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Background.

I ——

“* Population aging, low birth rate, migration from
rural to urban s Labor Shortage

“* Increasing demands of high quality and safe
agricultural products

Al and ICT technologies help to make changes
mmm) Smart Agriculture
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Smart Agriculture

Artificial Intelligence ( Al )

Information and Communication Technology (ICT)
Cloud and Big Data

nternet of Things (loT)

Precision Agriculture

ntelligent Agricultural Machinery

Bio-Robotics
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> Precision Agriculture Approach
— Site-specific cultivation
— Field Crops

* Plant Sensing Data
— Remote Sensing by satellites

* Position Information
— Global Positioning System (GPS)

— Greenhouses ?




Problem Statements

» More and more crops such as vegetables and ornamental
plants are grown in greenhouses.

» Growth status monitoring of these greenhouse crops is
equally important as that for field-grown crops.

» Consequently, ground-based multi-spectral remote
imaging and plant-oriented remote-sensing algorithms
based on monitoring of plant physiological status need to
be developed for greenhouse production.

Greenhouse




Case Study -

Precision Agriculture in Greenhouse
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Precision Agriculture in Greenhouse

» Precision Agriculture Approach
— Site-specific cultivation

— Field Crops

* Plant Sensing Data
— Remote Sensing by satellites

* Position Information
— Global Positioning System (GPS)

— Greenhouses
* Plant Sensing Data
— Ground-Based Sensing (no satellites)

— Plant-Oriented
Remote-Sensing Algorithms

e Position Infor'ma‘rlon




» Seedling Nursery

— In Taiwan, vegetable seedlings are cultivated in
greenhouses.

— Cabbage seedlings are grown using plug trays in
controlled environment.
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RFID Management Information System

» Remote Sensing and Monitoring
v  MSIS—Multi-Spectral Imaging System
v EFMS—Environmental Factors Measurement System
v WIMS—Web Image Monitoring System

» Greenhouse Operations
v'VRSS—Variable Rate Spraying System
v'RECS—Remote Environmental Control System
» Production Traceability
v CPRS—Crop Production Resume System

« Environment Resume
* Management Resume



Remote Sensing and Control |
mwAutomation.of Precision Cultivation
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Variable Rate Spraying System

» RFID Tag Detection

» Multi-Spectral Images Grabbing

» Environmental Factor Measurement
» Image Processing and Analysis

» Water Management Decision

» Variable Rate Spraying
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Variable Rate Spray System
-- Graphic Programming Control System
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RFID-integrated Multi-Functional Remote Sensing System
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Case Study -

Spectral Imaging Approach to
Detect Water Stress of Vegetable



Hyperspectral Imaging System

* Hyperspectral imaging
(HSI) system can not
only detect the spectrum,
but also obtain the
information of the image
spatial space.

* Hsu etal. (2018)
developed a HSI system
to evaluate phalaenopsis
flowering quality.




Sample Preparations

« The leafy vegetable samples used in the
experiments were Fengjing Pakchoi (Brassica
rapa L. var. Chinensis (Rupr.) Olsson).

« Cultivated in phytotron of NTU.

' sampling

< sowing

transplanting

ater stress
treatments




Measurement of Water Potential

Water potential measurement NG
system (Wescor) includes : |

(A) Sample chambers
+ Psycrometer switchbox
(B) Dew point microvoltmeter
(C) PicoLog acquisition
software.




Measurement of Spectral Images

* A hyperspectral imaging (HSI) system (Hsu
et al., 2018) was adopted to capture the
spectral images of vegetables.
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Spectral Analysis

« MPLSR analysis results of hyperspectral
Imaging in evaluating water potentials of
leaves.
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Water Potential Distribution

* Pseudocolor Contour Plot to represent the
distribution of water potentials on leaves.

(C) Higher water potential

» |t was obvious that the distribution of water
potential on vegetable leaf was not uniform.
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