NSTC BXN2RKHZERS fgméﬂq:'“ - OMART

nd Technology Counci | Taiwan Al Center of Excellen

THE 177+ INTERNATIONAL WORKSHOP ON NONDESTRUCTIVE QUALITY
EVALUATION OF AGRICULTURAL, LIVESTOCK AND FISHERY PRODUCTS

Crop Monitoring Using Al Technology on UAV Images

Ming-Der Yang,
Director, Intelligent Agriculture Research Center
Dean, College of Engineering
National Chung Hsing University

October 29, 2024


https://iarc.nchu.edu.tw/web/news/detail.php?cid=5&id=1

/NSTC @snaxmizae S| BRASERD - SMARTer

nology Council Taiwan Al Center of Excellen

Phenotyping

@ p—
* Plant traits, canopy, leaves, roots, O
growth rate, disease detection, and

nutrient, analyzed by integrating. i ! ir
imaging technology and plant science. " lLij

* Image processing enhances the
efficiency, accuracy, and scope of 73
phenotyping, transforming the way
researchers study plant traits for
innovations in agriculture, such as
breeding stress-resilient crops and
optimizing resource use.
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Imaging technologies

Smartphone Applications
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Multi-source image data for smart agriculture

Satellite image 4*

400-1000 km:

Aerial image EESSSCREE 01 - fEMBENME

UAV image S
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Remote sensing images

Satellite image Aerial image UAV image
resolution; 10m resolution 0.10m resolution; 0.01m
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Key applications of image-based phenotyping

1. Plant Growth Monitoring
2. Disease Detection and Plant Health Monitoring

3. Drought Stress and Water/fertilizer-Use
Efficiency

4. Photosynthesis and Chlorophyll Content
Estimation

5. Yield Prediction
6. Canopy Structure and Architecture Analysis
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Seedling Heading
RGB+NIR+HIS/ 1.5cm RGB+NIR+HIS+Thermal / 3cm?

Rice shoot: number, height, distribution, growth status Color of rice ear, height, Leaf moisture, evapotranspiration

Tillering Ripening
RGB+NIR+HIS+Thermal /3cm1t RGB+NIR+HIS / 3cm?

Leaf color, Leaf temp, height, Chlorophyll index, Leaf moisture Status of rice ear, yield estimation,
health status
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1. Plant Growth Monitoring

e Time-lapse imaging tracks changes in plant height, leaf area, and biomass.
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Application:
ST leaf color, green coverage ratio
Application: A Height: 40m
plant height [N

Resolution: 1280 x 960
Band: R, G, B, Rededge, NIR
Overlap: 75%

Height: 20m / 10m

Resolution: 5472 x 3648
Band: R, G, B
Overlap: 85%
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2. Disease Detection and Plant Health Monitoring

e [mage analysis detects early signs of diseases and pest
attacks.

e Hyperspectral and thermal imaging detect changes invisible
to the naked eye.

e Allows early intervention, reducing potential crop losses.
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Training dataset of Rice diseases
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Al model detecting crop
diseases

» Training dataset
 Deep learning structure
 Application scenarios




Disease Detection and treatment

With a combination of edge computing technique, precision agriculture practices, such as site-

specific fertilizing or pesticide application can be performed.

Rice blast disease infection area in red. Edge computing adjusts pesticide spraying concentratio
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3. Drought Stress and Water/fertilizer-Use Efficiency

e Thermal and infrared imaging measure leaf and canopy
temperature.

e Evaluate plant responses to drought and water management.

Flrst crop Second crop
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Sequential UAV images for a broccoli crop

1" day 11* day 18" day 27" day 32" day 43" day * day

58" day

21



Computers and Electronics in Agriculture 207 (2023) 107739
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Contents lists available at ScienceDirect

Compulers
and electronios
in agriculiure

Computers and Electronics in Agriculture

.} SR
ELSEVIER journal homepage: www.elsevier.com/locate/compag

Original image
Single-plant broccoli growth monitoring using deep learning with ey I
UAV imagery l
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4. Photosynthesis and Chlorophyll Content Estimation

e Fluorescence and hyperspectral imaging measure
photosynthesis efficiency.

e Assesses chlorophyll content to evaluate plant health.
e High-performing plants breeding.



Biomass estimation by UAV images
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Zheng, H., Cheng, T., Zhou, M., Li, D., Yao, X., Tian, Y., ... & Zhu, Y. (2019). Improved estimation of rice aboveground biomass combining textural and spectral analysis of UAV imagery. Precision Agriculture, 20(3), 611-629.



Biomass estimation by UAV images

NDVI vs Biomass
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5. Yield Prediction

e I[mage analysis assessing flowering time, fruit set, grain filling,
and harvest timing.

e Predicts crop yields and genotype selection for higher yield
potential.
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aturity assessment & optimal harvest timing

Grain Moisture Content (GMC) is the key factor for rice harvesting. sarkar ez a/ (2018)
High Harvesting GMC causes a high cost and low quality. Lu et a/(1995)
GMC needs to be reduced to 15% from 32% for storage.

“\\

 GMIC= 3%
AR
« BRERS - HEZREE - REES
e xperience 3
Wi -dependent - Bk

Lu et al.(1995) [3]
~ Hong, and Song (1988)[7]
~ loshizo(2013)[10]
-~ Otto 18)[11]

Sarkar et a/ (2018)[6]




Optimal harvesting platform
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Simple Spectral-geometric Correction Board (SSCB)
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Data col lection and image processing

L SM/\RTcr

Taiwan Al Center of Excellence wusmsmemns e
Soor Susie e At s o

Feature extraction

Contrast
Correction Cor

R\

~

(0]

~

~

1

—r On
iy
< ©

H,
H

~

N
/
(0]

2
L*~a* b
Y~Cr~Cb

NDI ~ Gl ~ RGRI

2
*

*

Cost Time:

Extract

o "~ Color Index
% about 15s/photo

Branches
Removal

Removal

Background
Removal

Removal



/NSTC Bxnerikzas 2| SLASERL G,

National Science and Technology Council

Taiwan Al Center of Excellence wusmsmemns e
Soor Susie e At s o

( Bl BES+EBRE )

.
o.’.
.. - .
— o GMC
[ o ©p
he 2]
[]
’f_.' .
c O e Ko Vora o
F o o b i g/ 570 e ]
& =
[ ~
B ustom 2
3 3
£
=3
O
~
T —3
g
E
Z
_._ —
aaRiof X
Legend

mh
3
o

Rapid(<5sec), low-cost(100NT), light weight(39)

32



Optimizing harvesting by grain maturity through smart phone

— Grain maturity assessment

Grain moisture
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Optimal harvesting platform
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Optimal Harvesting Scheduling
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6. Canopy Structure and Architecture Analysis

e 3D imaging (LiDAR, stereo vision) creates models of canopy
architecture.

e Maximizing field yields.
e Assess agriculture damages.
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Rice lodging identification using UAV imagery - Phase |

* Lodging area identification for disaster relief

Date: 2014

Area: 306 ha (424 images)
* Flying height: 220m
Resolution: 5.5cm
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AV Investigation
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UAV precision detection of rice Iodgmg "
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10 20 30 40

lelted area Time consumption

o
o



PO e - /NSI' RIBRUWERE iﬁAléﬂ*ru{gme

National Sc ology Counci Taiwan Al Center of Excellence

S .w.-..-.u.....,. -.-..x.-—

Al UAV in wide rice lodging area
Core Tech I- Al identification
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Core Tech II- Parallel computing
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