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Standardization of Agricultural Activities

Background

Agricultural IT systems are widely adopted to manage and record activities
in the fields efficiently. Interoperability among these systems is needed to
integrate and analyze such records to improve productivity of agnculture

“Puddling” “Puddling”
Issues “Py
ling’
No standards are provided for
names of works so that each “S0i i
system vender defines them 5 . B “Rough Puddling”

independently. It prevents
federation and integration of
these systems and their data.

http://www.toukei.maff.go.jp/dijest/kome/kome05/kome05.html

Purpose

To provide the standard vocabulary by defining the ontology for agricultural
activity



Standardization of Agricultural Activities

Thesaurus

A system to organize words by synonym, narrower/broader, and related
relationship. (ex. AGROVOC)

Search related words efficiently

| harvesting 1 topping(beets) |
- Narrower/broader relationship —{ baling |
is not clearly defined. So relationship | L {gleaning |
relationship among bother between : _

. ibli mechanical harvestin
words are often mixed and siblings B : g
misunderstood. _Eg@
- AGROVOC




Lessons learnt — What should be considered

Define hierarchy clearly

Hierarchy is convenient for human to understand and for computers to
process. But it often be confused by mixing different criteria on relationship
among concepts/words. It causes difficulty when adding new concepts/words

and when integrating different hierarchies.

==) Define relationship clearly between upper
and lower concepts as basis of classification

Accept various synonymous words
Names for a single concept may be multiple by region and by crop

==) Clarify an entry word and their synonyms for each
concept



Thesaurus and Ontology

Thesaurus

A system to organize words by synonym, narrower/broader, and related
relationship. (ex. AGROVOC)

Search related words efficiently

| harvesting 1 topping(beets) |
- Narrower/broader relationship —{ baling |
is not clearly defined. So relationship | L {gleaning |
relationship among bother between . _

. ibli mechanical harvestin
words are often mixed and siblings B : g
misunderstood. _m
o AGROVOC

Ontology

A system to define relationship among concepts
- Hierarchy by generalization/ Representation: “Harvesting”

specialization _relatl_onshlp (harvesting }——{ mechanical harvesting )
- Property inheritance

- Separate concept and representatiorigEIREN —>+ byMachine

. [means]
It[ manual harvesting ]

g manually

[means]

Harvest




Designing “Agricultural Activity Ontology”

The ontology to provide semantics for agricultural activity names

ver 1.10 : published on February 12, 2016. 330 words collected, new words are
collected

ver 1.00 : published on November 2, 2015. 301 words collected, defined with
Description Logics, introduction of property
ver 0.94 : published on May 12, 2015. 185 words collected.
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Designing Agricultural Activity Ontology

Define activity concepts

Activity for Seeding:

activity to sow seeds on fields for seed propagai
8-

U7 i Purpose: seed propagation
Activity fo Place : field

Seeding” is Target : seed
Act : sow

==) Define activities with
properties and their values

Define hierarchy

The hierarchy of activities is organized by property

- New properties and their values are added
“purpose”, “act”, “target”, “place”, “means”, “season”, and
“crop” in order.

- Property values are specialized



Designing Agricultural Activity Ontology

Formalization by Description Logics

[ Agricultural activity ]

purpose : crop
production L]

purpose : crop growth

L[ Crop production activity ]

Activity for crop growth ]

Activity_for_seed_propagation Agricultural_activity
MYpurpose.Seed_propagation

Seed_propagation C Propagation E Crop_growth C Crop_production

LI
L[ Activity for propagation ] purpose : propagation
control control LI
\_’L Activity for seed ] purpose : seed
propagation propagation
Activity for Seed
propagation
act : sow
Activity for seeding J target : seed
place : field

Activity_for_seeding = Activity_for_seed
MYact.Sow
MVtarget.Seed

MVplace.Field

——

[ Activity for seeding ]

