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IT Agriculture for Climate Change

Adaptation and Precision Farming
e 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

e 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
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Climate Change Variability
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Scenario Evaluation
e What if

— Climate change
* Yield changes ? Suitability changes ?
* New crops ? New variety ?

— Precision Farming -> Fertigation, Planting dates ?
* When ? How much ?

Uncertainty
— Weather, Model Parameters

Prepare scenarios, and simulate for
optimization
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Agriculture Information Service on Modeling and Scenario Simulation
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Various Crop Models
(Physical Simulation Based )

* Rice
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Structure of Bio-Physical Crop Model

example
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DSSAT

Decision Support System for Agrotechnology Transfer

 Developed byanint’l 3

community of
agronomists

* A platform supporting
42 crop models

e GUlaswellas
command based
execution

e Trainings and
development sprints

* Including model

{3 DSSAT

About v Crop Models & Applications ools Data Training

5th DSSAT Development
Sprint

University of Florida | July 25-29, 2016

ecececee

What is DSSAT?
/are application program that

Request DSSAT v4.6

Finally - DSSAT v4.6 Is here. Request to downioad
your own copy today!

ver 100 countries woridwide. L

growers, and policy and decision makers in o

calibration
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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

Workshop on “Technology development for climate resilience and efficient use of
UN-CTCN, AIT, NSTDA, Day 3, IT Agriculture for Climate Change Adaptation and Precision Farming, Kiyoshi HONDA Chubu University, Japan

Land Unit Module

each of the Primary Modules

Primary Modules

Environmental Modifications

The Land Unit Module is called by e
the Main Program to preform each
step of processing and in turn calls /

Fertilizer Application

Residue Placement

Soil Dynamics
Soil Temperature

i

Weather

Seasonal Loop
Daily Loop

M.
Manag it
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Soil Water
Soil Nitrogen & Carbon

Template Crop Models
Soybean

Dry hean
Tomato
Other crops

J' Soil - Plant - Atmosphere

CROPGRO Plant Template

- Pest & Disease Damage

Plant
CERES Maize

CERES Wheat

SUBSTOR Potato

[ .. ]
Plant

Eiculturam, 26-30 Sep. 2016

CERES Rice

Other Crops

e CERES — Cereal

Crops

CERES-Maize,
Sweetcorn,
Sorghum,
Millet, Wheat
and Rice
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EMETILDINGA—E—ZRHAEN SHHEE
Crop Modeling - How to determine unknown model parameters — Data

Assimilation
Observation data is just

| Model Parameter - a snapshot. Utilize RS
. Cultivar, Soil Property, and sensor for model

Satellite‘ RS, Water Management calibration to evolve

Sensor Net, GA 1 rr'lonitor.ing to
Statistics Crop Model simulation

1 i How will water supply

Observed LAI. | Simulated LAl contribute to yield ?

Evapotranspiration, Evapotranspiration, |
Soil Moisture, Yield Soil Moisture, Yield ™ e
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Cultivar Parameters for Calibration — Example
Genetic coefficients of DSSAT-CSM-Wheat Model

e CUL Parameters * ECO Parameters
*  All parameters are unknown in the *  Carefully choosing parameters for
calibration optimization after sensitivity analysis

! COEFF DEFINITION
| -

P1v Days at optimum vernalizing temperature required to complete vernalization. IAWNS  Awn score (0-10;10=very long)
R : I ECONO Code for the ecotype (code)
P1D Percentage reduction in development rate in a photoperiod 10 hour shorter | GRNMN Minimurm grain N (%)
than the threshold relative to that at the threshold. I GRNS  Standard grain N (%)
——— = = I HTSTD Standard canopy height (cm)
P5 Grain filling (excluding lag) phase duration (oC.d) I KCAN  PAR extinction coefficient (#)
: B = I LAWRS Lamina area to weight ratio of standard first leaf (cm2/g)
G1 Kernel number per unit canopy weight at anthesis (#/g) ILAWR2 Lamina area to weight ratio, phase 2 (cm2/g)
G2 Standard kernel size under optimum conditions (mg) 'LALS  Area of standard first leaf (cm2)
I'LAVS Area of standard vegetative phase leaf (cm2)
G3 Standard,non-stressed dry weight (total,including grain) of a single tiller at !LARS Area of standard reproductive phase leaf (cm2)
3 I LLIFE Life of leaves during vegetative phase (phyllochrons)
maturity (g) ILTSOH Cold tolerance when fully hardened (oC)
PHINT Interval between successive leaf tip appearances (oC.d) INFGL N stress factor, growth, lower (fr)
papp 5 INFGU N stress factor, growth, upper (fr)

INFPL N stress factor, photosynthesis, lower (fr)

INFPU N stress factor,photosynthesis,upper (fr)

I PARUV PAR conversion to dm ratio, before last leaf stage (g/MJ)
I'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)
| PASGE Stem growth end stage (GrowthStage)

I RDGS1 Root depth growth rate,early phase (cm/standard d)

I RDGS2 Root depth growth rate, later phases (cm/standard d)

I RSFRS Reserves fraction of assimilates going to stem (#)

I TILLF Tillering threshold (leaf # to start tillering) (#)

I WFGU  Water stress factor, growth, upper (fr)

' WFPU Water stress factor, photosynthesis, upper (fr)

| WFPGF Water factor, genotype sensitivity to stress when grain filling (0-1)
I TBGF Temperature base,grain filling (oC)

| PIDPE Daylength factor, pre emergence (#,0-1)
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Genetic Algorithm in a nutshell

Variable1  Variable2
d > Fitness (Evaluation)
A, B,

: Population (t+1)
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LAI and NDVI Own Correlation :

NDVI VS LAl From Field Measurement
NDVI =2.5-1.9128¢"**"
R2 = (0.8886
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Comparison of Satellite LAl and Simulated LAl
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DOY
* Estimated parameters
* DOYCropl =19
*  DOYCrop2 =188
* Crop.Int.Crop2 =0.32
*  Fitness =4.537

¢ Generation found= 31 (popsize=5)
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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 )
=al*Yield + a2*ADAT + a3*MDAT + a4*LAl +.......

+ 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 torice
* 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 Observation
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Sat-E :
SEBAL use to evaluate the instantaneou ‘j‘
energy balance at each pixel by using :
remote sensing data and meteorological ' I= oc.oud
data to determine ETa. | I No data
P study site

The calculated ETa from SEBAL were ‘
Bowen-ETa observed in the field before
assimilation process.
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Soil Moisture Observation

= Data can be retrieved through = Soil texture was analyzed by
SOS Kasetsart Laboratory

ECHO EC-5m

Clay
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RapidEye LAl - Wheat

RapidEye LAl - Wheat Sakurai Farm
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E le of Calibration for Wheat
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Example of Calibration for Wheat
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Uncertainty

* Simulating for one cropping season.
— Can Predict the yield ?

e 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 ?

