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ABSTRACT

As the rapid growth in computer technology, agricultural informatization is becoming a powerful tool that
overcomes the weakness of conventional agriculture, and the agricultural expert system will be the impulsive factor
as well. The expert system of diagnosis for orchard pests and diseases developed in this paper is based on the
research in expert system, production rule reasoning, V\eb technology etc.,integrating the characteristic of pomology.
This system combines the knowledge framework of orchard pests and diseases diagnosis with expert system
technology, enabling the users to diagnose orchard pests and diseases, and acquire the related information and
controlstrategies of these pests and diseaseswhich has highly comprehensiveness and value in use. Using this system,
the level of prevention from diseases will be improved, so will the agricultural technology.It can also prevent or
reduce disaster losses, and then improve the economic, ecological and social benefits.
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INTRODUCTION

Recently, the expert system for agriculture devetbpapidly, which can be used to solve the laggaitsultation
problems in the agriculture [1]. At present in GChinhowever, the diagnosis, recognition and prewganti
technologiesof orchard pests and diseases areymaiphrtedby the agricultural technicians. Lackbeghnicians
method is limited since it is distributed and ngétematic, leading to that the knowledge are hardrtiit growers
to possess. Therefore,the expert system of diagfimsbrchard pests and diseases is developedpabsecultural
experts and to become a new service mode for migiigichnical staff in agriculture and guidancedarhards.

Since 1980s, agricultural information technologys leeen applied into all kinds of fieldsof agricuétuand the
agriculture expert system, as one of those teclgiedp has been applied widely [2-3]. In 1978, tbgearchers in
University of lllinois, USA developed the experssgm Plant/DS for soybean pests and diseases diaghn1983,
the researchers in Chiba University, Japan devdldgbCC — the expert system for tomato pests andadiss
diagnosis [4]. In China, there are several diagnegstems as well, such as the practical litchispgisgnosis expert
system developed by Horticultural Research IngtjtGuangxi Academy of Agricultural Sciences, thpegksystem
of grape rooting zone restriction precision cultd®veloped by ZhengpingXue et al. and the orchaethted
decision support system for pest control on applé pear developed by Shuhua Liu et al. [5-8]. Buise
technologies are not well-developed since theyt@respecific to be applied generally, so they niece developed
with pomology and agriculture.

This paperdesigns the reasoning rules for orchastispand disease diagnosis based on productiomeas®ning,
and implements the system using JavaScript and S€uer. Combining with pomology, this system uéifz
advanced computer theory and technology to effelstiimitate and assist experts to complete parthaif works.
Additionally, this system providestechnical guidarandservices for fruit growers via Internet. Tasearch in this
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paper implements the integration and innovationrahard pests and diseases and information tecgydbwilds a
modern expert system intelligent service platforsmmaell which can disseminate knowledge in orchagdtp and
diseases quickly, extensively and effectively. dsithis system can reduce disaster losses and theofiis
pesticides.The level of diagnosis and preventionpe$ts and diseases can be improved. Furthermor g
economic, ecological and social benefits will béadted.

EXPERIMENTALSECTION

Production RuleReasoning

The production rule reasoning can be formed asvi@! IF A THEN B (A— B), where A is the antecedent, used to
indicate whether production is available, B is augr of conclusion or consequent, which can be goénv
conditions in A are met [9, 10]. We present an gxano illustrate theproduction rule reasoning.

Problem: Given the rules: AB—C; A/AC—D; BAC—G; BAE—F; D—E. If A and B are known, how could we
get F?

Solution: We rewrite the rules above in the forrhpr@duction rule reasoning:
(1) IFAAND B THEN C;

(2) IFAAND C THEN D;

(3) IF BAND C THEN G;

(4) IF BAND E THEN F;

(5) IF D THEN E.

According to the problem, we see that A and B Batigle (1), and then we get C by executing rulg éhd get A, B
and C by updating the database. Then, we seeulleat?) and (3) are satisfied.According to thetetyg that rules in
the front execute first, we choose rule (2) to@eThen update the database and repeat such Bigpes(3), (5) and
(4) are executed successively, and we get F finBllg detailed process is shown in the Table 1.

