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Dr. Hiroshi Uehara research interests are knowledge acquisition from big data based on
machine learning technique. Especially acquiring knowledge from agricultural big data is of his
main interests. As a researcher of knowledge acquisition, he is a program committee of Pacific
Rim Knowledge Acquisition Workshop (PKAW 2019). Recent research activities concerning
agricultural data analysis are prediction of rice crop growth based on machine learning,
unsupervised clustering of agricultural news texts, and analysis of seasonal changes of farmers’
comments on SNS etc. His research also includes algorithm of natural language processing,

such as hidden Markov models and latent Dirichlet allocation.
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B 1999-2017: Vice president of NTT DOCOMO,INC.

B 2017-2019: Specially Appointed Professor of Keio University

PROFESSIONAL EXPERIENCE
B 2019: A project manager of data platform for exporting agricultural products in Smart
Food Chain Consortium, under Strategic Innovation Promotion Program of the Cabinet
Office.
B 2019: Guest Editor for the ITU Journal: ICT Discoveries special issue on Al and
Agriculture
B 2019: Pacific Rim Knowledge Acquisition Workshop program committee




Information Service Platforms in
Agriculture

- Services and the architecture
toward Smart Food Chain -

Aug.22th 2019

Strategic Innovation Promotion Program

Hiroshi Uehara
(Professor, Akita Prefectural University)

Big Data Becomes Common Word

® Demonstrates remarkable successful
® Applications concern knowledge acquisitions

Big data of Play records

-

Acquiring Knowledge to

overcome superior game

players Acquiring Knowledge to
automatic diagnoses
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Expectations for Agricultural Big Data in
Japan (background)

Rapid declining farmers’ population

-

1. Rapid expansion of deserted cultivated lands
2. Loss of experience and implicit knowledge

Area of deserted cultivated lands amounts well

0
over 1 /0 of land area of Japan

Big data ! Knowledge for overcoming the situation

We need Integrated Agricultural Data
Platform!

Prime minister’s statement on the Future Investment Strategy
2017 for realizing society 5.0.

Decision at Cabinet meeting
(summery)

“We should establish agricultural data
platform ‘Agricultural Data ‘
Collaboration Platform’ within
this year(2017)."
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However, important issues exist in agricultural big data

Issues of Agricultural Big data(1)

1. Widely scattered across organizations and locations
2. Data formats are not well organized

locations
— A
L/[,‘/l Market : .
d Soil data
Ty
— T o
R “4 data
C@: Climate
data
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Issues of Agricultural Big data(2)

Farmers do not have much experience how they use

l«» 1hill

Pre-matured industry for data application

agricultural data

Agricultural Big Data Development Project
has been started since 2017

“Agricultural Data Collaboration Platform”

: - Logo implies
Bstgp s WA + AGR| WA =Harmony in Japanese
AGRI = Agriculture
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Membership of WAGRI development projec;

Chairman : Atsushi Shinjo
(Professor, Keio University)

- Founder of this project

Vice President : Hiroshi Uehara
(Professor, Keio University)

Private companies etc. : aprox. 20 companies
- Major Agriculture Machinery companies,
- Telecommunication companies,
- IT vendors etc.

Agricultural Data Collaboration Platform
Consortium

Established as of 22" Aug. 2017

Open consortium for collecting opinions

Over 300 Organizations have been joined

The largest big data consortium in Japan
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Data Structure of
WAGRI

WAGRI

How big is agricultural data ?

example : Soil Classification
Just a few square ki of an area
— 800 pairs of lat, Ing!

[{'PrefectureCode". '5', 'SoilName': ‘Gray Lowland Soil', 'SoilLargeCode": 'F2',
'SoilMiddleCode': 'F2', 'SoilSmallCode": 'F2', 'Polygons': [{'Coordinates":
[{'Latitude": 39.94785327326453, 'Longitude": 139.94917032719306},
{'Latitude": 39.949492549091346, 'Longitude': 139.94972935120717},
{'Latitude": 39.95501187166544, 'Longitude": 139.95837164416596},
{'Latitude': 39.969037792875056, 'Longitude’: 139.9794768313014},
{'Latitude': 39.98408389827826, 'Longitude’: 140.00188628703512},
{'Latitude": 39.98971239136062, 'Longitude': 140.0109013059738
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Unprecedented Big Data

® Small polygons can express any kinds of agricultural data

F
E Tt

Farm Lands |

/

; Micro Climates I‘

T—

Oga

' Soil Tyes

25 kinds of data are now implemented

mPrediction models

Food and Agricultural Materials

Master of Fertilizer :
Inspection Center

Food and Agricultural Materials
Inspection Center
Aerial Photographic Map NTT GEOSPACE CORPORATION

Ministry of Agriculture * Forestry and
Fisheries

Master of Agrochemicals

Farm Land Polygons

Agricultural Water Channels Ministry of Agriculture * Forestry and

Fisheries
Micro Climate ( 1 km mesh grid ) HALEX CORPORATION
Micro Climate ( 1 km mesh grid ) Life Business Weather Inc.
Prediction of Growth Stage of Crops Vision Tech inc.