Workshop on “Technology development for climate resilience and efficient use of resources in the agricultural sector in Thailand”, 26-30 Sep. 2016
UN-CTCN, AIT, NSTDA, Day 3, IT Agriculture for Climate Change Adaptation and Precision Farming, Kiyoshi HONDA Chubu University, Japan




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
wnner ISt = Stochastic Weather Generator ... oo

UN-CTCN, AIT, NSTDA, Day 3, IT Agriculture for Climate Change Adaptation and Precision Farming, Kiyoshi HONDA Chubu University, Japan

|. Climate Risk Management
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International Research Institute Seasonal Climate
for Climate and Society Forecasts
EARTH INSTITUTE | COLUMBIA UNIVERSITY

Seasonal Forecast

* Published by the
probability of

IRI Multi-Model Probability Forecast for Preupltatlon
A N ) N N ) B N for October-November-December 2016, Issued September 2016
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Seasonal Climate Forecast
Near-Normal
0.45 0 T v T ;
04| Below Above |
Normal Normal
0.35f \ -
0.3} 4 ' . . . .
“ Historical distribution

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

o
]
(&

FREQUENCY

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

4
=
o

(=]
e

o
=]
3]

(=]

-4 -3 2 1 0 1 2 3 4
NORMALIZED RAINFALL

The concept of probabilistic seasonal climate forecast (Courtesy of:

Michael Tippett Columbia University, NY)
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Weather Generation for Simulation

* 100 weather realization
based on statistics of
historical daily data

* Future weather
generation

AT and AP ( trend)

( precipitation ) is added

to current climatology
parameter

— 100 Realization

e 100 times of DSSAT
simulation X 5 planting

date scenarios 5 planting
date: -2, -1, 0, +1, +2 week
of user deflned date

Structure of a stochastic weather

generator

(Begin next day)

Generate uniform
random number

Generate today’s
non-ppt. variables

Dry-day non-ppt.
parameters: [y o Oy o

u
4 Generate
=p.?

f(x)
Generate a non-
zero ppt.

x

Wet-day non-ppt.
parameters: i Oy 4

Precipitation sub-model

(after Wilks and Wilby, 1999) Non-precipitation sub-model

Workshop on “Technology development for climate resilience and efficient use of resources in the agricultural sector in Thailand”, 26-30 Sep. 2016
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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 E
e Climate S
Forecasts =
. . (o)
* Uncertainty in &

Model

-~
=~

Reducing uncertainty with updated information

model uncertainty

climate uncertaint:

planting anthesis harves
Time =
o
< PREDICTION =
=
=
(7]

Hansen et al. (2006) Clim. Res.

Real-time Data
Assimilation

Workshop on “Technology development for climate resilience and

efficient use of resources in the agricultural sector in Thailand”, 26-
30 Sep. 2016 UN-CTCN, AIT, NSTDA, Day 3, IT Agriculture for Climate
Change Adaptation and Precision Farming, Kiyoshi HONDA Chubu
University, Japan
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Cropping Simulation System in Prediction Mode
Kitahonami, Monte Carlo GA
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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,
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A Framework of DSS System for Adaptation and PF
( Cloud Sensor \

Observation Service

Static Data Calibrated
Regional > Assimilation ¥ Crop Model

Weather
Stations

Dynamic
Weather o
UAV,Satellite ) Generator F|I.te'r|ng./ Web
Assimilation Interface to
Farmers and

stakeholders

FieldServers
at each Farm

- A

* Integrated data ( RS, UAV, Field Sensor/Obs. ) for Assimilation

* Reducing uncertainty as time passes through by weather and data
assimilation

*  Up-to-date prediction as probability distribution and filtering
Workshop on “Techpology deveJopment for climate resilience and efficient pse of resqurces in the agricultural sector in Thailand”, 26-30 Sep. 2016
- “Standard Web Services.and Wb Tnterface. for information SEIVIEs «en Honon i Uieraty, i




Summary of Partl

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

Workshop on “Technology development for climate resilience and efficient use of resources in the agricultural sector in Thailand”, 26-30 Sep. 2016

UN-CTCN, AIT, NSTDA, Day 3, IT Agriculture for Climate Change Adaptation and Precision Farming, Kiyoshi HONDA Chubu University, Japan 44

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

e Part 2 Data Driven Agriculture
— Interoperability, Standard, and Web Services
— Field Sensor Network
— Sensing Technologies — new satellite/UAV
— Applications on Interoperable Sensor Networks
iz Movementiinslapan:and the World 0. n e e




Agriculture Information Service on Modeling and Scenario Simulation

pwinglet CAM
The asytousefying comera

Sensor

. Agri.
Cloud & Data Integration Machines,

Yield, Soil
etc.

Applicatio
n records

Model

Comparison of Satellite LAl and Simulated LAI
Calibration j A [——LALsat
7 \ —=— LAl_sim
Crop Model > H
ro ode ; P aadn'y
p HPC (GPGPU, | ' ——
Atmosphere Clustef, GRID) 0 30 60 90 120 150 180 210 240 270 300 330 360
Integrated modelling of the

Interception | W

Transpiration

Soil-water-Atmosphere-Plant system

Plant

| e Scenario Simulation

Unsaturated
zone

0 .
Saturated 1 - .
00 \"’\
: Before
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Field Sensor Network
High-Density Environmental Data

* Small and Low-Cost Sensors

* New Field Platforms

* Mobile Internet ( 3G, Lora and LoraWAN, Sigfox... )
* Real-time 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....

lalt . RS = o © g —

T

.......

s w0

Low Cost Sensor Field Platform Ubiquifous Field
Warkshop on_“Technology development for climate resilience and efficient use of resources in the agricultural sector in Thailand”, 26-30 Sep. 2016
CO2rSenseA
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Isolated System to
Interoperable Integrated System

. op
Appli 1 Appli 2 i
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\&QQG M/Qé of:

rermote YRS <%
emote g >\
). =y
(0p) D

r or . = -DP

Workshop on “Technology development for climate resilience and efficient use of resources in the agricultural sector in Thailand”, 26-30 Sep. 2016
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Standard Web API for Geospatial Data

* OGC’s standard Web Service
— WMS ( Web Map Service ), WCS ( Web Coverage Service )
— WEFS ( 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 -> platforms, observed properties...

e DescribeSensor ->SensorML
e GetObservation -> O&M doc

Workshop on “Technology development for climate resilience and efficient use of resources in the agrig
2016 UN-CTCN, AIT, NSTDA, Day 3, IT Agriculture for Climate Change Adaptation and Precision Farming, Kiyoshi HONDA Chubu University,
Japan




Web Service ( Web APl )

* Send a request to a server, usually http
— A request is embedded in URL ( HTTP GET )

e http://dell.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 )

e 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

Workshop on “Technology development for climate resilience and efficient use of resources in the agricultural sector in Thailand”, 26-30 Sep. 2016
UN-CTCN, AIT, NSTDA, Day 3, IT Agriculture for Climate Change Adaptation and Precision Farming, Kiyoshi HONDA Chubu University, Japan

Web Services and Applications

Workshop on “Technology development for climate resilience and efficient use of resources in the agricultural sector in Thailand”, 26-30 Sep. 2016
UN-CTCN, AIT, NSTDA, Day 3, IT Agriculture for Climate Change Adaptation and Precision Farming, Kiyoshi HONDA Chubu University, Japan
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Cloud Based Sensor Back-end Service
Data Collection with Sensor Plug&Play, Metadata Management, Publishing
Rapid Application Development

