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Q.1

What is your first impression on
Smart Farming?
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"Breeding Technologies to Increase Crop Production in a Changing World”
Tester and Langridge, Science(2010), 327 (5967): 818-822 o4 o5




Economic growth accompanies diet transition

‘ Production efficiency of animal product is much lower than staple food ‘

Calorie dependency on staple food ‘ = Calorie dependency on animal products ‘
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Water consumption for food production

* Water needed to produce 1 kg of agricultural product

Products Water (t) Products Water (t)
Rice 3.6 Beef 20.6
Barley 2.6 Pork 5.9
Wheat 2.0 Chicken 4.5
Corn 1.9 Egg 3.2
Soybean 2.5

T. Oki, M. Sato, A. Kawamura, M. Miyake, S. Kanae, and K. Musiake, Virtual water
trade to Japan and in the world, Virfual Water Trade, Edited by A.Y. Hoekstra,
Proceedings of the International Expert Meeting on Virtual Water Trade, Delft, The
Netherlands, 12-13 December 2002, Value of Water Research Report Series No.12,
221-235, February 2003.
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Toward sustainable and sufficient rich food production
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Very complex optimization problem for real smart farming "




Q.3

An example of optimization for
sustainable food production?
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How to solve very complex problems

Can ordinal way of sciences and
technologies provide us timely
sollutions?

el14

4th paradigm Shift of Science to Data Centric Science
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Two contrasts for optimization

* Method

0 Bioscience/physics based on reductionism
VS
0 Data centric science based on big data

* Direction

O Local optimization: bottom-up
VS
0 global optimization: top-down
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Data-centric science to solve complex problem

e Data-centric science tries to lean latent rules and
knowledge through data observed in real world

* For a very complex problem, it is very difficult to discover
common theories to drive it

» Data-centric approach can (may) be only the solution for
such a problem

0 Data show us something which has happened in the past and is
happing now.

0 Data-centric approach tells us what is going to happen in the
future for our decisions based on rules found in data

* Black box
* Artificial intelligence
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Big data?

* Bigdata
O Large scale data from a single resource accessible at once
* SNS, Mobile phone GPS, Car navigation system,.....

0 Holistically integrated data of distributed comparatively small
scale data of the same kind seamlessly accessible
* Not necessarily to be centralized

O Holistically integrated data of distributed comparatively small
scale data of the different kinds seamlessly accessible
* Including unstructured data

* Big data studies in Japan started receiving attentions
after March 11, 2011

Car locations monitored by car navigation systems in Tokyo
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Unusual crowds in Tokyo monitored by mobile phones
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People’s concerns in Tokyo monitored by Twitter What we need for data-centric science in agriculture

» Utilization of legacy data
O Yield data, variety data, quality data, soil data, market data, ............
0 Need to rescue such data
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0 Common platform for seamless data exchange with standard

Mental care under crisis 0 Agricultural cloud and database

Psychological analysis of crowd

mind under crisis * Tools to analyze and to support decisions/ Models
P — ' 0O Statistics, data-mining , knowledge extraction, risk managements
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0 Enrichment of commonly usable APIs
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e Communication innovation/ Service science
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o 0 Efficient Knowledge transfer to farmers
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In other words,
to achieve sustainable and sufficient rich food
production, we need

To monitor what is happening
0 loT on multiple platforms
O Legacy data

To understand the present status Some examples of sensor innovations
0 Analytics/models coe

To predict what is going to happen
0 Models

To design most optimal food production
0 Models/policy
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Types of information in farming

Environmental information

Farm management information
0 Tacit knowledge

Biological information (crop information)
0 Phenomics data
0 Genomics data

Efficient and low cost acquisition of crop condition data
is still quite challenging outdoor
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Low cost sensor networks are now available

Cell phone with GPS
and camera

Glove type NIR analyzer for intact fruits

Collected Data while JUN - AUG 2008
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By Mr. Aoki of DUNAMIST, Hamamatsu Photonics Co. Ltd.

Move targets with legs and arms
& monitor spectrum data of
target fruits




Grape cluster identification Estimation of canopy coverage of paddy rice

Days after transplanting

HARDABHDPABRA RN HBARD HH BN NN B ETBIHURNHBHT SN OARRHAEVBRB RN NN RN

[T o

09

o
w

*

. }
" 4
/ i : \-Hi‘ll;:i S
ﬁgw‘i-:‘ S !tﬂ;p
/ ¥=10416x-0.0152 ﬁ"‘l}:“‘r- kit ¥
/ R®=0.9945 y

0

S

©

o

[

g /f‘l iy
© 3

3 o2 o o
&)

=

[ 1 e

i

o

[:} 02 04 06 0.8
Canopy coverage ratio Hand

R2=0.99, Overall

.

o o
o

o
I

=]
=

ope afersnco Adouey

o
W

PP -0 O

& 8 i o b b
P ELEE LSS FF
PP ESTETIELE

ry Yy ,-:‘_,,:P,M-*-‘ FEAPP
CES I A A

Time and date
®30 032

Field monitoring using drones
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. Soybean

Utilization of legacy data
l
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Crowd sourcing: Kids’ sensors in Vietnam

(a) Rice Growth

Rice Height (cm)
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Q.4

What kind of sensors do you like to
develop for farming?
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Open data/Open science

Restoration and utilization of legacy data
0 Data possessed by agricultural experimental stations and
scientist
O Digitization and metadata development

Data management & data interoperability
0 Standardization & common APIs

 Citizen science & open science
0 Data collection and phenology observations by citizens

» Software library sharing
O Data-centric methods
0 Trans-disciplinary collaboration

Q.5
How do you think open science/citizen

science contributes to sustainable food
production?
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Summary

* Data-centric approach with big data will help us to achieve

smart agriculture which provides us sustainable and sufficient

food production for quality life of all the humans
0 Sensor innovation and 10T
O Restoration and utilization of legacy data
0 Model innovation
0 Model and data integration platform
0 Open data, open science
* Innovations in agricultural sciences
0 Breeding, cultivation methods, integrated managements,..
0 Field robotics, machinery, irrigation system

* |nnovations in communication and education
0 Efficient Knowledge transfer

e Service science
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Homework

* To sketch a system to support sustainable farming
0 Objectives
0 Methods
* Present availability of the methods is not necessary

* Sensor technologies
* Prediction models etc.
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Thank you very much

Z_EIEL snino@isas.a: u—tokyo_.ac'-.jp