National Agriculture and Food Research

Soil Classification .
Organization
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How Users Retrieve Data ?

® All the data can be retrieved through API
® APIs are provided as unified formats

API/Public/soil/Get?lat={lat}&Ing={Ing}
N J | AN
Y Y

Name of API Object action parameters

\ J
Y

Request for specifying data
~
\
e | RI API!
1 == WAGRI as a cloud
Relevant data service

N

—
]

Just 3 Codes are Sufficient !

3 codes create any of request for WAGRI!

Example : Python codes
headers = {authentication information}

Request = urllib.request.Request('https://api.wagri.net/
APIl/{parameters for data request}’,headers=headers)
response = urllib.request.urlopen(request)

16
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&5l : Python 215
headers = {authentication information}

Request = urllib.request.Request(‘https://api.wagri.net/
APl/{parameters for data request}’ ,headers=headers)
response = urllib.request.urlopen(request)

16




Gaining Good Performance for Data Retrieval
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® Multiple poly depi ormal browser
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Applications

18
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(1) Prediction of Crop Growth

Mathematical Model of Crop Growth

S shape curve implies interesting characteristics of crop
growth

Daily growth rate

Example : =

Growth reaction is nonlinear - ' G, A, Th
to temperature It parameters to be estimated

1 1
DVR =—=X 0
G 1+exp{—-A(T—-Ty)} / |

T

:daily tempratere

| ]
4 e

Ty :Threshold

" T(daily
temperature)
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T;, =? °C
rice crop

The value of Ty is dif ferent
by category of crops

potato

T;, is unknown, and should be estimated

in order for the predictions

Category of Crops WAGRI can predict

WAGRI has learned T, s based on records of crop growth

Category of Predictable Growing Stage
Crops
Rice crop |Heading date, period of maturity, period of harvesting
Soy bean |Sprouting date, heading date, period of maturity
wheat Sprouting date, heading date, period of maturity
lettuce | period of harvesting

— =

Crop growth prediction is possible

22
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API for Crop Growth Prediction

Request Message for prediction
Parameters:

- category of crops
- location of cropping

Growth
Predictio
n

Result of Prediction

(2)Supporting Large Scale Farming

24
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Emergence of Large Scale Farming

e Collection of distributed small deserted lands
amounts to thousands of farm lands!

Distance between neighboring

20a farm lands is 2-3 km 30a

When and who do what in where in each field?

Y {2

25

APIs for Large Scale Distributed Farming

Multiple APIs cooperatively work for managing data of
scattered cultivation.

LOWNIS
o API/Private/Farmer/ API/Private/Field/

" "+ | Farming Corporation Farm Field

I_*

[ M AP|/Private/Staff/
' @
Y Farming Staff
| R
v v

AP|/Private/Planting/ API/Private/Cultivation
Cropping Information ] CuIti\E\Hon Work"i

Corn Barley Rice

They are not APIs only for data retrieval

Rye Emmer

26
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(3)User Defined API
~ Customizing API by Users Themselves

27

Accommodating Individual Farming
Requirements

API/Private/Field/ API/Private/Field/

Farm Field Farm Field with Soil

Default data items Customized data items

Field ID : 0001 Field ID : 0001

Latitude : 30.1234 Latitude : 30.1234

Longitude : 130.456 Longitude : 130.456
Soil : Gray

'F2, 'SoilMiddleCode': 'F2', 'SoilSmallq
ordinates': [{'Latitude': 39.94785327
94917032719306}, {'Latitude":
11346, 'Longitude': 139.9497293512(
5501187166544, 'Longitude': 139.95
59037792875056, 'Longitude': 139.9
8408389827826, 'Longitude': 140.00
8971239136062, 'Longitude': 140.01
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TREREURIEHE . ik
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=HID : 0001