N s
HT.T ‘- “n

I~ cloud 7 ﬁ
- e Sense i Spinach Promotion from
= s . Thailand to Japan.
\‘ The project is organized by Application on the cloud
Unlver§|ty of Tokyo, l{nlversn){ service
COOP in Japan and Fujitsu Design
Co., Ltd., AIT,
Asia Pacific ICT Alliance
Award 2010
OGC’s Standard Web Service: Sensor Winner '
Observation Service(SOS) enables Tools and
Rapid, Low Cost and Flexible Infrastructure

it Applications
Workshop oARﬂlLGQtﬁmeQ%&lﬂmm and efficient use of resources in the agricuItErB sector in Thailand”, 264

AIT, NSTDA, Day 3, IT Agriculture for Climate Change Adaptation and Precision Farming, Kiy@ﬁ@\gépybu Universf

Interoperable Information Platform Structure
InterAct Project

Service Consumers @@

I J
< 3
I ' :
» | EEl i
@: - Information Service R—2 7:
I e —— - I
@I G:n;g / Data CoIIectio@ i
S e —_—Z A — I

:f Weather, Farm State, Plant State, Practices 7 iBE R

Interdisciplinary Agricultural Information and Communication Technology,

Ministry of Agriculture, Japan
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iBunya

SOS Station Status

SOS Station Group

Alert  Admin

i 22-06-2016 10:12:46 GMT+09:00 j; SYSTEM & admin ® Logout

SOS Station Setup SOS Station Group | AMeDAS-NIAES

Edit SOS Station
SOS Station Detail | Recent

Auto Refresh every | 10 Seconds 3

MeteoCropDB

SOS Name : AMeDAS-NIAES S0 Status
Field Server
Field Server Type SO Group : Default Group LastCheck Time  2016-06-22 10:10:34
- Field Server Group Normal
/ \ IVI e D/ \S N I A E S Field Server Model 505 Type : Single F§ K S {sinco 15 days ago)

| Network Type : Private Network Last Sync Data 2016-06-20 00:00:00

| onvorwarogomers 1P Address : localhost
SorsorTioda Description : AMeDAS-NIAES ( MeteoCropDB RealTime Version)
LN Of Mesetxemant (LOM): Latituge : 35.274017 Uptime/Downtime Ratio Todey Lest7davs Last30cave
Camera Model Longtitude : 137.013765

| Alitude : 10 100.00% B Dowrtime

| oo e
s Batip SOS Quee : Amedas-SOS_REV_CMD 0.00%
Role Setup Ping Interval - 300
HoleFrviess Monitor Status : Monitored

° |
a I I le access j ome: sene Field Server Map

.
method with

local sensor
platforms

Field Server

Model Last Sync Data

NAGOYA-51106 CSV FieldServer

TOYOTA-5111 CSV FieldServer

OKAZAKI-51226 CSV FieldServer

GAMAGOORI-51281 CSV FieldServer

CSVNIAESWeatherStationDriver
CSVNIAESWeatherStationDriver
CSVNIAESWeatherStationDriver

2016-06-20 00:00:00 (2 days ago)
2016-06-20 00:00:00 (2 days ago)
2016-06-20 00:00:00 (2 days ago)

Workshop on “Technology development for climate re MINAMICHITA-51311 CSVFieldServer  CSVNIAESWeatherStationDriver 2116062 050000 2 seyyame)
UN-CTCN, AIT, NSTDA, Day 3, IT Agriculture for Cli TAJIMI-52606 CSV FieldServer  CSVNIAESWeatherStationDriver 2016-06-20 00:00:00 (2 days ago)

CCSVNIAESWeatherStationDriver 2016-06-20 00:00:00 (2 days ago)
|

Qiziws onae csy 00:00:00 (2 4

0:04 GM1+09:00 Yy SYSIEM X admin

© Logout

Various
Management 9

= ‘ j‘
SOS Station

SOS Group

SOS Type Network Type

\ SSG Setting

§SG Management

SSG Setting

Sensor And Field Server Management

e User
management

4
Customer Key Pair License

e Userrole setting -

Sensor Model Unit Of Measurement (UOM) Camera Model Field Server Mode!

* Token generation

J_
e Platform models ™

User Role Role Privilege SOS Privilege

e Sensor models =
e UOM database
e Alert Setting

A

Fault Cause

Alert Log Problem Type

Service Commands

57
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Sensor operation monitoring

cloudSense
Home SOS Station Group  SOS Station Status m Admin 8-2016 10:06:25 GMT+09:00 i SYSTEM & admin ® Logout
Alert Dashboard | 808/FS/Sensor Dashboard
= Recent Alert Log
Occur Date Customer ~ SOS/FS/Sensor Alert Message Severity  Status
08-06-2016 14:00:40 IBUNYA  AMeDAS-NIAES RECOVERED: AMeDAS-NIAES does not response Criical ~ Cleared
05-06-2016 04:19:21 IBUNYA Suntory-Farm RECOVERED: Suntory-Farm does not response Critical Cleared
05-06-2016 04:17:19 IBUNYA AMeDAS-NIAES RECOVERED: AMeDAS-NIAES does not response Critical Cleared
05-06-2016 03:36:47 IBUNYA  NagoyaU-Farm RECOVERED: NagoyaU-Farm does not response Criical ~ Cleared
05-06-2016 03:32:32 SYSTEM - RECOVERED: Error at ActiveMQ Criical ~ Cleared
29-04-2016 20:22:07 IBUNYA Suntory-Farm, Iwanohara-FP1 RECOVERED: Iwanohara-FP1 has error in feeder Major Cleared
29-04-2016 20:22:07 IBUNYA Suntory-Farm, Iwanohara-FS RECOVERED: Iwanohara-FS has error in feeder Major Cleared
26-04-2016 14:11:15 IBUNYA NagoyaU-Farm RECOVERED: NagoyaU-Farm does not response Criical ~ Cleared
26-04-2016 14:08:32 SYSTEM - RECOVERED: Error at ActiveMQ Critical Cleared
22-04-2016 19:37:54 IBUNYA Suntory-Farm RECOVERED: Suntory-Farm does not response Critical Cleared
31-03-2016 11:02:08 IBUNYA  Suntory-Farm, Iwanohara-FP1 RECOVERED: Iwanohara-FP1 has error in feeder Major  Cleared
31032016 11:02:08 IBUNYA  Suntory-Farm, Iwanohara-FS RECOVERED: Iwanohara-FS has error in feeder Major  Cleared
05-03-2016 05:44:46 IBUNYA AMeDAS-NIAES RECOVERED: AMeDAS-NIAES does not response Critical Cleared
21-02-2016 14:15:00 IBUNYA NagoyaU-Farm, Shinshu-NGYU Shinshu-NGYU has error in feeder Major Acknowledged
05-02-2016 12:47:03 IBUNYA  Suntory-Farm RECOVERED: Suntory-Farm does not response Critical ~ Cleared
~ Longest Unclear Alert Log
Customer ~ SOS/FS/Sensor
21-02-2016 14:15:00 IBUNYA NagoyaU-Farm, Shinshu-NGYU Shinshu-NGYU has error in feeder Major  Acknowledged
= Top Most Device Problem
~ Top Most SOS Problem
Total Alerts  Critical ~ Major Iwanohara-FP1 2 0 2 0
Iwanohara-FS 2 [ 2 0
Shinshu-NGYU 2 0 2 0
AMeDAS-NIAES 6 6 0 0 Shinshu-KURI 1 0 1 0
Shinshu-NASI 1 0 1 [

Workshop on “Technology development for climate resilience and efficient use of resources in the agricultural sector in Thailand”, 26-30 Sep. 2016
UN-CTCN, AIT, NSTDA, Day 3, IT Agriculture for Climate Change Adaptation and Precision Farming, Kiyoshi HONDA Chubu University, Japan

Single standard web service connecting
applications to heterogeneous sensor systems

ﬂ?

