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Social/Economics/Politics
processes

Global
Regional

Country

Province/State

District

Household as a unit to
gain better
understanding of the
management of
agricultural and other
resources under
changes to produce

food, feed, fiber, fuel,
etc.

Farmers/members

nszuuaaval (Human processes)
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Activity System 1
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Weather resource systems
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Soil resource systems
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An Interdependent & Holistic Framework to
Understand | Predict | Manage

resources for Harmonization of Smart and Sustainable
Agricultural Systems (and other system properties)
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Bio-Physical-Environment processes

An ecology system

Landscape/Watershed
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Crops/Livestock

Rice/Soybean/weeds/pests

Rice/stem/root

Tissue < Cells < Organelle < Molecule < Atom
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No of beneficiaries

Happiness
Equitability

High

Low

Agricultural products

Agricultural Products

Productivity  High

Low

Stability

Low

High

Agricultural product

Sustainable

Time & space

Stress/Perturbation

High

High
Sustainability

Low

Time & space

Time & space

Not-SS PA

SS PA

SS PA indicator
(GHGs, other ENV)

Time & space

Modified from Conway, G. R. and E. B. Barbie. 1988. After the Green Revolution: Sustainable and equitable agricultural development. Futures 20:

651-670.


../../../../JournalPapers/AJ.Data/PDF/Conway1985-1489561859/Conway1985.pdf
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FYauunn1s ICT lunisaaanseay ssutArasauduadauaiaanunla (Hdauawazanug)

1850: Ag2.0 16th-17t Century -10000 (Ag1.0) -3M years
Industrial Society Scientific Revolution Agrarian Society Hunting/gathering society

1970

1960 1980 1990 2000 2010 2020 p I30 2040 2050 2060 2070 2080

Computer & Information Era Autonomous/Experience Era

Ag3.0 Guidance systems and precision farming
Ag4.0 PA Farm activities are connected tp the cloud/fog

popu\at'\on

|

GR1: Ag Technologies
Seed, fertilizer, pesticides, machine, etc.

Ag5.0 Understanding-Driven Ag, Al, Robot digitally-integrated physical enterprises
GR2: Understand-driven Agriculture

= GR1 + decision tools + networking + Al

Trial-and-error + On station experiments (single discipline with statistical approach)

Transfer by analogy + Agroecological Zoning to generate Ag Technology| BioTechnology | multi-disciplines with systems approaches (Process-oriented)

Cropping System Research | Farming Systems Research (with various tools, i.e AEA, RIUI, AA, PAR, CBR, etc. | Networking, ICT

W | N
| Apr 4, 1975: MS Founded | Agricultural Information Systems : |BIG Data | : Empowering Collective Decision
1966: IR8 released dB | Modeling | Remote Sensing | GIS | SSM-PA | GPS | = . Making with DSSs
| Apr 1, 1976: Apple Founded | DRONE | loT | Al | Cobots : |Blockchain : g

Soft and Hard System Modeling & Simulation over time and space
To improve understanding of interactions, predict the behavior, and manage resources



http://www.nationalgeographic.com/foodfeatures/green-revolution/
http://museum.agropolis.fr/english/pages/expos/fresque/la_fresque.htm
http://www.mcc.cmu.ac.th/DSSARM/

USUN ICTs Tun1sanag Understanding-Driven Agricultural System Innovations
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Analog 1.0 dnuidavann: https://sinqularityhub.com/2016/11/22/the-6-ds-of-tech-disruption-a-guide-to-the-digital-economy/



https://singularityhub.com/2016/11/22/the-6-ds-of-tech-disruption-a-guide-to-the-digital-economy/

The Evolution of Big Data

TheThreeV's of Big Data """

WILEY . ;Bmh:thm
Tobles ies. TheFive \s of Big Data
ﬂuwni Volume |- Welocity
= Structured
! Semiinstired « Terabytes « Batch
" Allthe abave |« Records/Arch + Realneartime
The Four ¥ of Big Data VARETY + Transactions + Processes |
. = Tables, Files + Streams
FOURV’s s W™ Varigty Value
g | ofBig HRf 7 S
Data S s e Structured = Statistical
| « Unstructured « Events |
. = Multi-factor = Correlations
s s e oo « Probabilistic = Hypothetical
e ok Eetanes mnsmsnns i el S ) * Trustworthiness
e M( ~ S « Authenticity
- : _ _-~~*|I « Origin, Reputaion ——
% Velocity Veracity ev olunion « Availability
STREANING DA NGERTANTY « Accountability

