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Abstract

This paperdescribeshearchitectureof the IntegratedPest
Managemen€&Expert System(IPMES) project that is being
developedby the Universityof OtagoandHortResearchThe
projectdevelopsandappliesnew learningtechniqueso build-
ing intelligentsystemsTheoverallintentionof this projectis
to developanadaptve decisionsupportsystemfor pestman-
agemenbasedninformationintegration.It will bedesigned
for useby ENZAFruit New Zealand(International\ENZA),
HortResearchpackhousegndthegrowers/orchardistthem-
sehes.

1.Introduction

The potentialbenefitsof applyingexpert systemgo inte-
gratedpestmanagemerntiasbeenidentifiedfor severalyears
(e.g. [8]). With theintroductionof IntegratedFruit Produc-
tion (IFP)to thepipfruit industryby ENZA andHortResearch
[10Q], theneedfor expertsystemtechnologyto supportits im-
plementatiorandusehasbeenhighlighted.

IFP emphasisesumanandervironmentalsafetyin acon-
tinually improving fruit productionsystem. It aimsto min-
imise the nggative impactsof agrichemicauseandtherefore
requiresan integratedsystemthat managesnformation for
therefinemenbf IFP pestmanagememecommendations.

The complec of pestsTable 1 which attack pipfruit or-
chardsin New Zealandhave beenmanagedhistorically by
calendeschedulesf broad-spectrurmsecticideapplications
but with theintroductionof IFP, anew level of complexity has
beenaddedto orchardoperations.

UnderlFP, growersarerequiredto justify all sprayappli-
cationsbasedon either pestphenologyor the levels of in-
sectpestsin their orchards. Wheninterventionis required,
it encourageshe useof selectve productswhich maximise
survival of beneficialspeciesgspeciallynaturalenemies.To
achieve theseobjectives, groversmustbe able to recognise
pestandbeneficialspeciesmonitorthe pestlevels,andmake
applicationsof the mostsuitablechemicalswhentheselev-
els exceedpredeterminedhresholds.Full recordkeepingis
essentiafor the succes®f the programme.The orchardists
managethis processedy dividing their orchardsinto man-
agemenblocks, often of a single cultivar, andtheseblocks
provide the basicsamplingunitsto which all datarelates.

PestGroup PestSpecies
Commonname Latin name

Leafrollers Lightbrovn applemoth | Epiphyas postvittana
Greenheadekbafroller Planotortrix excessana

Planotortrix octo
Brownheadedeafroller | Ctenopseustisherana
Ctenopseustis obliquana

Fruitborers | Codlingmoth Cydiapomonella

Cutworms Noctuid Graphania mutans

Scaleinsects | SanJosescale Quadraspidiotus perniciosus
Oystershelkcale Quadraspidiotus ostreaeformis
Greedyscale Hemiberlesia rapax
Lataniascale Hemiberlesia lataniae
Oleanderscale Aspidiotus nerii
Musselscale Lepidosaphes ulmi

Mealybugs | Obsuremealylug Pseudococcus viburni
Citrophilusmealylug Pseudococcus calceolariae
Longtailedmealyhug Pseudococcus longispinus

Aphids Woolly appleaphid Eriosoma lanigerum

Midges Appleleafcurlingmidge | Dasineura mali

Mites Europearred mite Panonychus ulmi
Twospottedmite Tetranychus urticae

Table1: Themajorinsectandmite pestcomple attackingNew Zealand
apples

The developmentof expert systemsis timely to address
dataanalysis,nterpretationjntegration,andmanagemenf
thelargenumberof cultivarblocksthatconstitutethe lFP pro-
grammewithin New Zealand.This hasrisenfrom about500
blockson 88 orchardsn 1996/97(thefirst yearof implemen-
tation) to about5300blocksover 700 orchardsin the 1998-
99 seasonWith increasindruit industrycommitmento IFP,
thereis the potentialfor ongoingdatamanagemenof over
10,000blocksperannumwhenlFP if fully implementedoy
2001. HortResearclplaysa key role in the managemenrand
analysisof the IFP datawhich benefitsboththe growersand
ENZA itself.

