS (2025.07.04)

Digital Surface Model
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AX Transformation and Beyond (Physical A.l.)

® Measuring traits related to crop health in un-manned and automated way and then apply for future agriculture
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Extract Panicle in paddy field Panicle Angle (PA) Calculations

3D images (volume)' '
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Case Study XXX : Future of Agriculture ??
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