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IT&Agriculture&for&Climate&Change&

Adaptation&and&Precision&Farming

• Part&1&Modeling&and&Simulation

–Why&Modeling and&Simulation&?

– Crop&Models&and&Calibration

– Uncertainty&and&Weather&Generator

– A&Framework&of&DSS&System&for&Adaptation&and&PF

• Part&2&Data&Driven&Agriculture

– Interoperability,&Standard,&and&Web&Services

– Field&Sensor&Network
– Sensing&Technologies&– new&satellite/UAV
– Applications&on&Interoperable&Sensor&Networks
–Movement&in&Japan&and&the&World
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Need&of&Precision&Farming& for&Higher&Productivity

• Growing&population

• Increasing&Demand

• BioOEnergy

• Living&Standard

• Limited&Land&

Development&and&

Irrigation&Infra.

• Need&to&improve&

productivity

• Precision&Farming
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Climate&Change&Variability

• Impacting&crop&

growth

• Extreme&Event

• Need&of&

adaptation

• Scenario&

Simulation

• Risk&Assessment

Workshop&on&&“Technology&development&for&climate&resilience&and&efficient&use&of&resources&in&the&agricultural&sector&in&Thailand”,&26O30&Sep.&2016&

UNOCTCN,&AIT,&NSTDA,&Day&3,&IT&Agriculture&for&Climate&Change&Adaptation&and&Precision&Farming,&Kiyoshi&HONDA&Chubu&University,&Japan 6

Scenario&Evaluation

• What&if

– Climate&change

• Yield&changes&?&Suitability&changes&?
• New&crops&?&New&variety&?

– Precision&Farming&O>&Fertigation,&Planting&dates&?

• When&?&How&much&?

• Uncertainty

–Weather,&Model&Parameters

• Prepare&scenarios,&and&simulate&for&

optimization
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HPC (GPGPU, 
Cluster, GRID)

Scenario Simulation

Satellite RS

Agriculture&Information&Service&on&Modeling&and&Scenario&Simulation

Sensor 
Network

Real Time Update

Cloud & Data Integration

Model 
Calibration

Comparison*of*Satellite*LAI*and*Simulated*LAI
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• Rice

• DSSAT–CERESORice

• ORYZA

• SIMREW

• SWAPOWOFOST

• CROPWATCH

• H08

• CATCHCROP

• Cassava,&Sugarcane,&Rubber

Various&Crop&Models

(Physical&Simulation&Based&)
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Structure of Bio-Physical Crop Model
example

Soil-Water-Atmosphere-Plant Model (SWAP)

Adopted*from*Van*Dam*et*al.*(1997)
Drawn*by*Teerayut*Horanont*(AIT)
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• Developed&by&an&int’l&

community&of&

agronomists

• A&platform&supporting&

42&crop&models

• GUI&as&well&as&

command&based&

execution

• Trainings&and&

development&sprints

• Including&model&

calibration

DSSAT

Decision&Support&System&for&Agrotechnology&Transfer
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DSSAT&– Crop&Model

Decision&Support&System&for&Agrotechnology Transfer

• Simulating&

water&

environment

• Practical&

Functionality

• Popular

• Strong&support

• Various&plant&

modules

• Going&to&be&

Open&source

• Nitrogen Supported&

Crops
DSSAT&

Homepage
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DSSAT&CERESORICE

• CERES&– Cereal&

Crops

• CERESOMaize,&

Sweetcorn,&

Sorghum,&

Millet,&Wheat&

and&Rice

• Recently&

ORYZA&was&

added
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Crop*Modeling*J How*to*determine*unknown*model*parameters*– Data*

Assimilation*

Satellite*RS,*
Sensor*Net,*
Statistics Crop*Model

Model*Parameter* J
Cultivar,*Soil*Property,*
Water*Management

Observed*LAIu
Evapotranspiration,*
Soil*MoistureuYield
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Simulated*LAI,*
Evapotranspiration,*
Soil*Moisture,*Yield

Data*Assimilation*
by*GA*to*find*
optimized*
parametersRS

Model

GA

How&will&water&supply&
contribute&to&yieldÂ

Observation&data&is&just&
a&snapshot.&Utilize&RS&
and&sensor&for&model&
calibration&to&evolve&
monitoring&to&
simulation

Planting&date&?&Irrigation&
Scheduling&?&Risk&of&DryJ
spell,&Typhoon&?&Climate&
Change&?
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Cultivar&Parameters&for&Calibration&– Example