Applications
GetCapabilities

LTI

List of platforms,
sensors

E-cropping calendar

— e [ P

E

GetObservation || ™, , |

TR A

1 2015-10-14~2016-06-17
HE : a8

o
. ETILBESREMRRT—F~A—2
= MeteoCrop DB

Sensor Data O&M

" Suntory Vineyard
Temperature Analysis

for climate resilience and efficient use of resources in the agricultural sector in Thailand”, 26-30 Sep. 2016
culture for Climate Change Adaptation and Precision Farming, Kiyoshi HONDA Chubu University, Japan
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. Courtesy:
Concepts of Dynamic “e-Crop Calendar”  Ariasois,

Emi Kameoka

Archive of accumulated dh Communicate with other users!

Field monitoring
by sensors

»om7m

RO Predictio
Decision

calendar

y Cultivation
record

Best schedules based |\ T \
on crop phenology

s Be
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reuany

A s e
f resoukces:in the @giienitiural sectorin Fhailand
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Fleld TOUChAn information platform to provide useful information

. on crop cultivation to farmers and other stakeholders
a1 Overview g

Realize your dreams

Higher Yield

Better Quality

Land Management

Cost reduction

Risk Management
Inherit/Sharing Farming Skill

Real Time and
spatial information
for decision making

-

Cloud based
UAV observation Network Data source
e
o Own or
Q. External
- } sensing
- devices




High-Resolution Satellite RS updated
every two weeks. Monitor spatial

Fieldtouch

LM HBCPE - RiHo K

Ul :::j:: " wiei - variability of growth in fields to adjust
« Development led by| . AT,
IHI. Chubu U mare-reveer [
provides sensor | "
cloud, simulation mmakT AP RGED £7) | 11

HREBCPE - BHo—%

and UAV technology| ...

e Support Precision ol e
Farmlng USIng AREH : i
- 231 4

Satellite RS, Sensor | .ii.
Network, Simulation

Tech no|0gies ﬁéal time weather, soil
moisture, photos, Processed

* Currently serving to| asa convenient form such as
300 Farmers in temp accumulation graphs.

Hokkaido/Japan

* Going to be world
wide
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Giving Interoperability to heterogeneous sensing data
via OGC Standard Web Service

1 Simulation System __

S TMW V1.2

GetCapabilities

List of authorized
SOS stations with
itfs sensors

2

a
o~ cloudSense

IdV 090

«.- LISTENFIELD

GetObservation

Sensor Data with
Timestamp

......

= - - |
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Precision Farming
higher and homogenous vyield

Tractor and Broadcaster
Communicates over ISOBUS

GPS Fertilizer
Fertilizer Planning Broadcaster

Workshop on “Technology development for climate resilience and efficient use of resources in the agricultural sector in Thailand”, 26-30 Sep. 2016
UN-CTCN, AIT, NSTDA, Day 3, IT Agriculture for Climate Change Adaptation and Precision Farming, Kiyoshi HONDA Chubu University, Japan

e-kakashi

 Durable Field Sensor Network \

Loy |

\

* Analysis Application Layer

* Dynamically suggest options
based on sensed environment |

Collection Analysis Utilization

Data acquisition
920MHz

Courtesy:
PS-Solutions

Application
(Database server) (PC, rablet, or smartphone )

Workshop on “Technology development for climate resilience and efficient use of resources in the agricultural sector in Thailand”, 26-30 Sep. 2016

UN-CTCN, AIT, NSTDA, Day 3, IT Agriculture for Climate Change Adaptation and Precision Farming, Kiyoshi HONDA Chubu University, Japan 65




Next of the Sensing

* Environmental data will be commodity of the society soon.
* Guidance system utilizing on simulation, Al will be the arena of the

competition

Applications

Web applications

wiie [ ] ] ok Racipe [
i e D D D GRS 4 S m
Dashboard e ek Recipe

and the web.

Sensor Data

The sensor data s U, which i familiar

10 existing of e-kakashi. In
addition, the software is reliably Recipe. It supparts guidance i the
updated. Its fluid operation will cultivarion field, addressing p

is available to create

required)

e i
ek Field View
ek Field View is the new function
that integrates senscr data with ek

amaze users such as what management
r

1B e sy 1cuncussa, st €1 .o
@ He= e
ey B = B =

appropriate, or
how many days are expected until
harvest time.

Courtesy:
PS-Solutions

Workshop on “Technology development for climate resilience and efficient use of resources in the agricultural sector in Thailand”, 26-30 Sep. 2016
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Tomorrow’s Crop

-

TMC Tomorrow's

Crop

An on-line tool based on DSSAT crop simulation

systems

Tomorrow's Crop (TMC) is an on-line tool based on DSSAT crop simulation systems. Users can see how planting date influences yield as
probability distributions that are based on 100 of possible weather scenarios generated from historical weather data. Currently, it has two

components, which are Tomorrow's Rice (TMR) and Tomorrow's Wheat (TMW).

« TMR collects the historical weather data from IRI, Columbia University ( daily minimum temperature, maximum temperatures and
rainfall) and NASA ( daily solar radiation ). TMR also estimate the impact of climate change by applying World Bank's climate
change data set.

« TMW collects the historical weather data from CloudSense via OGC's SOS( Sensor Observation Service ). The original data source
is NIAES's agro-weather data derived by model calculation from AMeDAS data. Currently only Memuro and Obihiro data is
provided. The cultivar parameters of Kitahonami variety was calibrated against yield and field observation by a research project
between Chubu University and IHI Corporation.

Workshop on “Te,,. . . 2016
UN-CTCN, AHVIM[ (TMRI1TMW). 67




@ TMR V1.2

Workshop on “Technology development for climate resilience and efficient use of resources in the agricultural sector in Thailand”, 26-30 Sep. 2016
UN-CTCN, AIT, NSTDA, Day 3, IT Agriculture for Climate Change Adaptation and Precision Farming, Kiyoshi HONDA Chubu University, Japan 68
About TMR V1.2 Proiect | Help | Contact us

Where is your farm ?
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Check the historical weather data

& TMRV1.2

Map  Satellite
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Raw Weather Data
1D - 477500 Name  MAIZURU Call letter - NJA Country - NJA - Data: 1994-01-01 1o 1999-12-31

Minimum temperature( 17% no data) Maximum temperature ( 1% no data)

100 100
s s
S0 L
k] E]
o o
o 365 ™ 1095 1060 125 290 2555 o 365 ™ 1095 1460 1825 2190 2555
[
= Precipitaion ( 50% no data) Solar radiation ( 0% no data) \
100
g !
=
25 il
o
o k) ™ 1098 1680 1525 2190 2855 o k) ™ 1095 1460 1825 21% 2885 h
i Cancel Start 4
2
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Date ? Cultivar ? Soil Type ?