18.9 BILLION
NETWORK
DDNNECTIDNS

’i”i’iii’i’i’?iii

‘Sources: McKirsey Glob! Irst ENC, 54 c. 085

Veracity




The Evolution of Data Science

WILEY

U Summarized below are some open challenges in big

o L
§ Y data research, development and applications.
% actionable knowledge directly
& from data through a process of
di , hypothesis, and : .

€ | [ thescience of dealing R o « Structured versus unstructured data with effective
.§ With data, once they Knowledge discovery i i

have been established, R = Indexmg;
*3 while the relation of the AN detaomining e O =S )T'
8 data to what they N BigData | , * ldentification, de-identification and re-identification;

represent is delegated to i - A

other fields and sciences.[ -~~~ oD /// « Ontologies and semantics of big data,;

-
P e g « Data introspection and reduction techniques;
S 4 Statistics v - . . . -
» il e e » Design, construction, operation and description;
P - = - .| Statistics renamed
- ! : : : .
( Datlony: | s as data science - Data integration and software interoperability;
S | | i | > « Immutability and immortality;
Year
1968 1997 2001 2013 - Data measurement methods;
The evolution of datscienceup to the big data era « Data range, denominators, trending and estimation.
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Table 1.2 Differences of Three Cloud Service Models from the On-Premise Computing
in resources control under User, Vendor and Shared Responsibilities

Resources On-Premise SaaS
Types Computing Model

App Software User Shared Vendor
Virtual Machines User Shared Vendor
Servers User Vendor Vendor Vendor
Storage User Vendor Vendor Vendor
Networking Shared Vendor Vendor Vendor

. You control
. Shared control
. Vendor control

What Changes?

On Premise

laaS SaaS

Application

Application

Application

Virtual
Machine

Virtual

Virtual Machine Machine

Server Server Server

Storage

Storage

Storage

Mather, Kumaraswamy and Latif, “Cloud Security and Privacy,” O’Reilly 2009

Network Network Network

—

Cloud Computing versus On-Premise Computing and Big Data Industr

UFTUN

Evolution of the Big Data Industry

Data
Size

YB
zB
EB

Doubled every 40 months since 1980s
2.5 Exabyte (10'8) of data per day
Storage capacity today: 667 EB in 2013 (Cisco)

= World market size of IDC in
2012 is $22.6B (21.5% growth)

= China IDC market size is

RMB 17.1B (67.1% growth) = $34B in IT spending (2013)

= 4.4M new jobs related to
Big Data (2015)

= Gartner predicted that Big
Data will be a traditional
industry by 2020

Databases
- Data engineering
- Knowledge engineering

1 1 1 1 3
1960 1990 2000 2020 oFeERe

Table 1.2 Evolution of The Big Data Industry In Three Development Stages

Stage Databases Data Centers Big Data Industry
Time Frame 1960 ~ 1990 1980 ~ 2010 2010 and Beyond-
Data Sizes ME - GE -TB TB -FE-EB _ EE-ZB -YB
Market Size and | Database market, $22.6 B marketby | 334 B inIT spending (2013), 44 M
Growth Rate Diata Knowledge IDC 2012, (21.5% | new big data jobs (2013), Gartner
Engineering growth) predicted it to exceed 100 B by
2020




Evolving Data Analytics over the Clouds

et Visualization Reporting bhak
Dash-boards, and Query Interfaces

The evolution from basic analysis of small data (MB to GB)
in the past to sophisticated cloud analytics over today’s big

datasets (TBDPB).