Genetic&coefficients&of&DSSATOCSMOWheat&Model

• CUL&Parameters

• All&parameters&are&unknown&in&the&

calibration

!"COEFF"""DEFINITION
!&=====&&&==========

!&AWNS&&&&Awn&score&(0O10;10=very&long)

!&ECONO&&&Code&for&the&ecotype&(code)

!&GRNMN&&&Minimum&grain&N&(%)

!&GRNS&&&&Standard&grain&N&(%)

!&HTSTD&&&Standard&canopy&height&(cm)

!&KCAN&&&&PAR&extinction&coefficient&(#)

!"LAWRS"""Lamina"area"to"weight"ratio"of"standard"first"leaf"(cm2/g)
!"LAWR2"""Lamina"area"to"weight"ratio,"phase"2"(cm2/g)
!"LA1S""""Area"of"standard"first"leaf"(cm2)
!"LAVS""""Area"of"standard"vegetative"phase"leaf"(cm2)
!"LARS""""Area"of"standard"reproductive"phase"leaf"(cm2)
!&LLIFE&&&Life&of&leaves&during&vegetative&phase&(phyllochrons)

!&LT50H&&&Cold&tolerance&when&fully&hardened&(oC)

!&NFGL&&&&N&stress&factor,&growth,&lower&(fr)

!&NFGU&&&&N&stress&factor,&growth,&upper&(fr)

!&NFPL&&&&N&stress&factor,&photosynthesis,&lower&(fr)

!&NFPU&&&&N&stress&factor,photosynthesis,upper (fr)

!"PARUV"""PAR"conversion"to"dm ratio,"before"last"leaf"stage"(g/MJ)
!"PARUR"""PAR"conversion"to"dm ratio,"after"last"leaf"stage"(g/MJ)
!"P1""""""Duration"of"phase"end"juvenile"to"double"ridges"(PVTU)
!"P2""""""Duration"of"phase"double"ridges"to"end"leaf"growth"(TU)
!"P3""""""Duration"of"phase"end"leaf"growth"to"end"spike"growth"(TU)
!"P4""""""Duration"of"phase"end"spike"growth"to"end"grain"fill"lag"(TU)
!&P4SGE&&&Stem&growth&end&stage&(GrowthStage)

!"RDGS1"""Root"depth"growth"rate,early phase"(cm/standard"d)
!&RDGS2&&&Root&depth&growth&rate,&later&phases&(cm/standard&d)

!&RSFRS&&&Reserves&fraction&of&assimilates&going&to&stem&(#)

!&TI1LF&&&Tillering threshold&(leaf&#&to&start&tillering)&(#)

!&WFGU&&&&Water&stress&factor,&growth,&upper&(fr)

!&WFPU&&&&Water&stress&factor,&photosynthesis,&upper&(fr)

!&WFPGF&&&Water&factor,&genotype&sensitivity&to&stress&when&grain&filling&(0O1)

!&TBGF&&&&Temperature&base,grain filling&(oC)

!&P1DPE&&&Daylength factor,&pre&emergence&(#,0O1)

• ECO&Parameters

• Carefully&choosing&parameters&for&

optimization&after&sensitivity&analysis
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Genetic Algorithm in a nutshell
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Field&photos

• Longitude:lonnmnnsopp
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LAI*and*NDVI*Own*Correlation

NDVI%VS%LAI%From%Field%Measurement
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R2 =&0.8886
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Result&(2)lComparison*of*Satellite*LAI*and*Simulated*LAI
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• Estimated&parameters

• DOYCrop1 =&19

• DOYCrop2 =&188&&

• Crop.Int.Crop2 =&0.32

• Fitness =&qm537l

• Generation&found=&31&(popsize=5)

• Calculation&time approximate&15&minutesl
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Objective&Functions

Calibration&is&to&minimize&error&(&Simulated&– Observed&)

Objective&Function&(Mean&Absolute&Error,&or&Root&Mean&

Square&Error)&

e.g.&

Z(cultivar&parms,&soil&parms,&agri practices,&weather&)&

=a1*Yield&+&a2*ADAT&+&a3*MDAT&+&a4*LAI&+…….

+&an *&abs&(simulated&– observed&of&a&state&variable&)

Fitness&&=&1/Z

Observation,&recording&is&important
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Draught&Monitoring&in&Thailand

• Big&damage&to&rice

• Impact&assessment&of&dry&spell

• Calibrating&a&rice&model&via&data&

assimilation&&(&RS&and&Field&Sensor&)

• Access&to&Data&through&SOS

• Funded&by&Thai&Research&Fund
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Crop Observationl
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SatULAI
Leaf Area Index (LAI)

derived from MODIS
LAI product cannot be
used directly because it
underestimates the
results.
The satellite LAI was
calibrated from ground
measurements to reflect
the field conditions
before the used in the
assimilation process.