@ TMRV1.2

Mminimum temperatures Maximum temperatures Solar radiations

Precipitations

£ Planting date ? = Cultivar ? & Soiltype ? ©% Climate change ?

10 APR || 2014 (990003) JAPANESE (1800000004 DEFAULT -1 | Apply : O !
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3 Apr is the best, then gradually
reduces. In May 20% lower yield
@ TMRV1.2

Simulation Results L

= £

Estimated yields (Kag/Ha)

2014-05-01 2014-05-08 2014-05-15 2014-05-22 2014-05-29

Planting dates

v j‘@inlvt

£ Planting date ? = Cultivar ? & Soiltype ? Climate change ?

MAY || 2014 990003) JAPANESE (IB00000004) DEFAULT -1 | Apply :
Workshop on “Technology deve\opment for cllmate resilience and eff|C|ent use of resources in the agricultural seEGIIR TSN o A CEROSEN 016
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Simulation Service for Decision Making
& TMW V1.2 : : .
How sowing date impacts expected yield

Simulation Results e
o 1C-Cr£-':‘ T } —
[=)) 8000 | x 4
e 7500 [ v v Y y 4
e 7000 | . J
w 6500 [ s i
S s : .
S B ; i ]
> s | , = ]
g R :
2 L : ' ]
= % | , .
L ng ; : i | : . | i
2014-08-18 2014-08-25 2014-09-01 2014-09-08 2014-09-15
Planting dates

Weather scenarlos updated by sensor network daily

Ed Planting da._ - e .

> RUN

wisE DaTaE | Apply T

\ \
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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

Fiaos

curl

curl =X GET —header ‘Accept: text/htal' ‘http://dell.digital hubu.ac. p/soil/searchSoil. php?lat=35.279610n=137. 02
Request URL

http://de1l.digitalasia. chubu.ac. p/soil/searchsoil. php?lat=35. L0216 for

Response Body

AHC_GENQO11 IFPRI L 120 HarvestChoice HC27, Loan HF128
@SITE COUNTRY LAT  LONG SCS Family
99 Generic 00.000 -00.000 Loan Medn (KF)

@SCOM SALB SLUL SLDR SLRO SINF SLPF SMHB SMPX SMKE
BK 0,10 6.00 0.50 75.20 1.00 1.80 SAGO1 SA991 SAGO1

@ SLB SLMH SLLL SDUL SSAT SRGF SSKS SBDM SLOC SLCL SLSI SLCF SINI SLHW SLHB SCEC SADC
10 A 0.170 0.301 0.422 1,00 4.00 1.40 1.42 30.00 45.00 ~99.0 0.12 6.50 —99.0 -99.0 —99.0
30 AB 0.180 0.310 0.41¢ ©.70 1.80 1.40 0.87 30.00 45.00 -99.0 0.07 6.50 —99.0 -99.0 —99.9
60 BA 0.190 0.310 0.42¢ 0.50 1.60 1.40 .59 30.00 45.00 -99.0 0.5 6.50 —99.0 -99.0 —99.8
90 B 0.2150.315 0.432 0.40 1.50 1.40 0.63 30.00 45.08 -99.0 0.05 6.50 -99.0 -99.0 -99.8
120 BC1 0.250 0.317 0.442 ©.30 1.48 1.40 .60 30.00 45.08 -99.0 0.05 6.50 ~99.0 -99.0 -99.9

@ SLE SLPX SLPT SLPO CACO3 SLAL SLFE SUN SLOS SLPA SLPB SLKE SLMG SINA SLSU SLEC SLCA
18 -99.0 ~99.9 ~99.0 -99.2 -99.0 ~99.9 -99.0 -99.2 -99.0 -99.9 -99.0 -99.9 -99.0 ~99.9 -99.0 -99.9
30 -99.0 -99. -99.0 -99.2 -99,0 -99.8 -99.0 -99.2 -99,0 -99.8 -99.0 -99.9 ~99.0 ~99.8 -99.0 ~99.9

-99.0 -99.9 99 2 -99.0 -99.0 99.9 -99.0 -99.0 99,0 -99.0 -99.0 -99.9 -99.0 -99.2

-99.0 ~99.8 ~99.0 ~99.2 99,0 ~99.0 -99.0 ~99.0 -99.0 -99.0 -99.0 ~99.9 -99.0 9.0 -99.0 -99.0

120 -99.0 -99. -99.0 ~99.2 -99,0 -99.8 -99.0 ~99.2 -99,0 ~99.8 ~99,0 ~99.0 -99.0 ~99.0 99,0 —99.9

Response Code

200

Response Headers

24 Sep 2016 14:10:07 GIT"
che/2.4,6 [(Cent0S) PHP/S5.4.16",

Workshop on “Technology development for climate resilience and efficit
UN-CTCN, AIT, NSTDA, Day 3, IT Agriculture for Climate Change Adag

e : 100"
imeoit=5, max=
+ "text/html; charset=UTF-g" 74

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

1km Mesh Manual (Japanese)

NARO OpenDAP

5 o 1% g
e Convert Specific Access method
e A e to SOS Standard API
NARO Agent API
Returns NARO meta data of SOS and observed data by converting NARO NetCDF to non-binary format in REST AP interface. Only IP
registered clients can access this API.

SOs Show/Hide ~ List Operations =~ Expand Operations
m /apilsos/describesensor/{proc} Meta data Of SOS Station (for DescribeSensor)
m Japilsos/getcapabilities Meta data Of SOS Station (for GetCapabilites)
m /apifsos/getobservation/{offering} Measured Data Of Specified Location, Period and Data Types (for GetObservation API) SOS Data SOU rce
Utilities
Workshop on “Technolog Thailand”, 26-30 Sep. 2016

UN-CTCN, AIT, NSTDA, hubu University, Japan




- _ ) . App by calling
All-in-One Appli Multi-Layered Web Service |web Services

Crop Model Combine
i Corp Simulation Opben AP Analysis
Web
Weather Gen. Sor
Open API ervices
isualizati - Easy
— Weather Generator develop
ment

Open API

Interpolation, Cross-ministerial

Visualization Strategic Innovation
Standard API Promotion Program (SIP)
Virtualized Sensor SOS Misef:Agriculture, Japan

Systen Information Infrastructure

sector in Thailand”, 26-30
Kiyoshi HONDAZEhubu

New Satellite Systems

e Constellation
* High-resolution, High-Frequency, Better
resolution

Workshop on “Technology development for climate resilience and efficient use of resources in the agricultural sector in Thailand”, 26-30 Sep. 2016
UN-CTCN, AIT, NSTDA, Day 3, IT Agriculture for Climate Change Adaptation and Precision Farming, Kiyoshi HONDA Chubu University, Japan 78




REEEN)ELVDEEFRBEZLEZS
High Resolution High Frequency Satellite Data

+ Conventional Satellite RS » Constellation by 5 identical satellites
* High Reso — Low Frequency ) High Resolution — High Frequency
* High Frequency — Low Reso » Highly applicable for Agriculture

RAPIDEYE SATELLITE CONSTELLATION

1

‘ RapidEye

Delivering the World

1 The Collection Benchmark

o
R | P : " ) e R
RapidEye’s constellation of five identical satellites orbit Py www.rapideye.con

the

Anu nprecigen ted amount of ’1|*"I resolution, multi spectral ~
magery can be collected from the satellites: over one billion (

Spectral Bands Blue 440-510nm
Green 520-580 nm 400 nry 500 nm 600 Ny 0 nn BOO N
Red 630-685nm

Red Edgorkshop o@9PechAdiBeh B_velopment for cli
Nod( reffiiend use of GEQourBSnrthg agricultural sector in Thailand”, 26- 30
: A TTTTSERT 2016 UN-CTCN; AIT, NSTDA; 'Day'3; 1T Agticulttre for Climate
Ground sampling distance (nadir) 65 m _Change Adaptation and Precision Farming, Kiyoshi HONDA Chubu
DRSS R A e L gy e

5m

Pixel size (orthorec

Planet labs
120 Dove Satellites in 2016

 Everyday 3.5m resolution by 120 Dove constellation
MEET THE DOVE

Planet’s Dove satellites act like a line scanner for the planet, creating a unique data stream that helps solve our world’s toughest challenges and triggers
industry-changing opportunities.