Small amounts of
data or samples

techniques to analyze the

Large (or all) amounts
of data (gigabytes

resulting in predictive

Analytics and Discovery — (megabytes to gigabytes) to petabytes+)
Machine Learming  Alerting Streaming Analvtics 4\ E g *
€  ADVANCED CLOUD
Views and Indexes ‘é ANALYTICS ANALYTICS i
Geographic Language Entity Graph Streaming Deals with smaller datasets Can fuse different data s ang
Translation Relationship e Index g but uses advanced types on a massive scale, ;ﬁ?}zi:ams

impact of future scenarios.

and real-time analysis

Data Lake . capabilities.
Metadata Tagging for Data Management
Structured, Unstructured, Streaming
Infrastructure Management BASIC CLOUD
ANALYSIS COMPUTING

Provisioning Deployment Monitoring Workflow

Layered development of cloud platform for big
data processing and analytics applications.

Relies on historical
observations to help
avoid past mistakes and
duplicate past success.

From a systems perspective,

data becomes more
consolidated while analytic
workflows are more

streamlined and automated,

Accurate historical
observations

Size of Data




wn el Traditional & Modern Platforms

Analytic workflow Traditional platform Modern platform
component

Data ingestion and IT-produced, supply-driven IT-enabled, on demand,
preparation understanding-driven
Content authoring Primary IT staff-limited Business user-

usage comprehensive governance
Analysis Predefined, ad hoc Free-form exploration

reporting, based on
predefined model

Insight delivery Distribution and Sharing and collaboration,
notifications via scheduled storytelling, open APIs
reports or portal



DAL AiauaIn1sILAau (Analytics/Modeling) wazn1slatNaanseauNITIaUg

Descriptive (us5a14) Predictive (nhan15ai) |Prescriptive (1uziin)

IT-enabled IT-produced Data ingestion and
preparation
Rear-view facing reports  Suggestive options Recommended actions

Student performance management
Digital assessment

Intelligent classroom

Teaching analysis

Class scheduling

Enrollment management
Financial aid administration

University advancement

Attaran et al. (2018). Industry & Higher Education



2020/06June25-FoA/BigDataAnalyticsinHigherEducation.pdf

T EU-IoT: 2haln 12013 wnssaulifuadssuuini+asssduasi’?

SOLAR-POWERED FIELD SENSORS

WITHIN-FIELD MANAGEMENT ZONING
FARM MACHINE INTEROPERABILITY BALTICS

TRACEABILITY FOR FOOD AND FEED
LOGISTICS

POTATO DATA PROCESSING
EXCHANGE

https://www.iof2020.eu/trials/arable

a1ty EU

During the implementation, different challenges are
encountered:

1. interoperability is a key major hurdle throughout
all the layers in the architecture of an Internet of
Things system, which can be addressed by shared
standards and protocols,

2. Challenges such as affordability, device power
consumption, network latency, Big Data analysis,
data privacy and security,

3. Solutions: machine learning, middleware
platforms, or intelligent data management.



https://www.iof2020.eu/trials/arable
../../JournalPapers/Biosystems Engineering/Internet of Things in arable farming2020.pdf

S.Korea: BIG DATA 2ha i 12013 Winasuiifiaadssuiini+assis1dian?

Introduction Service on
Internal Environment

Farm
(Service Provision)

—
Apgyopriatg o as BB
7"“9"&’7‘ "',A; -
Y TR
Farmer A ATIRGE-
{Smart Farm A)

(Data Input)

Drawing appropriate  p.
pare

e greenhouse consulting Apptopr el

C°"V9'9°"°9 orgitonment per message Terpers BT as I35

Ag Big Data Management System (ABDMS) construction map

L L8 farm y £
RN N WM ) Farmer B\G‘_l-
{Smart Farm B) o)™ g | m oreent . , Vyge Tan
ey ¢ I.ENIIIII{;
- e s < ApgFopr w\mv S
s = 75%
it - ) g Pmmy Growth Statl '
A 5 XN a Improvement, . wironment/Glolvts Farmer cw
{Smart Farm O Model {SmartFarm O

Future plan for smart productivity improvement
model using ABDMS

Volume, Velocity, Variety, Veracity, Valorization
(1A 157 narngduuy aaunaw Tadiu)

Cho and Lee, 2019. http://ap.fftc.agnet.org/ap db.php?id=1071

Specialized Mode!
Development using

\ Agriculture Big Data
i
Provision PN
y ! ’
Innovative Growth
Ecosystem using !’.,,
Agriculture Big Data « Productivity
= ~ Improvement
~ Farm Income
Job Creation T8 y="= Service ”‘:::;M . I /g g El Increase
Provision