Comparison*between*LAI*from*Satellite*and*field*measurement*
in*Trakan**Phutphon**(2007)
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Comparison*between*calibrated*LAI*and*site*LAI**
*in*Trakan**Phutphon*(2007)
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SatUETa"
SEBAL use to evaluate the instantaneous 
energy balance at each pixel by using 
remote sensing data and meteorological 
data to determine ETa.

. 
The calculated ETa from SEBAL were validated ETa from 
Bowen-ETa observed in the field before this was used in the 
assimilation process.
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Comparison*between*ETa*from*Satellite*and*field*
measurement*in*Trakan*Phutphon
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Soil Moisture Observationl
! Data can be retrieved through 

SOS
Soil*texture**

! Soil texture was analyzed by 
Kasetsart Laboratory

Soil*moisture*
sensor
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RapidEye LAI&O Wheat
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Example&of&Calibration&for&Wheat

R RMSE

Yield 0.824 593.264

Anthesis 0.760 1.549

Maturity 0.540 2.607
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Example&of&Calibration&for&Wheat
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Uncertainty

• Simulating&for&one&cropping&season.

– Can&Predict&the&yield&?
• Weather&?

– Use&normal&?

– Probability&to&have&exact&normal&weather&?

– Climate&Change&Impact,&use&GCM&output&?&100km&

average&weather&variables&?

• Model&and&its&parameters&?

– Can&simulate&100%&exact&?

– Are&the&model&parameters&exact&?
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Disaggregation&and&Stochastic&

Weather&Generator

• GCM&output&is&averaged&weather&variables&

in&.e.g 250km&x&250km.

– Needs&to&assume&variabilities&in&the&grid

– Generate&finer&scale&variabilities&– Disaggregation&
• Skill&of&models&is&not&good&enough&for&long&

term&prediction

– If&no&skill&– Assume&statistical&distribution,&If&some&

skill&– adjust&the&distribution,&

– Dice&throwing&to&generate&randoms that&follow&the&

dist.&– Stochastic&Weather&Generator
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I.&Climate&Risk&Management

Ra
in
fa
ll,
(m

m
(

Year(

Average(

If&we&can&predict&&&quantify:&a&lot&of&
opportunities&to&manage&climate&risks&
in&agriculture

Managing&the&full&range&of&
variability

Courtesy:&A&novel&approach&for&downscaling&probabilistic&seasonal&climate&
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Seasonal&Forecast

• Published&by&the&

probability&of&

AN,NN,BN

• If&no&anomaly&is&

expected,&then&

33:33:33

• This&AN,NN,BN&is&used&

to&adjust&the&

probability&density&

function(pdf)
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Seasonal&Climate&Forecast

Below 
Normal 

Above 
Normal 

Historical distribution 
(climatological distribution) 
(33.3%, 33.3%, 33.3%) 

Forecast distribution 
  (15%, 32%, 53%) 

Near-Normal 

NORMALIZED RAINFALL 

FR
EQ

U
EN

C
Y 

The&concept&of&probabilistic&seasonal&climate&forecast&(Courtesy)of:)
Michael)Tippett,)Columbia)University,)NY)

Courtesy:&A&novel&approach&for&downscaling&probabilistic&seasonal&climate&forecasts:&parametric&
or&nonJparametric,&A.V.M&Ines&and&E.Han
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Weather&Generation&for&Simulation

• 100&weather&realization&

based&on&statistics&of&

historical&daily&data

• Future&weather&

generation

– ΔT and ΔP ( trend)
(&precipitation&)&is&added&

to&current&climatology&

parameter

– 100&Realization

• 100&times&of&DSSAT&

simulation&X&5&planting&

date&scenarios&5&planting&

date:&O2,&O1,&0,&+1,&+2&week&

of&user&defined&date
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How&to&Reduce&Uncertainty&in&Prediction

• Big&Uncertainty&

in&Weather

• 100&of&Weather&

Scenarios

• Yield&as&a&

Distribution

• Field&Sensor&

Network

• Climate&

Forecasts

• Uncertainty&in&

Model

• RealOtime&Data&

Assimilation

Reducing)uncertainty)with)updated)informa4on)

Hansen et al. (2006) Clim. Res. 
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Climate forecasts 

Data assimilation 
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Cropping&Simulation&System&in&Prediction&Mode