Our Doves, which make up the world’s largest constellation of Earth-imaging satellites, are launched in Flocks and provides a whole-Earth dataset that
is unmatched in its breadth and freshness.

g
-

Optics and Sensors

\ The main camera captures images of
the Earth at 3 to 5 meter resolution. £
Each Dove continuously photographs ESEEE
the Earth’s surface as it moves in d
orbit, completing an orbit roughly
every 90 minutes (about 16 complete
orbits in each 24-hour period). The
Doves carry a star camera, which
allows us to position the image on
Earth.

Ao oo gloc ool o burces in the agricultural sectormThalla o \3’3
UN-CTCN, AIT, NSTDA, Day 3, IT Agmcu\ture for Climate Change Adaptat\on and Precision Farming, Kiyoshi HONDA Chubu jiniVersess . a




AXELSPACE
Microsat Constellation

HOME JAPANESE CONTACT

= AXELSPACE

< < Space within Your Reach
We construct real-time Earth
monitoring platform by micro-
satellite constellation.

7
~/

A )

/)
b

Nk TIEE 1
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UAV for Agriculture

* UAV is rapidly becoming popular

* Now new sensors are becoming available
— Multi-Channel Camera
— Thermo Camera
— Lidar

Workshop on “Technology development for climate resilience and efficient use of resources in the agricultural sector in Thailand”, 26-30 Sep. 2016
UN-CTCN, AIT, NSTDA, Day 3, IT Agriculture for Climate Change Adaptation and Precision Farming, Kiyoshi HONDA Chubu University, Japan




UAV for Agriculture
=X FAEEZUAVH

0> Lo
(qu,E senseFly

eBee Ag
The precision agriculture drone

The eBee Ag is the only precision farming UAV you need. With its full
drone-to-tractor workflow you can scout your crops, analyse plant

health, create prescriptions and begin treatment all on the same
day.

OCC)

Workshop on “Technology development for climate resilience and efficient use of resources in the agricultural sector in Thailand”, 26-30 Sep. 2016
UN-CTCN, AIT, NSTDA, Day 3, IT Agriculture for Climate Change Adaptation and Precision Farming, Kiyoshi HONDA Chubu University, Japan 8

Various Imaging Sensors for UAV

RGB
NIR

— Basic Band for Vegetation
* RE

— High sensitivity for the status of plants htfgf)modynéndar.com/

* 4 Channel (G, R, RE, NIR + Irradiance )
— Reflectance
e Thermal

— ETa
— Water Stress

rksHopgopl’ ology development for climate
\“O U&CI(EE)KSTDA, Day 3, IT Agriculture for ( WWWSGI’]SGﬂy com




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
— Multi-band, Thermal
— Limited payload

* Data Processing

T Stitching and Georeferencing i S e .

swinglet CAM
The easy-to-use flying camera

Autonomous UAV Flight




Nagoya University Experimental Farm
DATE: 2015-05-08, RGB




DATE: 2015-09-02, Thermal Image

Workshop on “Technology development for climate resilience and efficient use of resources in the agricultural sector in Thailand”, 26-30 Sep.
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Temperature
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Producing 3D from UAV Images

UAV Data Server

H d I b 4 fil: hondalab
ondalab gserver ] (e (e
Map management Map retrieval | [~ When the 2005 search
B Map List ) ) ) 1-13/13
o MapID A ¥ Title A ¥ Edit Date A ¥  Creationdate A ¥ preview User A ¥ Delete
lector
®Raster o= 18 y20140523_kayamouse_habitat_rgb y20140523_kayamouse_habitat_rgb L Edit February9,2016 February 9, 2016 admin Delete
fwces ‘ 15 y20150309_nagoyauexpfarm_mdc y20150309_nagoyauexpfarm_mdc . Edit February 9, 2016 February 9, 2016 admin Delete
FIKML ‘ 1 y20150309_nagoyauexpfarm_rgb_10cm y20150309_nagoyauexpfarm_rgb_10cm . Edit February 9,2016 February 9, 2016 admin Delete
“/When the series -
k£s0s ‘ 1 y20150309_nagoyauexpfarm_rgb_Scm y20150309_nagoyauexpfarm_rgb_Scm . Edit February 9, 2016 February 9, 2016 admin Delete
WiSelection map £ y20150309_nagoyauexpfarm_rgb_km|  y20150309_nagoyauexpfarm_rgb_kml . 'Edit February 8, 2016 February 9, 2016 admin Delete
©Map New o 1 y20150508_nagoyauexpfarm_mdc y20150508_nagoyauexpfarm_mac L Edit February 9, 2016 February 9, 2016 admin Delete
. 1 y20150508_nagoyauexpfarm_rgb ¥20150508_nagoyauexpfarm_rgb _’Edit February 9, 2016 February 9, 2016 admin Delete
~ Category List ‘ ¥ kg o
2014-05-23 = 4 14 y20150809_nagoyauexpfarm_mac y20150809_nagoyauexpfarm_m4c . Edit February 9, 2016 February 9, 2016 admin Delete
2015-03-09 7 y20150809_nagoyauexpfarm_mdc_kml y20150809_nagoyauexpfarm_méc_kml . Edit February 9, 2016 February 9, 2016 admin Delete
e o 1 y20150809_nagoyauexpfarm_rgb y20150809_nagoyauexpfarm_rgb . Edit February 9, 2016 February 9, 2016 admin Delete
2015-08-09
2015-09-02 ‘ 1 y20150902_nagoyauexpfarm_mdc y20150902_nagoyauexpfarm_mdc . Edit February9, 2016 February 9, 2016 admin Delete
@Category New ‘ 1 y20150902_nagoyauexpfarm_rgb y20150902_nagoyauexpfarm_rgb + Edit February 9,2016 February 9, 2016 admin Delete
+ Category Management + (8 y20150902_nagoyauexpfarm_th y20150902_nagoyauexpfarm_th 'Edit February9, 2016 February9,2016 [Llghow admin Delete

Workshop on “Technology development for climate resilience and efficient use of resources in the agricultural sector in Thailand”, 26-30 Sep. 2016
UN-CTCN, AIT, NSTDA, Day 3, IT Agriculture for Climate Change Adaptation and Precision Farming, Kiyoshi HONDA Chubu University, Japan
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Capabilities URL