4

Data Collection
and Processing &
Basic Model
Deyglopment

1z 0
\!S‘)- @0
Data &
Management

Enowhow Provision



http://ap.fftc.agnet.org/ap_db.php?id=1071

usUN Taiwan: BIG DATA & IoT 2halui 12013 Winsaulifiaadssiuinidasfdiani?

https://eng.coa.gov.tw/ws.php?id=2505331&print=Y Agricultural service industry|
Smart agriculture alliance | {_J
Parameterized Quality control || Safety control || Risk warning
| management module of , » | Flexible production schedule | ¢
agricultural technology | | Environment Nutrient Yield
settlement management || estimation
Labor-saving
assistive device Man-machine I -
- Smart classification || coordinated ~ Distribution planning (€=
H module intelligent > Production ¢ I
i - hi ecision suppo
i Labor-saving machinery I
1 i .
| fransport device . Flexible supply module
' . . .
vYv Ol Distribution loT Cold chain logistic &
uality : I monitoring module
z monitoring Location management I -
3 Jutritior Distribution adjustment I Cross-channel logistic
& . ) GIS positioning traceability system
o Bio-sensing
g‘ g‘: « B - Sl Top - notch industry | Vertical production
% — Soil moisture . o - l information digitization
o | | Environment monitoring Traceability = ==
o] Lurminosi r : Horizontal logistic
= |_tuminosity e information digitization
. lity desi i il
& humidi Facility design Consumer service | Traceability

Pest imaging

>

| 1 Consumption trend /
Push habit analyses I .
I notlflc_atlon Product information
service

v

Food and agriculture
education

»| Big data analysis platform



https://eng.coa.gov.tw/ws.php?id=2505331&print=Y

Policy Society/
Consumer

SFPA-

GO centric

NGO

Funding University

Experience

PAT: Innovation team (Producer + Researchers)

Local Knowledge/Experiences
Diversity of abiotic/biotic resources,
capture spatial diversity

Attribute and Spatial database

(Climate, Land/soil, Water, bio-resource, HH survey,

A system approach to link partners & data/model for Lnirase319UAAN

Policy makers
Consumers
Producers
Private firms

Common Goal: Resource Use Efficient, Job creation, reduce risks, sustainable

consumption and production with positioning and integration under SDG/SEP

PAP:

Producer Associations
Line agencies
Private firms

Implement appropriate option to
precisely manage resources

Manufacturing

@ Assess various options for dnansaiiuiu

N : : Uaaads dinw
positioning & integration Lms,e_ﬂ LAy Saasns

Global knowledge

Relationships at the process level, capture
temporal change of biotic components
under resource allocation decisions.

Process-based and empirical,
LCA, etc.

Resource Inventory

Laboratory, field experiment, on-farm trial

crop cutting, self-report, etc)

19

Uehara (1998); Kovanich (2009); Jintrawet et a/. (2012)
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amilavann: National Academy of Sciences, 1997; Srinivasan, 2006



http://www.amazon.com/Handbook-Precision-Agriculture-Principles-Applications/dp/1560229551

gna-nu (TRF-PA) thiasuwiugn (tAutiauansneinsinasnsaninidg) 1 aai1au 2558 - 30 diaulau 2563

SRI5820205 A. PA at Plot/Farm Level Experience

A KMaIZ 1K'K2L(J)1?_-All<1g 31'h 2017 C. Precision Agriculture Cases
* Aj. Krir inks wit

R:DGS30£)009) SR15920209 Plot/Farm Level PA Cases

W Sept 1, 2016-Aug 31, 2017 1. Tangerine, Chaiprakan, Fang, Mae Ei watershed
* Weather Data Sensors & Logger (Prof. Dr. Chaiwat T.)

. Dr. .),

(ADAPAW 1.0) o | 2.Durian Mae Ei district and Chanthaburi (Asst Prof. Dr.
~Spatial res.: 1x1 km * Soil nutrient chemical sensors Ratchadawan)

-Solar radiation (Pyronometer) (AgDAPAs 0.9) (Prof. Kate) !