Kitahonami,&Monte&Carlo&GA

Prediction&of&wheat&(Kitahonami)&yield&(Kg/ha)&from&Apr1,&May1,&Jun1,&Jul1&and&
Aug1&using&Monte&Carlo&GA&derived&crop&parameters&(Obj 5&– 0.4yield,&0.4adat,&
0.2mdat).&Actual&yield&(2011J2012)&in&Tokachi Agr.&Experiment&Station&is&&7,330&
Kg/ha

Yi
el
d&
(k
g/
ha
)

Observed
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• Integrated&data&(&RS,&UAV,&Field&Sensor/Obs.&)&for&Assimilation

• Reducing&uncertainty&as&time&passes&through&by&weather&and&data&

assimilation

• UpOtoOdate&prediction&as&probability&distribution and&filtering

• Standard&Web&Services&and&Web&Interface&for&information&service

A&Framework&of&DSS&System&for&Adaptation&and&PF
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Summary&of&Part1

• Modeling&and&Simulation

– Climate&Change&Adaptation

– Precision&Farming

• Sensing,&observed&data&is&important&for&

calibration

• Take&into&account&of&uncertainty&in&simulations

– Generating&scenarios
– Updating&scenarios

• A&Framework&of&DSS&System&for&Adaptation&

and&Precision&Farming
44

Workshop&on&&“Technology&development&for&climate&resilience&and&efficient&use&of&resources&in&the&agricultural&sector&in&Thailand”,&26O30&Sep.&2016&

UNOCTCN,&AIT,&NSTDA,&Day&3,&IT&Agriculture&for&Climate&Change&Adaptation&and&Precision&Farming,&Kiyoshi&HONDA&Chubu&University,&Japan

IT&Agriculture&for&Climate&Change&

Adaptation&and&Precision&Farming

• Part&1&Modeling&and&Simulation

– Why&Modeling and&Simulation&?

– Crop&Models&and&Calibration

– Uncertainty&and&Weather&Generator

– A&Framework&of&DSS&System&for&Adaptation&and&PF

• Part"2"Data"Driven"Agriculture
– Interoperability,&Standard,&and&Web&Services

– Field&Sensor&Network
– Sensing&Technologies&– new&satellite/UAV
– Applications&on&Interoperable&Sensor&Networks
–Movement&in&Japan&and&the&World

Workshop&on&&“Technology&development&for&climate&resilience&and&efficient&use&of&resources&in&the&agricultural&sector&in&Thailand”,&26O30&Sep.&2016&

UNOCTCN,&AIT,&NSTDA,&Day&3,&IT&Agriculture&for&Climate&Change&Adaptation&and&Precision&Farming,&Kiyoshi&HONDA&Chubu&University,&Japan 45



HPC (GPGPU, 
Cluster, GRID)

Scenario Simulation

Satellite RS

Agriculture&Information&Service&on&Modeling&and&Scenario&Simulation

Sensor 
Network

Real Time Update

Cloud & Data Integration

Model 
Calibration

Comparison*of*Satellite*LAI*and*Simulated*LAI

0

1

2
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4

5
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DOY
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I

LAI_sat
LAI_sim

UAV

Agri. 
Machines, 
Applicatio
n records

Yield,*Soil,*
etc.

Weather

Crop Model

Decision*
Making
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• Small&and&LowOCost&Sensors

• New&Field&Platforms

• Mobile&Internet&(&3G,&Lora&and&LoraWAN,&Sigfox…&)

• RealOtime&field&information&from&anywhere

• Environment,&Disaster,&Agriculture,&Logistics,&etc.

• Monitoring&Panel,&Early&Warning,&Simulation

• Metadata,&communication&over&various&internet,&

visualization,&standard&API,&Security,&User&Management….&

+
Mobile 
Internet

Low Cost Sensor
CO2: SenseAir

Field Platform
FieldServer, e-kakashi

Ubiquitous Field
Sensor Network

Field Sensor Network
High-Density Environmental Data 
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Field&

Sensor&

Networ

k

Remote&

Sensing

UAV

Weather&

Forecast

Crop&

Simulation

Agricultural

Machines

FMIS

Logistics

B2B&

Trading

Market&

Analysis

B2C&

Trading

Isolated&System&to

Interoperable&Integrated&System

Distribute

d&DB

Distribute

d&DBDistribute

d&DB

Distribute

d&DB
Distributed&

DB

Appli 1

Field&Sensor&

Network1

Visualization

Sensor&

DB

Appli 2

Field&Sensor&

Network2

Visualization

Sensor&

DB

Standard&/&Common&/&Open&

API
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Standard&Web&API&for&Geospatial&Data

• OGC’s&standard&Web&Service

–WMS&(&Web&Map&Service ),&WCS&(&Web&Coverage&Service&)