H d I b 4 Bl: hondalab
on a a gserver Settings | | Help | | Logout
Map management -
D . g 1| Map setting screen <<sacktomapiist
Map List
LiVector Map title y20150902_nagoyauexpfarm_mdc
wFgstor WMS Capabilities p://de17.digitalasia.chubu.ac.jp/g ilities?id=y20150902_ y m_mdc
UWCS
. ‘KML WCS Capabilities http:/de17.digif ia.chubu.ac.jp/g: ilities ?id=y20150902_nagoyauexpfarm_mdc
When the series Basic information setting | upload | Layer editing  Metadata | When you see a form of output
k£sos
WSelection map Map detailed information editing
#Map New D y20150902_nagoyauexpfarm_m4c
Category List Title - Required y20150902_nagoyauexpfarm_mdc
2014-05-23
2015-03-09 Description
2015-05-08 4
2015-08-09
2015-09-02 keyword
¥ Catogory Nevw * Between the word and the word *,” Please, separated by (comma). (Example) disaster prevention, building, evacuation
+ Category Management
s MinX: 137.079062 Minya: 35.107043
IRISVIOW, range MaxX: 137.088277 Maxy: 35.11469
[Fpreview List F
an Tong made

Workshop on “Technology development for climate resilience and efficient use of resources in the agricultural sector in Thailand”, 26-30 Sep. 2016
UN-CTCN, AIT, NSTDA, Day 3, IT Agriculture for Climate Change Adaptation and Precision Farming, Kiyoshi HONDA Chubu University, Japan 9

Observed Properties and UOM

* SOS publishes observed properties
— air temperature, relative_humidity

* Key to request data
e SOS does not define how to name, UOM

— Air_temperature, tmp, maximum air temperature,
MAX ATEMP, rainfall, 10min_rainfall...

— DegC, C, Cel, EE
— NASA Sweet — not for agriculture

* Should be machine readable and should not
be too ambiguous for higher level of semantic

Workshop osemg lopment for climate resilience and efficient use of resources in the agricultural sector in Thailand”, 26-30 Sep. 2016
UN-CTGh Y IN ) ﬁ IT Agriculture for Climate Change Adaptation and Precision Farming, Kiyoshi HONDA Chubu University, Japan 103




Naming Rule on Observed Property and UOM

* Combines important properties of observed data using underscore ( _)

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

* 10minutes_maximum_wind_speed_2mbheight [m/s]

SRR BUE x SEHIBFRA B X 3SR | x EHAIIE B GHAIXI R _MERR)
timewindow value timewindow uom aggregation observableProperty
JPN ENG JPN ENG JPN ENG JPN ENG
s numeric b3 second BREFE* SR air_temperature
5 minute BE accumulated TIEBE soil_temperature
B RE hour =E cumulative HhRERE land_surface_temperature
=] day a&t amount_of EERE sea_surface_temperature
3B week 5t RERS |duration_of KR water_temperature
A month a&t sum £XH5 solar_irradiance
&F year Eiy average BEKE precipitation
14EfElD  |annual* I mean mE rainfall
5®X maximum Lk 2 to be filled by many others
== maximum
=/ minimum
Workshopjom—“Fechmotggy d¢vetoprmertt .r ClimateTe i.ienc %L{Efﬁuen u;]f)itr{rfurj%uume' :h thd dgl.'wu?u,.lldi 5guu| fTartamd®; .O*JU.Dep.
2016 UNECTCN, AIT_NSTDA| Day 3 1T Agliculture for ClimateThathge AdaflaUaR 204 Precidion Fhrming, Kivashi HONDA Chubu University

0%
Japan

Published as a guideline
- naming rules, UOM, metadata format -

http://www.kantei.go.jp/jp/singi/it2/senmon_bunka/nougyou.html
* Ministry of Internal Affairs and Communication, Japan

+<H28-GL2> Guidelines on environment information data items in agricultural IT
System ( recommended for implementation ) (31 Mar 2016) (PDF) (Word)

Table 1 UOM as Reference (Excel ./ CSV)

Table 2 Base names and UOM (Excel.” CSV)

Table 3 Examples of names with aggregation information (Excel ./~ 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)

+<H28-GL2> Guidelines on environment information data items in agricultural IT System ( recommended for implementation )
BEITORTLATRAVSRERROT—2EBIZETHERA RS54 (RIEERR)
(Fr2843A31AMYFELSD) (PDFREH)

HHARSAVDAXPT—42EFIASNDHFIETELARX  (Wordfg =)
BIR1 HELLDEMER (Excellyx .~ CSVIER)
Blk2 HARFERA-BEMR (Excellb® ~ CSVIER)
RIR3 &It BMEREAMCT-ERAH (ExcelZzt ~ CSVIERH)
Rlka —EAFAEHOA2ERRBHEF I+ —I b (Excelfig =)
BIRS oY —DEHR VRIS O ASEREER T+ —< v (Excelfigzt)
Workshggén i RERB I R srmeny For Exealitabesilience and efficient use of resources in the agricultural sector in Thailand”, 26-30 Sep. 2016 UN- 105
CTCN, AIT, NSTDA, Day 3, IT Agriculture for Climate Change Adaptation and Precision Farming, Kiyoshi HONDA Chubu University, Japan




Published as a guideline
- Interface for data exchange ( APl ) -

http://www.kantei.go.jp/jp/singi/it2/senmon_bunka/nougyou.html
e Ministry of Internal Affairs and Communication, Japan

<H28-GL4 > Guideline for exchanging agricultural information ( For trial )
(31 Mar 2016) (PDF)  (Word)
Appendix 1 GetCapabilities.xml (XML)
Appendix 2 GetCapabilities Response xml (XML)
Appendix 3 DescribeSensor.xml (XML)
Appendix 4 DescribeSensor Response SensorML1.0.1.xml (XML)
Appendix 5 GetObservation.xml(XML)
Appendix 6 GetObservation_ResponseWithSWE.xml (XML)
<H28-GL4> B EFBHRDT—HABD AL 47— RIZET BEFIH 1RS> GRITHR)
(TR2843A31 BERYFELS) (PDFRR)
SHARSLL DRI T—SECHAENSAIETEEAR  (Wordfgzt)
BlfK1 GetCapabilities.xml (XMLAzzt)
B#E2 GetCapabiliies_Response xml (XMLEZZ)

BI#£3 DescribeSensor.xml (XMLZ=)
AI#k4 DescribeSensor_Response_SensorML1.0.1.xml  (XMLHZz)

BI#E5 GetObservation.xml (XMLHZz) ~
Workshop on %ﬁn%%%%%ﬂ%%@%%m fXMLIETELf resources in the agricultural sector in Thailand”, 26-30 Sep. 2016 UN- 10g

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

M2M in Agricultural Machine
ISOBUS for data communication standard
for interoperability

Position(GPS)
Speed

Power

Fuel consumption
Steering
Vibration

Yield
Fertilizer
Chemical

Controlling
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Movement in the World

Workshop on “Technology development for climate resilience and efficient use of resources in the agricultural sector in Thailand”, 26-30 Sep. 2016
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FI-Space
* FI-PPP ( Future Internet Public-Private Partnership, since
2011, 5yrs, 300MEuro )
* FI-Space - B2B Business Platform for Agri-Business

e Acceleration Program for an ECO System

Forwarder

Carriers

Consultants 2 Future Internet
Productio : e ' will facilitate:

Pty m ... seamless B2B
Collaboration (information
exchange, communication,
coordination of activities)

m ... rapid & easy development

; ; of customized solutions at

? Ir’l’(sun.',ances Customs Authorities minimal costs

& 3 Pty m ... quick formation &
& S '-’A | ! l | evolution of open business

http: Iwww.fi- -ppp.eu/ networks
vvorkmmm”ﬂ%ﬁﬁ&@e@k{/&(&h@ﬂﬁ\ﬂﬁR@G@e tlwmaent use of resources in the agricultural sector i

UN-CTCN, AIT, NSTDA, Day 3, IT Agriculture for Climate Change Adaptation and Precision Farming, Kiyoshi HONDA

Features

New Services & Apps

Collaboration & Communication

End-2-End Visibilit
Machine-2-Machine Communication

High-Quality Customer Applications

Banks

o B0 Sep. 2016 |F[£jJ ET
ep.
MR

y, Japan P




tFIspace

Business Collaboration

Our Product Solutions Project & Concept Documentation Training & Events About Us

NONEY | N

Sjaak Wolfert

SUPPLY Workshop AgroConnect Smart Farming/FIspace
10 March 2014, Wageningen

Workshop on “Technology development faecli
efficient use of resources in the agricultura SetBr

Wageningen UR

* University and Research Center

* Mass of research unit




FI-Space Git

= U Bitbucket Dashboard - Teams - Repositories -  Create Find a repository...

http://fispace.eu/

t I o)  Teamsince July 2013

rm Flspace (fispace) Email administrators Following |

Overview Followers (28 Members (64
Language -~ Q Recent activity
fispace/gui-api
@ plugin Jpd: days ago Repository created
Francisco Pérez Duran - 2015-02-20
archetypes Updated 2 days ago fispace/store-api
Repository created
o store Updated 2 days agc Francisco Pérez Durdn - 2015-02-20
- G} Flspace
b2b Updated 2 days agc User followed

Flspace - 2015-01-29

& s Upad fispace/ear
Repository created
@2 gui Updated 2 days agc Francisco Pérez Duran - 2015-01-14
o £} Flspace
bus-wrapper Jpdated 3 day User followed
“ . . Fispace - 2015-01-10
& Workshop on “Technology development for climate resilience and

stare-ani _— . . Indated 3 da 10
' efficient use of resources in the agricultural sector in Thailand”,Z6-

30 Sep. 2016 UN-CTCN, AIT, NSTDA, Day 3, IT Agriculture for Climate
Change Adaptation and Precision Farming, Kiyoshi HONDA Chubu
University, Japan 113

High Level SME - Lime Tri
200ha farm land + software engineering

AgroSense the one stop shop for Precision Agriculture related software, p

Plots Award winning
Benefit from a realtime connection AgroSense won the prestegious|

to your plots Duke's choice award.

= U Bitbucket Dashboard ~ Teams~ Repositories -

ent::Jr climag)rysﬁ!nygemw

Itural sector in Thailand”, 26-
bay 37T Agriculture for Climate
Fming, Kiyoshi HONDA Chubu

apan Last updated  2015-02-07 114 1




Kverneland 47 Kverneland

* Positive in standardization
e Support ISOBUS and Standard data model
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 NFP Company for Field Sensor Network
 OGC standard + Opensource

52°North SOS

Open Source Sensor Observation Service

:




52 North git

| G | C Explore Gist Blog Help u"""“am EAdEN U RE * I e
Oshima
http://listenfield.com/customer/imt/

52°North Initiative for Geospatial

N Open Source Software GmbH People 255
Miinster http://www.52north.org info@52north.org % E
Filters v g e
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Integrated Land and Water Information System (ILWIS) is a remote sensing and GIS
software. The connectors integrate libraries and bindings for external software in the
newest version of ILWIS.

Updated 7 hours ago

liwisCore HTML %4 b4

Integrated Land and Water Information System (ILWIS) is a remote sensing and GIS
software. ILWIS Core is the functional center of the new version.
Updated 7 hours ago
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International Soil Data Interoperability

OGC

Making location count

OGC seeks participants for international Soil Data Interoperability
Experiment

Contact: info@opengeospatial.org

7 May 2015 — The Open Geospatial Consortium (OGC) has announced a Call for
Participation (CFP) in the OGC Soil Interoperability Experiment (Soil IE).

* CSIRO (Commonwealth Scientific and Industrial Research Organisation), Australia
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Current Projects

Crop Nutrient Connectivity
Project Il

Crop Protection Canada
Connectivity Project

Seed Connectivity Project
]

SPADE

Precision Ag Irrigation
Lanquage (PAIL)

Projects

SPADE
SPADE Project

Note: There is more information available on SPADE on
AgGateway's wiki page, here.

SPADE: Making Data Sharing & Interoperability a Reality for Precision
Agriculture

Formed in 2012 through a commonly recognized need, the Standardized
Precision Ag Data Exchange (SPADE) Project is a collaboration among
agricultural suppliers of hardware, software, inputs, services, implements
and vehicles for improved data exchange and interoperability. It targets
farm operations of seeding, tillage, fertilizing, spraying and harvest to
maximize the value of precision agriculture through seamless and
transparent data exchange.
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SPADE's vision for data flow in precision agriculture. Reference data helps
ensure things have the same meaning for all participants.

SPADE seeks to:

= Establish a framework of standards to simplify mixed-fleet field

Collaboration for eConnectivity

n Login

Saturday, September 24, 2016

Project Links

Project update flyer - July 2016

SPADE'’s vision for data flow - Fact
Sheet

Presentation: How Work of
Standards Orgs and AgGateway Fit
Together

Read the SPADE3 press release

SPADE public wiki page

[ SPADE Member: )

Project Coordinator

Jim Wilson, AgGateway, Inc.
Member Companies

Ag Connections

AGCO Corporation
Aglntegrated, Inc.

Ag Leader Technology

operations, regulatory compliance, crop insurance reporting, Agrian, Inc.
traceability, sustainability assessment and field or crop-scale revenue
management. CDMS
Works = Allow seamle;s d-ata exchange between hardware systems and Cares SallitioNE

U software applications that collect field data across farming 0

operations. CNH Americas
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Commercial Agrl-PIatform and
Weather S '
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aWhere@

Products Solutions Services & Support Learning About

Dev aWhere Global Development
Platform

Data management and analytics capture project metadata to

monitor impact and progress toward objectives

Hosted platform creates a repository of information fostering

collaboration amongst stakeholders and a permanent

Institutional memory

Open integration provides secure integration with other

systems, data resources and disparate data formats

Software as a Service (SaaS) model controls operational
costs and ensures long-term sustainability
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The kind of weather information
aWhere has built-in is, | think, second
to none. It's impressive. I've not seen

any other system with that kind of
flexibility in data sharing.
- Abhishek Rathore, Senior Scientist, ICRISAT

121




DSS for
higher level of precision farming

* Work Optimization based on Spatial
Monitoring and Scenario Evaluation
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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

Workshop on “Technology development for climate resilience and efficient use of resources in the agricultural sector in Thailand”, 26-30 Sep. 2016
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