-Temperature & Humidity (Thermohydrometer) 3. Longanl (ASSt Prof. Dr. Aussanee)

-Wind speed (Anemometer) 4. Oil Palm (ASSt Prof. Dr. Jakarat)

“Rainfall (Rain gavge) + Spatial res.: 10x10 m 5.Duck weed (Asst Prof. Dr. Arak)

_Cellular network to Internet « Soil pH - 6.JSujube) (Assoc. Prof. Dr. Sungcom, Assoc. Prof. Dr.

- Ag Resource.net, Installed at KKU, CMU, MJU, ) ; upat

selected RRCs, Networked Farms. * Soil nutrients (N' P, K' Ca' Mg' S' B, C|,
e servi o i, [y e, [, Zin) Watershed /National PA Cases
http://mcc.cmu.ac.th/projects/iWeatherStation ° Rlce Seasonal Yleld Forecast (Dr. VlChlen)

B. PA at Watershed/National Level

SRI5920206
Feb 1, 2016-Jan 31, 2019

Formulated, but no funding
- Unharvested rice area in E-san (Aj. Krirk).
- Rice Yield/Biomass/Production (Drafted MOU

« Aj. Chakrit (CMU), WRF model, AR5 RCPs.

* Spatial resolution 12x12 km :
« 6 months weather forecasts with TRF/CMU/RD/GISTDA).

- Data service at http://202.28.25.30/climate - Watershed-level landuse maps (Aj. Thaworn for
ChaiPrakan/Fang/Mae Ei watershed).



http://mcc.cmu.ac.th/projects/iWeatherStation
http://202.28.25.30/climate

Demand: Towards Sufficiency Economy Philosophy (SEP) & Sustainable Development Goals (SDG) with modeling
and GIS
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Economy/society/environment/culture
in a balanced, stable and sustainable way TPMAP

Immunity to materialism and = ey £
social/environmental/cultural changes SOCIETY |....
Tant !i

Lead to

f
RiAARIIFAPF

The Middle Path Moderate Sufficiency

Reasonableness Self BIOSHERE

Immunity

p
Knowledge Condition Integrity Condition

(Prudent and (honesty, diligence,
appropriate wisdom, sharing,
knowledge) perseverance)



https://www.tpmap.in.th/

fratng: wdauwlaslvidianisifantasuuide (n&e wilss asgans ustaa Lifiuag&ea RUE)

Resource
Use

Efficiency

At the firm level:
Reduce costs,

risk & pressure
to ENV.

Bio-fertilizers

6. Products
from waste

Bio-pesticides

UTUN

Co-Redesign new

Understanding-driven Agriculture
1

Underétand

— o 'l5 an1sNAY 3
_ _ &l5 <> i
Situation a5 o Fiafls N
W|th data ?JV—]-J &uU \
¥
sets Zero waste &a3 b Tlaguay
2. LA3azne
Production/
Processing
Society & Political- DS;?\?ennd-
wills with good data Future industry and services
harmonization with ‘
ecosystems using . . .
PA TourismDiversity
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1in'le? FoA CMU: Our ‘common’ mandates/commitments under 20 yr Strategy & SDG/ASEP

Learning
\ WRU, Kyoto U, etc | TSRI, KU, CU, MU, others

LMC-Mekong, High-Upland-Lowlands Chao Phraya watershed, Lowlands
MJU, others $$%5,$95, 955, $9%%

AN

mis.agri.cmu.ac.th INEA5AS 6 AAUA3II3AU | ASENTIY | WUA

N e

w.d. ona, Wwila, Aoz, ud = = -
with new AgSs Transformations (with staff, ~

/ students, CMU’s) & MOAC, Farmer’s groups, etc. )

Admin (5), Dept (5), Centers (5), Stations (4) /

B.Sc. (364 n. 1 .-
ngr‘; m(s : 1?1) uaz M.S. (68) Ph.D. (14)
LA9R 2N Programs (10) Programs (9)

Research (Lab, Field, Farm,
Education (degree programs in natural, ‘\. ﬂwftershed, Policy) ‘
aconomic sciences) HR: 295 au *153 an, luwu 77,132,351 .
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Yin'le?