Table 1. Reasoning process of production rules

Comprehensive database Rules can be triggered bRinlg triggered
A, B (D &)
A, B, C (2) (3 (2)
A, B, C, D (3) (5) (3)
A, B, C, D, G (5) (5)
A, B, C, D, G, E (4) (4)

The diagnosis service in our system is based 6cRHEN production rule reasoning, whose reasoningtigrship
can be described as: Select illness symptemSpecies of fruit trees>Diseased parts> Symptom description
->The results of the diagnostic reasoning. The proinigule is: IF Species of fruit trees AND IF Ohgm®sition
(Pest Genus) AND IFSymptom THENOTrchard pests asdadies. The system uses this production rule arid AN
operator to connect the input information from Webpage, and finally complete the process. Suirelyyis process,
no step should be ignored and the reasoning otarrd not be reversed as well, otherwise, the diatin results
would be affected.

The Design of the Database

Our system contains five tables:Users, Basic In&diom of Fruit Diseases,Basic Information of Fieésts, Picture
Information of Fruit Diseases and Picture Informatbf Fruit Pests. The relations between them hosvs in the
Figure 1.
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Basic Information of Fruit Pests

PK | FPID

FPName
FPXZ
FPPlant
FPZZ
FPRULE
FPFY

Inquiry

A 4

Picture Information of Fruit Pests

PK | FPPHid

FPName

File_path
File_pathl
File_path2
File_path3

Basic Information of Fruit Discases
PK | EDID
FDName
FDXZ
- FDPlant
Inquiry FDPlace
FDBYT
FDZZ
FDTJ
FDFY
Users
PK | userid
username .
password [———— Inquiry
email
question
respones
type
v
Picture Information of Fruit Discases
PK | FDPHid
Inqui FDName
auiry File_path
File_pathl
File_path2
File_path3

Overall Framework of the System
System Service

Figure 1: Data model diagram

This system has two services which are shown inrgig@: foreground and background management.
(1) Foreground management: Users can browse irgartterface after log in. Then they can inquirensoorchard
pests and diseases, browse pictures and diagndsénadiseases. Additionally, they can modify aedtore their

passwords.

(2) Background management: Only managers can Idgisninterface where they can modify and deletpiliar
users’ information. Whatever the basic informat@rpictures of orchard pests and diseases candedadeleted

and modified.
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Figure 2: Overall framework
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Logical Sructure of the System

Our system consistsof knowledge base, interfacatabdse and inference engine [11, 12]. First oftladl experts
load the knowledge into the database and the kmimeldase, and then users choose a certain fadhfidrence
engine will be used to match the knowledge basedatabase, andfinally it shows the result as fegldhmthe users.
This structure is depicted in the Figure 3.

Expert User

A A
User
System Interface Layer
7Y 2
A 4 A - )
‘ Knowledge Acquisition } 4 Inference Machine ‘ ‘ Queryan. other ‘ Logical
. func‘tlons Layer
\/\,r’
/ \
A / \

/ \
‘ Knowledge Base } ﬁ Database }7 Data
Layer

Figure 3:Logical structure
RESULTSAND DISCUSSION

The difficulty of the expert system is the obtamiand representation of knowledge, namely, howr¢ate basic
database and knowledge base logically. Obtainingyvedgeis the prerequisite of the constructionhaf expert
system, whereas the representation is the impopem{13]. The database we use consists of fiesa and their

relations are discussed above in details. The kebyd base consists of information table of pedtisliaaases and
their relations.

[Please select the column name to be queried: Please select the column name to be queried ~

|
Please enter the colunn value to be queried : Legendary Kuwana | Submit |
y|[|Pest ID Pest Name| Pest C:
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Veer Manszenent @ | [1/1] A record per page, 1 records totally Last ‘
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Figure 4: Results page of pest information query

This paper usesproduction rules to express the mokrowledge as the form “IF fact THEN result”. Aft
comprehensively collecting the knowledge about ardtpests and diseases, we store them into thbataaThen
based on “IF fact THEN result”, the system obtaims knowledge in depth and completes the buildihghe

knowledge. Finally, all the knowledge will be stdrénto the knowledge base, and the obtaining psodss
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completed.
This paper uses Eclipse and SQL Server to builéystem.

1. Foreground
Users can click “Foreground” in the front page itee the user login page. After login, user enteesforeground
management page for appropriate action.