Activity_for_seeding Agricultural _activity

MVpurpose.Seed_propagation
MYact.Sow

MYtarget.Seed

Mvplace.Field




Designing Agricultural Activity Ontology

Differentiate concepts by property

Agricultural activity >--->  Activity for seed propagaj Activity_for_seeding = Agricultural_activity
purpose : seed propagatior MYpurpose.Seed_propagation
MYact.Sow
MYtarget.Seed
Mvplace.Field

Well-drained_paddy_field C Field /

e

Paddy_field C Field
\

Direct_sowing-of rice_on_well-drained_paddy_field 3 Agricultural_activity
M¥purpose.Seed_propagation
MYact.Sow
Mvtarget.Seed
N¥place.Well-drained paddy_field
M¥erop. Rice

Direct_seeding_in_flooded_paddy_field 3 Agricultural_activity
MNYpurpose.Seed_propagation
MYact.Sow
Mvtarget.Seed
Mvplace. Paddy_field
MYerop.Rice




Designing Agricultural Activity Ontology

Management by Protégé

< @ aao_1_10 (http://www.semanticweb.org/joo/ontologies /2016/1/aao_1_10)
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Designing Agricultural Activity Ontology

Polysemic concepts

Definition of agriculture activities with multiple purposes or other properties.

Activity for puddling

=

purpose : soil crushing

purpose : water retent
purpose : land leveling

Activity_for_puddling =

(Agricultural_activity

MVpurpose.Soil _preparation_of _field

MYact.puddle

M¥place.Paddy_field)

(Agricultural _activity

MYpurpose.Soil _preparation_of _field

MYact.Level

Mplace.Field)

(Agricultural _activity N Y Purpose.W ater _retention)

[

Activity for water Activity for water

[

control retention
Activity for land
leveling
Activity for Activity for soil

preparation of field crushing

N\ Activity for

puddling

)

[disjunction form]

—

—[ Subsoil breaking ]

—(

Soil crushing by
harrows

)

Activity_for_puddling

Agricultural _activity

MYpurpose.(Soil _preparation_of_field LI Water_retention)
MYact.(Puddle LI Level)

MVplace.Paddy_field

[conjunction forn



Designing Agricultural Activity Ontology

Management by Protégé

< > @ - aao_1_10 (http://www.semanticweb.org/joo/ontologies/2016/1/aao_1_10)
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Designing Agricultural Activity Ontol

Agriculture Activity Ontology

ver 1.10 : published on February 12, 2016.

330 words collected
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crop production activity

activity for propagation

activity in the vegetative growth stage
activity in the reproductive growth stage
activity for environment control
activity for soil control

activity for climate control

activity for water control

activity for biotic control

activity for chemical control

post production activity

activity for harvesting

activity for processing

activity for extending shelf-life

activity for wrapping

indirect activity

activity for preparing materials
activity for cleaning

activity for transport

activity for monitoring

activity for maintaining farm equipment
administrative activity

activity for business administration
activity for collecting information
activity for account management
activity for labor management
activity for marketing

activity for planning

activity for evaluation

activity for material purchase




Applying Agricultural Activity Ontology

URI

Give a unique URI for each concept

http://cavoc.org/aao/ns/1/ &

PREFERRED TERM

(I

13w

activity for seedirg

[Japanese hiragana]

BROADER CONGCEPT

NARROWER CONCEPT

ALTERNATIVE LABEL

fEFEE{E%E Activity for seed propagation

EF8181# Seeding on a nursery box

SE7K[E 1 Direct seeding in flooded paddy field

E
&sE 3§ Direct sowing of rice on well-draineq

1&iE

BEZ

[17&] $&< [act] sow
[#%]13%& [target] seed

CAVOC Version

BEEERF RO — 1.10 (2016-02-12)

f

« TEMEEER

o TEMETIERE
o ZEIEHIEMESE
 BOEERIER
o 1FiE
« EEY
o ETEIEERE
o [XiF
« EFEiEiE
o GHNETE
« FZHERE
« BT
» FEZIEEFE
o LA
o IFEE
 ELEE
« A
o HEDIT
- $t']]|,___l
» HEIF(DEEFE

baddy field




Applying Agricultural Activity Ontology

Vocabulary Generation

Vocabulary is generated by processing the ontology. Vocabulary consists of
terms, (non-terminological) concepts and properties.