–WFS&(&Web&Feature&Service ),&WPS&(&Web&Processing&Service )

– SOS&(&Sensor&Observation&Service&)
• Providing&sensor&metadata&and&data

– Applications&can&find&sensors,&metadata,&and&data

– 3&major&queries&

• GetCapabilities O>&platforms,&observed&properties…

• DescribeSensor O>&SensorML

• GetObservation O>&O&M&doc
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Web&Service&(&Web&API&)

• Send&a&request&to&a&server,&usually&http

– A&request&is&embedded&in&URL&(&HTTP&GET&)
• http://de11.digitalasia.chubu.ac.jp/soil/searchSoil.php?lat=35.279&lon=137.021&format=dssat

&db=wisol&dist=100

– Sending&a&request&as&a&file&content&(&HTTP&POST&)

• Current&modern&systems&are&constructed&on&Web&

Services

• Standardized&request&and&response

– Enhance&interoperability

– Client&can&send&requests&to&any&servers&if&they&are&

compliant&of&the&standard&(&e.g.&html&)

• Vertical&all&in&one&development&to&layered,&platform&

style&development&
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Web&Services&and&Applications
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Cloud Based Sensor Back-end Service
Data Collection with Sensor Plug&Play, Metadata Management, Publishing, 

Rapid Application Development

OGC’s"Standard"Web"Service:"Sensor"
Observation"Service(SOS)"enables"

Rapid,"Low"Cost"and"Flexible"
Application"Development

Field Sensor ApplicationSensor Back-
end Cloud 

Service

cloud
Sense

The*project*is*organized*by*
University*of*Tokyo,* University*
COOP*in*Japan*and*Fujitsu*Design*
Co.,*Ltd.uAIT,*

Spinach*Promotion*from*
Thailand*to*Japan.*

Application*on*the*cloud*
Service

Asia"Pacific"ICT"Alliance"
Award"2010

Winner
Tools and 

Infrastructure
Applications 

Category
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Interoperable&Information&Platform Structure

InterAct Project

Interdisciplinary&Agricultural&Information&and&Communication&Technology,&
Ministry&of&Agriculture,&Japan
j1K,W�a�c�<(J�eU���MO)w&
v*�# ��b/���^9?G�e�*��´ª°�=Pw&vICT&@H^<�<�µ5�«³���¦w&��

http://www.naro.affrc.go.jp/brain/ibunyakyodo/news/2014/053158.html

Information&Service

Application&Service&Layer

Sensing&/&Data&Collection&Layer

Weather,&Farm&State,&Plant&State,&Practices

Service&Consumers

Web&Service

2

1

3
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8&types&of&platforms,&with&multiple&sub&

systems&and&sensors,&data&Interfaces
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• 8&Platforms/operators,&different&data&access

• 80&observed&properties&published&in&different&names

• No&metadata&web&service&– location,&UOM

• Huge&work&required&to&connect&applications&to&sensor&

data.

Showing&data&from&different&platforms&in&a&

same&format,&provides&SOS&API

FieldRouter LUFFT&&&&&&&MeteoCropDB(AMeDASONIAES)
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MeteoCropDB

AMeDASONIAES&

• Same&access&

method&with&

local&sensor&

platforms
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Various&

Management

• User&

management

• User&role&setting

• Token&generation

• Platform&models

• Sensor&models

• UOM&database

• Alert&Setting

• …
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Sensor&operation&monitoring
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Single&standard&web&service&connecting&

applications&to&heterogeneous&sensor&systems

EJcropping&calendar

Suntory&Vineyard&
Temperature&Analysis

Different&
Access&
Method

Applications

cloudSense

SOS

on&AWS

Satellite,&UAV&

Image

WMS,&WCS&

Server

GetCapabilities

List of platforms, 
sensors

GetObservation

Sensor Data O&M

1

2
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Concepts"of"Dynamic"“eUCrop"Calendar”

Standardized&records&with&ontology

Archive&of&accumulated&data

Best&schedules&based&
on&crop&phenology&

models&

Communicate&with&other&users!