szuuaadtsn (Our system) iilu Agriculture 5.0

What if? Changing/Helping students experience new learning AgS contents/contexts/values
(using ICTs: Hardward, software and peopleware, Situation/Contextware).

gau 348 u5n153211015 | e au I8 UIN15IUNIT | NSNS | e | dduauu | + niwenns + seudau >> iihnaneg = szuuuasts

What if? Changing/Helping students to build
understanding and compare current/new
contents/contexts/values

szuu PDCA

M liausiuida

What if? Changing/Helping students apply their
understandings to build new creativity to maintain
career, values and agro-ecosystem properties.
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Analog 1.0

4. szuy waauain analog g digital

i

3. szuudszanadaualvitduanudinlasny ansydu/untaun'le tilusilassu

yd

2. szuuizaustnudayaluiinaiu q 6aadu
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1. &9Nuvinszuuy Wandgulaanszay u.6A. /uadaiiniainassINgu

Analog 0.5




1in'l9? ICTs > what if? vinTut u.6. aula Understanding-Driven Agricultural System InnovatiQg

2017 IC on IoT Analog 1.0

4, 3211 1&8UIN analog & digital

/

3. ssuuilszanadayaliitiu anuinla/dunauizaus/aanisalnanisisaus s7uau
eansyeiu/uAteunn’le tilugsssu (Build learner knowledge model + Construct a
domain knowledge model)

7

2. syuu Baug/iAudayaluiaiiu 9 daadu (12u English, Coding, Math, Science) Build a
learner experience model + Establish a learner behavior model > personalized book

-~

1. &51917u vinsguusn Big Data & 15U u.@. nr. Learning ansgau
she3an/personalized aur2inta (Jrnisuazziaya, Coding)

Analog 0.5
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2113t/ 1Aa1n3 (a professional)
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11197 ICTs > what if? i1l vausiau/3atilu Understanding-Driven Agricultural System Innovations

Analog 1.0

4, 3211 1&8UIN analog & digital

/

3. ssuuilszanadayaliitiu anuinla/dunauizaus/aanisalnanisisaus s7uau
eansyeiu/uAtieunnle tiugiassu (Build farmer knowledge model + Construct a
domain knowledge/Business model)

2. ssuuzaus/durdayaluidaiiu 9 dadu (Ldu tneasas9uaan) Build a farmer experience
model + Establish a farmer behavior/Business model

-~

1. &9917u vinseuulyd Big Data & 115U u.@. Learning/Solution ainsgau
wAteurIeLnas Gt (Jrnsuazdaya) .uAuiunIEnse/

NN/ LNOTNT
Analog 0.5
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Bridhikitti and Overcamp, 2012

Rice-cropping ecosystems

AS E ANENO.M,

B Deepwater rice:3,647,408 ha
: "7 Upland rice:1,207,539 ha
§ B Rainfed rice:20,454,775 ha -
: B 1rrigated rice:17,063,698 ha
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« Vin'lusiavaau/aausn1sinirastiutalaualamntznta (tnras &.o) Why do
we teach/learn about Understanding-driven AgS (Agriculture 5.0)?
.+ Aa/1711a v3uN wazdseideansnisinras > Vision: autae Mifisa'le sfuag 9a9 fofiu

Aaundn-uilssd-udina

AULNHATYN
PDCA eanszau/
ARNT NTNENANT
wuUfiaa 1 dw

AULNB AT
3euy/
12 1a

AULA AT
i1 dB

I|

S3fia
 Interdependency of human and agroecosystems. .
« Network of system approach workers to improve, with active participation & learning

(data/knowledge/Understanding), situations.

* ASZAUNITAR /1N what if? svuu/nsvmum'swﬂus LRZRIAS TN TanTaY
wiIn, dndnin, MANFAT, NAIIUTAE & wuaIaauy UD_AgS Tunis
transformation LWasnX wwﬁa’mnm (emergent propertles) UDITEUUALIAU
LA crop/ I|vestock/f|sher|es/forestry agro-ecosystem T2inswennsil
UTTINEN TN TANRINU LRI ULAY.
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