#2E 1 30.1234 2E :30.1234
#< % :130.456 #% :130.456
TIE

=HID : 0001

C KB

'F2, 'SoilMiddleCode': 'F2', 'SoilSmallq
ordinates': [{'Latitude': 39.94785327
. 94917032719306}, {'Latitude':
11346, 'Longitude': 139.9497293512(
5501187166544, 'Longitude': 139.95
59037792875056, 'Longitude': 139.9
8408389827826, 'Longitude': 140.00
8971239136062, 'Longitude': 140.01




User Defined API

WAGRI enables to create users’ original APl by themselves

GUI for creating user defined API
name of APl /APIl/individual/field_with_soil/

Regist
Method type Defining name of API
Data model  Field ID : 0001 a
Latitude : 30.1234 | Defining data
Longitude : 130.456 items '
Soil : Gray N
Script
{
Execute: API/Public/soil/Get?lat&Ing
i Description of internal procedure

WAGRI as a Whole

summery

30
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AP|Z & /APl/individual/field with_soil/
| ————
Regist
yalragit POST EZAPINEZTE
BB E EMID : 0001 .
2R 30.1234 o
L #RE 1 130.456 — EE HRRE
T TIE KRB |
Script
{
Execute: API/Public/soil/Get?lat&Ing
} A2 e St

WAGRI{ER—(EIZ2ES
=S

30




WAGRI, Agricultural API

1. Agricultural Big data platform

(good performance for data retrieval)
2. Knowledge acquisition(prediction etc.)
3. Data management
4. User defined API

-

Approx. 120 APIs are equipped

31

Enabling 120 APIs within 1.5 years

WAGRI architecture enables independent development

WAGRI’s Architecture

[ Development of APIs ] '

Independent —

4 )
Platform Development ‘

Database Construction
Data processing




WAGRI + 22 API
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Field Trials

Adapting modern farming style

33

Issues of Large Scale Farming

Multiple agricultural machines of different

makers are mixed
—— [Current-issues]—

Data can not be shared

om —— om

A Company’s g Company’s
data dajfa
v\x X

» N\
L@

e

C company’s data

Operational data
are separated

[ Purpose of the-Triall—
WAGRI provides with

between different makers| data sharing servige

NETTIR I IR

R

)

v
\\\\\

y o

{Enable integrated viewing

of machinery operations
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An Example of the Data Sharing Trial

WAGRI

Developing interfaces | ¢ Agricultural machinery
Creating customized API|  companies

CT companies-.

L
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WAGRI enables Rules of Data Sharing

® Data ownership should be protected

® Rules of data sharing should be strictly followed
4> 4>

Farmer#%\ }Z\Farmers

}

IT (O Machinery
companies ©Companies
R ATTYSY

Q Data access

controlling function

3
ll Data Storage
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Unmined Data
WAGRI has just started

Possibilities of Local Big Data

1. Akita prefecture is famous for rice Cropping-
2. Cultivation records of rice crop have been

accumulated for 30 years!
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Local Dynamics of Agricultural Environment
® Geographical characteristics are d|verS|ﬂed

® Climate is dynamically changed _ gEE
182km |
_ idkm
v ,2?';
Growth of ‘rice crop ?
Unexpected Discovery from Local Dynamics
® Relations between elevation and flowering date
® The relations are against intuitive guess
Flowering | =555 =2= - ¢ e & %
date ==eo=s : - s o
| fBasm area .
At temperature rises sharply
Om 50m Elevation 7w
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‘Smart Food Chain’

Next Step

41

The Next Stage of WAGRI

Smart Food Chain

agricultural products are vulnerable to conditions

Exporters 1 [ Forwarders

~

{ Importers J

-

N
Retailers

o [

Refrigerating
containers| 3\

switc

plex hi
J(Falthy ? = Ambiguous

.

il

of logii:

—~+

Logging quality data of agricultural products by each switching /
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Thank you

WAGRI is one of Next-Generation Agriculture Project under Cross-
Ministerial Strategic Innovation Promotion Programs conducted by Cabinet

Office, and is administered by National Agriculture and Food Research
Organization.

This work was supported by Cabinet Office, Government of Japan, Cross-
ministerial Strategic Innovation Promotion Program (SIP), “Technologies for
Smart Bio-industry and Agriculture”(funding agency: Bio-oriented
Technology Research Advancement Institution, NARO).




Thank you

WAGRIZABEMAZEBEFIREBEIFEETSE MY " N —REZFE L 518X
—  HEZE - EmEERIFE RS ( National Agriculture and
Food Research Organization - NARO ) &3 -

SR TFHHARNBAANBERAZEEFIREEIFeESTE (SIP) 2 T82%
M TEMBER , X5 ( BEEEE | TYRBEEERI R EERS
Bio-oriented Technology Research Advancement Institution - NARO )
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