Knowledge*and*Experience

Field*monitoring

Prediction
Decision

User

Field&monitoring&
by&sensors

Cultivation*
record

eJCrop*
calendar*

Knowledge*and*Experience

Field*monitoring

Prediction
Decision

Cultivation*
record

Farmer
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Courtesy:&
AFITA&2016,&
Emi&Kameoka

Field&Touch&
Overview

" Higher*Yield
" Better*Quality
" Land*Management
" Cost*reduction
" Risk*Management
" Inherit/Sharing*Farming*Skill

Crop,&Land,&Weather&Monitoring

Farm&log&/&SNS
Scenario&

Simulation

Precision&

Farming

Satellite&/&Aircraft&/&

UAV&observation

Field&Sensor&

Network

Application

Cloud&based&
Data&source

OGC&API

Real"Time"and"
spatial"information"
for"decision"making

Own&or&
External&
sensing&
devices

An&information&platform&to&provide&useful&information&
on&crop&cultivation&to&farmers&and&other&stakeholders

OGC&API Providing&Unified&Access&to&GeoJSpatial&Data
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Fieldtouch

UI

• Development&led&by&

IHI.&Chubu&U&

provides&sensor&

cloud,&simulation&

and&UAV&technology&

• Support&Precision&

Farming&using&

Satellite&RS,&Sensor&

Network,&Simulation&

Technologies

• Currently&serving&to&

300&Farmers&in&

Hokkaido/Japan

• Going&to&be&world&

wide

HighOResolution&Satellite&RS&updated&

every&two&weeks.&Monitor&spatial&

variability&of&growth&in&fields&to&adjust&

fertilizer.&Airborne&and&UAV&images&

will&be&integrated&in&2013.

Real&time&weather,&soil&

moisture,&photos,&Processed&

as&a&convenient&form&such&as&

temp&accumulation&graphs.&

Heavy&access&from&farmers&

every&morning.&cloudSense&

provides&data&via&SOS,&

enabling&quick&

adding/modification&of&

sensor&nodes

Agricultural&treatment&

history
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Giving Interoperability to heterogeneous sensing data
via OGC Standard Web Service

O
G

C
 A

PI

GetCapabilities

List of authorized 
SOS stations with 
its sensors

GetObservation

Sensor Data with
Timestamp

1

2

Simulation&System

User&Interface&for&Famers
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Precision&Farming

higher&and&homogenous&yield

GPS&Fertilizer&
BroadcasterFertilizer&Planning

Tractor&and&Broadcaster&
Communicates&over&ISOBUS
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eOkakashi

• Durable&Field&Sensor&Network

• Analysis&Application&Layer

• Dynamically&suggest&options&

based&on&sensed&environment
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Courtesy:&
PSJSolutions



Next&of&the&Sensing

• Environmental&data&will&be&commodity&of&the&society&soon.

• Guidance&system&utilizing&on&simulation,&AI&will&be&the&arena&of&the&

competition
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PSJSolutions

Tomorrow’s&Crop
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Let’s&start
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Where&is&your&farm&?
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Check&the&historical&weather&data
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Date&?&Cultivar&?&Soil&Type&?
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3&Apr&is&the&best,&then&gradually&

reduces.&In&May&20%&lower&yield
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Simulation&Service&for&Decision&Making

How&sowing&date&impacts&expected&yield&

Weather&scenarios&updated&by&sensor&network&daily
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Soil&API
• Soil&physical&property&is&important&for&running&models.

• Web&service&to&provide&soil&property&from&lat/lon

• World&Soil&DB&WI.SOL&(&point&data&)

• Fusing&with&Japanese&soil&database

• Directly&generate&soil&parameter&in&DSSAT&native,&DSSAT&json format&or&key&

value&in&soil&database&of&DSSAT

• Important&Web&Service&to&automate&model&runs
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Grid&Weather&Data&to&SOS&Service

NARO&1km&Grid&in&Japan
• Weather&data&is&becoming&gridded&by&sophisticated&interpolation&techniques.

• Hiding&specific&data&structure&and&access&method&by&SOS&to&give&interoperability

• Important&to&generate&weather&scenario&in&automatic&model&runs
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NARO&Agent Client
SOS

SOS&Data&Source

Convert&Specific&Access&method&
to&SOS&Standard&API

S
O
S
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MultiOLayered&Web&Service

Information&Infrastructure

Sensors.
Agricultural&

Work

Weather&Sta.&

Network

Other&

Sensor

Interpolation,&

Visualization

Weather&Generator

Corp&Simulation

Standard&API

SOS

Open&API

Open&API

Application

Open&API

Application

Visualization

Weather&Gen.