- Terms: Names of activities used by farmers, researchers, and so on.
- (Non-terminological) concepts: Concepts used to classify terms.
- Properties: Concepts used to define activity concepts.

Applving organic matter

PREFERRED TERM AHEheA Plowing green manure
D HE LD LD PREFERRED TERM FARHERAS
BROADER CONCEPT THERL A HIlEN RS VO FEZH
NARROWER CONGEPT HERPE BROADER CONCEPT At b A
IR > (18] REs [act] mix
55 A & [FER]#2AC [target] green manure
DA FRIEIA 2

[fTR]1 MY [act] apply
[FER1HMHM  [target] organic matter



Applying Agricultural Activity Ontology

Generation of human-readable definition for terms and concepts

Plowing green manure

Sy AL —UEAB S SEN U E L)
EFACHH{EIEI B LT R EFBESL T B EAT ER

’

PREFERRED TERM AP AS USRS  PREE
WaeUIELH k) 2 “Plowing green manure is Applying organic me
BROADER CONCEPT 5144 5 ‘ EHIEEZB a1 mixed with green ma
. HusE #i S - mHIE
[1T8] B 15 (3t mix T8, S B
[ZFERX]52AP [target] green manur SROEA A () 1< T T o
HRMRIEED— D7 ﬁﬂL"’&ﬁﬁL’-”{mﬁé{’Eﬁ
P e AtemaEn \
_ Word list
Concept list

T activity for suppression of wild animals by chemical means
= IliEn% B g =

Husg £U%  FEEAANG|Ex

=8

RHIBLIER (D AZ LU0 ADSIE £D)

EFEFREIINRIHER (D0 TER SN E D T DLBINEE D)

iy | "

purpose,

ﬁBE AEHID —18 3 7ol3 —BF
= _.n
ﬁsﬁﬂw—

Property list

A green manure is a fertilizer

“Activity for suppression of pest animals with control of wild animals as

Husg =
T{uss. £

FEMEHEERE

%W BEL 1 —F=LY EBsa 318 means”

with chemical means

mm) Definition of a concept is generated with properties and its

hierarchy



Applying Agricultural Activity Ontology

Reasoning by Ontology
Infer the most feasible upper concept for

. . o = Activity for
the given constraints for a new wo ()

purpose(0,1)

Example ofl Making a scarecrow ]

control of purpose
pest animals l!' (0.1) ACtIVIty for
Making_a_scarecrow’ 2 Vpurpose.Suppression_of_pest_animals suppression of
MVact.Make pest animals

MvYtarget.Scarecrow . rl-I)eeSSt
= urpose
Mvmeans. Physical_means 3NiMma ) ?O,lp)
means
(0,1) Activity for
suppression of pest
animals by physical
Mean
- means
Physical (0,1)
means

Chemical
Makinga N _2_> means

scarecrow’

Activity for
suppression of pest
animals by chemical

Purpose
(0,1)




Applying Agricultural Activity Ontology

[1] Seiji Koide, Theory and Implementation of Object Oriented Semantic Web Language,

Reason in g by Onto | Ogy PhD Thesis, Graduate University for Advance Studies, 2011

Infer the most feasible upper concept for

the given constraints for a new wo

Making_a_scarecrow’ 21 Vpurpose.Suppression_of_pest_animals
MYact.Make

Activity for
biotic control

Biotic control

purpose(0,1)