(D Results of diseases and pests query module

The query includes: orchard diseases and pes@sgisecand their detailed and fuzzy queries resg¢tiThis paper
takes the detailed query of orchard diseases famele. First, users choose “FP Information Quetkign the
“Detailed Query”. Next, users input the informatiahich they want to inquiry and click the buttorutsnit”. The

result is shown in the Figure 4.

(2) Results of diseases and pests diagnostic module
The diagnosis includes orchard pests and orchaehsés diagnosis. This paper takes orchard disgiasg®sis as
an example. First, click “Diagnose FDP”. Then chedliagnose FD". The result is shown in the Figbire

Pests and Diseases of Fruit Tree \

9: Pear
3 Peach
Species of fruit trees:
~ Grape
FD Infornation Que} -
PP Information Quey 9 Dt
nfornation Que
Submit Reset
Diagnose EDP [+ E o)
Disguoss 1
Diagnose FE
Pictures of FI @
User Management
——

Figure5: Results page of disease infor mation diagnosis

Via continuous choosing and submission to narrogv shope of pests and diseases, users can get aratacc
diagnosis result finally.Users can get the resoftéruit pests and diseases from the diagnostiaildetincluding
name of pest or disease, hazard location, climlsatacteristics, prevention measures, picturesUsers can make
a choice about the information according to theinituation.

(3) Results of diseases and pests picture browsing module
The picture browser includes two parts: orchardspasd orchard diseases.

2. Background
Choose “Background” to login in as an administratddministrator can achieve the management of basic
information and pictures of fruit pests and disea3ée details are not shown here.

The prevention from orchard pests and diseases playitical role in the life cycle and managemahorchards,
which means a lot to prolong the life of orcharitgrease fruit harvest years, and improve the prtioln and

quality of orchards. Though expert system can pi@\preventioninformation in time, they are too $fi@¢o be

applied widely. In terms of this disadvantage, thégper provides orchard pests and diseases infommiat a wide
range, including 111 diseases’ information, 100tgéaformation, around 500 diseases’pictures afd pests’
pictures. Additionally, the system provides autcedadentification and recognition function of orctigsests and
diseases name, functions ofassistant diagnosisyseroquery, learning, strategy decision and foteets and
visualizedmanagement tools of information dissetiona diagnosis prevention and predictions. Thipgra
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improves thetimeliness and specific aim in the sefscontrolling orchard pests and diseases, arldeo$ecurity of
the fruits.

In the query mode, this system provides three fanstaccording to different levels of users: basedhe names of
pests and diseases, based on pictures of pestismabes, based on selection continually. Heres usa click or
type corresponding keywords to obtain the inforomatiwhich simplifies the operation. In addition tbhe

information about orchard pests and diseases irethdt of query, the system also provides the grgon methods.
What's more, this system will alert the users thferimation about prevention based on weather fetesince it is
highly related to the plants. The various methadsused above not only implement the agricultorahagement
scientifically with information technology, but algirive the development steadilyin the field oft@a planting,
not only improve the economic efficiency of fruitdiustry, but also stop pests and diseases in tines they occur.

The expert system in this paper has such advantaggslevel knowledge, with massive informatiomagtical,

systematic, reliable, fast and easy. AdditiondHg, expert system combiningwith pictures makesasilg accessible
to most people. By the virtue of software, thisteys promotesexperts’ diagnosis and control teclesghbout
orchard pests and diseases and improves sciemifimgement through the scientific and effectivéesygs Thus the
goal of good and effectiveprevention can be achi®®@sed onthe "prevention" ideas, this paper ugfesnation

technology to build preventive pestsand diseasesr@osystem, and promotes the information techgwlapplied

in the sustainable agriculture.

CONCLUSION

This paper designs an expert system of diagnosisréhard pests and diseases based on expert syst@ihuction
rule reasoning and Web technology. This system amesbknowledge framework of pests and diseasesdsig)
with expert system technology, making the users adiagnose the diseases and obtain related infasmatnd
prevention strategy through inquiring.Our systenil Wevelop the management of orchard pests andasise
scientifically with advanced information technologyprove the overall management level of orchaedtg and
diseases, bring the economic, ecological and sugitdl benefit, and make contributions to the depsient of
excellent, efficient and sustainable modernizatibagriculture.
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