Crop&Model

AllJinJOne&Appli

Combine&
Analysis&
Web&
Services
J Easy&
develop
ment

Virtualized&Sensor&
Systen

CrossJministerial
Strategic&Innovation&
Promotion&Program&(SIP)
Min&of&Agriculture,&Japan

App&by&calling&
Web&Services
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New&Satellite&Systems

• Constellation

• HighOresolution,&HighOFrequency,&Better&

resolution
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ShX4}±¯¡´�^<�H��{�

High&Resolution&High&Frequency&Satellite&Data&

• Constellation&by&5&identical&satellites
• High&Resolution&– High&Frequency
• Highly&applicable&for&Agriculture

• Conventional&Satellite&RS
• High&Reso – Low&Frequency
• High&Frequency&– Low&Reso
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Planet&labs

120&Dove&Satellites&in&2016

• Everyday&3.5m&resolution&by&120&Dove&constellation
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AXELSPACE

Microsat Constellation
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UAV&for&Agriculture

• UAV&is&rapidly&becoming&popular

• Now&new&sensors&are&becoming&available

–MultiOChannel&Camera

– Thermo Camera

– Lidar
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UAV&for&Agriculture

^<H�!TUAV
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Various&Imaging&Sensors&for&UAV
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• RGB

• NIR

– Basic&Band&for&Vegetation
• RE

– High&sensitivity&for&the&status&of&plants
• 4&Channel& (&G,&R,&RE,&NIR&+&Irradiance&)&

– Reflectance
• Thermal

– ETa
–Water&Stress

• Lidar www.sensefly.com

http://velodynelidar.com/
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Advantages&and&Limitations&of&UAV&

• Agile

– Immediate&flight

– Observation&under&cloud&cover

– Needs&of&own&operation,&Wind,&Landing&Place.

• High&Resolution

– mm&to&cm&level

– 0.5&– several&km2&

• Sensor

– MultiOband,&Thermal

– Limited&payload

• Data&Processing
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Autonomous UAV Flight
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UAV���ZA�	H

UAV*:*Obihiro*:*2013J08J02l
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Nagoya&University&Experimental&Farm
DATE:&2015J05J08,&RGBl

Workshop&on&&“Technology&development&for&climate&resilience&and&efficient&use&of&resources&in&the&agricultural&sector&in&Thailand”,&26O30&Sep.&

2016&UNOCTCN,&AIT,&NSTDA,&Day&3,&IT&Agriculture&for&Climate&Change&Adaptation&and&Precision&Farming,&Kiyoshi&HONDA&Chubu&University,&Japan
90



DATE:&2015J09J02,&Thermal&&Imagel

Workshop&on&&“Technology&development&for&climate&resilience&and&efficient&use&of&resources&in&the&agricultural&sector&in&Thailand”,&26O30&Sep.&

2016&UNOCTCN,&AIT,&NSTDA,&Day&3,&IT&Agriculture&for&Climate&Change&Adaptation&and&Precision&Farming,&Kiyoshi&HONDA&Chubu&University,&Japan
91

DATE:&2015J09J02
RGB*********************************M4C*NDVI********************************* Temperaturel
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Producing*3D*from*UAV*Imagesl
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UAV&Data&Server

95
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Capabilities&URL
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Observed&Properties and&UOM
• SOS&publishes&observed&properties

– air&temperature,&relative_humidity

• Key&to&request&data

• SOS&does&not&define&how&to&name,&UOM

– Air_temperature,&tmp,&maximum&air&temperature,&

MAX&ATEMP,&rainfall,&10min_rainfall…

– DegC,&C,&Cel,&&
– NASA&Sweet&– not&for&agriculture

• Should&be&machine&readable&and&should&not&

be&too&ambiguous&for&higher&level&of&semantic&
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• Combines&important&properties&of&observed&data&using&underscore&(&_&)

• UOM&follows&UCUM&&(The&Unified&Code&for&Units&of&Measure)

Time&Window&

Value

Time&Window&

UOM
Aggregation

Target&of&

Observation

Physical&

Property

Associated&

information

• 10minutes_maximum_wind_speed_2mheight&[m/s]
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Published&as&a&guideline

O naming&rules,&UOM,&metadata&format&O

• Ministry&of&Internal&Affairs&and&Communication,&Japan

http://www.kantei.go.jp/jp/singi/it2/senmon_bunka/nougyou.html

•ÀH28JGL2Á Guidelines&on&environment&information&data&items&in&agricultural&IT&
System&(&recommended&for&implementation&)&·31&Mar&2016¸·PDF¸·Word¸
Table&1&UOM&as&Reference ·Excel¹ CSV¸
Table&2&Base&names&and&UOM& ·Excel¹ CSV¸
Table&3&Examples&of&names&with&aggregation&information ·Excel¹ CSV¸
Table&4&Metadata&format&on&TOR&for&data&use ·Excel¸
Table&5&Metadata&format&on&sensor&specification&and&observation&conditions·Excel¸
Table&6&Metadata&format&on&data ·Excel¸