MVYtarget.Scarecrow

control of

purpose

MVYmeans. Physical_means

Activity for
suppression of
pest animals

gx(8): (get-form cavoc.aao: M LIED)
(owl:Class cavoc.aao:MH LIED
(rdfs:subClass0f
(owl:Restriction _:g1937
(owl:onProperty cavoc: )
(owl:allValuesFrom cavoc: { T BN )
(owl:Restriction _:g1938
(owl:onProperty cavoc:{1%)
(owl:allValuesFrom cavoc:{£3))
(owl:Restriction _:g1939
(owl:onProperty cavoc:{f4t)
(owl:allValuesFrom cavoc://L))
(owl:Restriction _:g1940 means
(owl:onProperty cavoc: T-E)
(owl:allValuesFrom cavoc: M TEL)))
(rdfs:1label "\"HAHL{ED\"0ja")
(cavoc:yomi "\"M/PLDL H\"eja"))
gx(9): (refine-abstraction-frof
cavoc.aao: [P EIE R
#<node cavoc.aao: RN E ) I f th
gx(10): (get-form cavoc.aao:7) n erence WI
(owl:Class cavoc.aao:NH LIED
(rdfs:subClass0f cavoc.aao:JEMYi
(owl:Restriction _:g1937
(owl:onProperty cavoc: [Hf))
(owl:allValuesFrom cavoc: @ Hii#ilifil))
(owl:Restriction _:g1938
(owl:onProperty cavoc:{1#4)
(owl:allValuesFrom cavoc:{F%))
(owl:Restriction _:g1939
(owl:onProperty cavoc:{f%)
(owl:allValuesFrom cavoc:/»/A» L))
(owl:Restriction _:g1940
(owl:onProperty cavoc: J-f%)

purpose
(0,1)

Activity for
suppression of pest
animals by chemical

suppression of pest
animals by physical

(owl:allValuesFrom cavoc: W&m FBO))
(rdfs:1label "\"»/H L{ED\"eja")
(cavoc:yomi "\"HHLDL H\"eja"))

Making a
scarecrow

M aking_a_scarecrow 3 Y(purpose.Suppression_of_pest_animals
MYact.Make
MvYtarget.Scarecrow

Mvmeans.Physical _means)

MActivity_for_suppression_o f_pest_animals_by_physical_means




Future work

Addition and verification of hew words

Survey more documents and domains to collect words. By adding these words,
properties and their values will be verified and extended if necessary.

Generation of crop-specific ontologies

AAO can generate crop-specific ontologies by specifying values of “crop”
property. In order to complete these ontologies, concepts and properties may

be added. Crop ontology should be provided too.

AAO for Race
‘ Activity ,for H Activity for reaping

harvesting

Activity for rice Activity for rice reaping ‘

by combine

When crop property is “forage and manure

crop”

Activity for rice reaping ‘
by binder

When crop property Activity for rice reaping ‘

is “Race”, by hand AAO for forage and manure cr

e — .
‘ Activityjion }—{ Activity for wrap silage

harvesting

Lr700t vegetable

AAO for Root Vegetables

forage and manure crop

Agriculture Activity Ontology (AAO) L

.
Activity for . . Activity forric| rice Activity for rice reapil rice
. Activity for reaping
harvesting reaping by combine
fr nd manure cro ‘ Activity f s
Activity for wrap Sl|ag ° age @ d a P —{ ity Toneelreapl| SlEIEE
by binder
Activity for

Activity for digging %/r‘ft/ vegetable _{ Activity gzrhrali‘z reapii rice f harvectin Activity for digging
When crop property is “root
vegetable”




Summary

We proposed the ontology for agriculture activity and the vocabulary
based on it in order to increase interoperability among agriculture
management systems.

The ontology provides clear definition for concepts and hierarchy

among concepts, separation between names and concepts, and
functions to define complex concepts.

The ontology is defined with Description Logics so that logical inference
is provided.

Future work includes addition and verification of new words, generation
of crop-specific ontologies.

We will further apply our approach to crop, fertilizer, and agricultural
chemicals to extend the vocabulary.

C— IFommon Agricultural VOCabulary

http://cavoc.org/

CAVUG
Come

Agrcadtursl Veeatidary

Agriculture Activity Ontology (AAO) ver 1.10

= http://cavoc.org/aao/
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