•ÀH28JGL2Á Guidelines&on&environment&information&data&items&in&agricultural&IT&System&(&recommended&for&implementation&)
•^<IT� ¤­�Hy�F�*��¥¶¢kL�g������§°�´·7;dHD¸
·$+28%36313�����¸·PDF('¸
���§°�´�70�¥¶¢���H���2����70 ·Word('¸
�Yº �B�����Y ·Excel('¹ CSV('¸
�Y» �7kL�µ��Y ·Excel('¹ CSV('¸
�Y¼ i[µ_�*������kL�
 ·Excel('¹ CSV('¸
�Y½ �¶© �H8��®¢*�\fª�¶¬£¦ ·Excel('¸
�Y¾ ¡´�¶��>��[A8��®¢*�\fª�¶¬£¦·Excel('¸
�Y¿ [AR:�®¢*�\fª�¶¬£¦ ·Excel('¸Workshop&on&&“Technology&development&for&climate&resilience&and&efficient&use&of&resources&in&the&agricultural&sector&in&Thailand”,&26O30&Sep.&2016&UNO
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Published&as&a&guideline

O Interface&for&data&exchange&(&API&)&O

• Ministry&of&Internal&Affairs&and&Communication,&Japan

http://www.kantei.go.jp/jp/singi/it2/senmon_bunka/nougyou.html

ÀH28JGL4ÁGuideline&for&exchanging&agricultural&information· For&trial&¸
·31&Mar&2016¸·PDF¸ ·Word¸
Appendix&1 GetCapabilities.xml ·XML¸
Appendix&» GetCapabilities_Response xml ·XML¸
Appendix&¼ DescribeSensor.xml ·XML¸
Appendix&½ DescribeSensor_Response_SensorML1.0.1.xml ·XML¸
Appendix&¾ GetObservation.xml·XML¸
Appendix&¿ GetObservation_ResponseWithSWE.xml ·XML¸

ÀH28JGL4Á^<*��¥¶¢�.��´¢ª�¶ �g������§°�´·]VD¸
·$+28%36313�����¸·PDF('¸
���§°�´�70�¥¶¢���H���2����70 ·Word('¸
�Qº GetCapabilities.xml ·XML('¸
�Q» GetCapabilities_Response xml ·XML('¸
�Q¼ DescribeSensor.xml ·XML('¸
�Q½ DescribeSensor_Response_SensorML1.0.1.xml ·XML('¸
�Q¾ GetObservation.xml·XML('¸
�Q¿ GetObservation_ResponseWithSWE.xml ·XML('¸Workshop&on&&“Technology&development&for&climate&resilience&and&efficient&use&of&resources&in&the&agricultural&sector&in&Thailand”,&26O30&Sep.&2016&UNO
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Position(GPS)
Speed
Power
Fuel&consumption
Steering
Vibration

Yield
Fertilizer
Chemical

Controlling&
Tractors

CI:&https://www.facebook.com/yasuyuki.hamada.33
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Movement&in&the&World
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FIOSpace

• FIOPPP&(&Future&Internet&PublicOPrivate&Partnership, since&

2011,&5yrs,&300MEuro&)

• FIOSpace&O B2B&Business&Platform&for&AgriOBusiness

• Acceleration&Program&for&an&ECO&System

http://fispace.eu/whatisfispace.html
http://www.fiJppp.eu/
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Wageningen UR

• University&and&Research&Center

• Mass&of&research&unit
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FIOSpace&Git
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High&Level&SME&O Lime Tri

200ha&farm&land&+&software&engineering
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Kverneland

• Positive&in&standardization

• Support&ISOBUS&and&Standard&data&model
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52north,&Germany

• NFP&Company&for&Field&Sensor&Network

• OGC&standard&+&Opensource
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52&North&git
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International Soil&Data&Interoperability

*&CSIRO&(Commonwealth&Scientific&and&Industrial&Research&Organisation),&Australia
*&Landcare Research&New&Zealand&Ltd.
*&ISRIC&J World&Soil&Information,&Netherlands
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agGateway

• Working&
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Commercial&AgriOPlatform&and&

Weather&Services
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DSS&for

higher&level&of&precision&farming

• Work&Optimization&based&on&Spatial&

Monitoring&and&Scenario&Evaluation
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EOkakashi Web&Application

Dynamic&Cropping&

Calendar

Spatial&Monitoring

Scenario&Evaluation Optimization

Machine&Control
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CPS(&Cyber&Physical&System&)

Summary&of&Part&2

• Interoperability

– Key&for&data&Integration
• Web&Service&and&Standard

• Various&systems&developed&in&interoperable&

web&services

• New&UAV,&Satellite&systems

• Movement&in&Japan&and&the&world
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