Although thereare several IFP databasethat exist, they
areacombinatiorof hardcojy andelectronicepositoriesvith
few linkagesbetweerthem. It is the objective of the IPMES
to integratethesedataset@ndprovide decisionsupportat all
levelsfrom the orchardistgo IFP programmenanagement.

The architectureof the IPMES is being designedto be
flexible, adaptto the users requirementsableto be extended
at alater date,andincorporatethe wishesof the peoplewho
will be eventually using this system. In the following sec-
tions,eachcomponenbf the IPMESwill bedescribedn de-



tail finishingwith adiagramof the overall system

2.General Architecture of a Adaptive Agent Based Dis-
tributed Expert System

Traditionally the architectureof corventionalexpert sys-
temshada fixed structureof modulesanda fixed rule base.
Althoughthey weresuccessfuin very specificareasthis par
ticular architectureresultedin little or no flexibility for the
expertsystemto adaptto the changesequiredby the useror
theenvironmentin whichthe expertsystemoperated.
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Figurel: A block diagramof anon-lineadaptve expertsystem.

To addresghesedeficiencieswe proposean Intelligent
Agent-BasedExpertSystem(AGES)that consistof a series
of moduleswhich areagentbasedandgeneratedon thefly”
asthey are needed. Figure 1 shavs a generalarchitecture
of an AGESthatis underdevelopment. The User specifies
theinitial problemparameterandtaskto be solved. Intel-
ligent agentsthen createModules that may initially have no
rulesin them or may be setup with rulesfrom the Expert
KnowledgeBase. The Modulesthencombinethe ruleswith
the Datafrom the Environmentto form the Expert System.
The Modules are thentrainedwith the Data from the Envi-
ronment. The rules may be extractedfor later analysis,or
aggregjatedandre-insertednto new Modules for re-training
or testing. Oncethe Modules have beentrained, they are
testedwith new Data from the Environment and the results
extracted. Thesethenform the solutionto the problemand
may be further interpretedby anotherset of Modules. The
Modules will dynamicallyadapttheir rulesetasthe erviron-
mentchangessincethe numberof rulesis dependenobn the
datathatis beingpresentedo the Module. Modules(agents)
aredynamicallycreated updatedand connected.They will
be destrgyedif necessarat a later stageof the operationof
theIES. This generalarchitecturdor anadaptve expertsys-
temhasbeenappliedto the problemof orchardmanagement
andis referredto asthe IPMES.

3.Sour ces of I nformation

To understandully how the IPMES is to function, one
mustbecomeawareof anumberof importantsourceof data
thatarerequiredto implementa systemof this type. Figure
2 containstheinformationflow of the pestmanagemendata
aboutthe fruit from orchardto packhousdo ENZA thatis
usedin the decision-makingrocess.
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Figure?2: informationflow of the pestmanagemerdata

Startingat the Grower (G) information at either the or-
chardor cultivar (cv) block level is recordedon spraydeci-
sionsmadethroughouthe season.e. the pestmonitored the
justificationsfor sprayingthechoiceof productused andthe
dateof its application.This informationis suppliedto ENZA
asthegrower’s PestControlrecords(PCR)which may affect
decisionsaboutthe applesthat are producedby the orchard,
suchasthe destinationmarket overseas.In additionto the
ENZA processeghepackhous@ackingaGrower’sfruit also
makesa HarvestAssessmenf thefruit quality by recording
defectsencountereduringpacking.This informationis then
passedackto the Grower and can influencethe decisions
madeon sprayingfor the next season.

TheseHarvestAssessmentarepartof the Quality Assur
ance(QA) andQuality Control (QC) of eachCultivar Block.
Pestmonitoring and PCR information collectedby ENZA,
andfruit defectdatafrom the packhouses;anthenbe used
by ENZA andHortResearcho refinethe thresholdgor the
IFP thresholdghat the orchardistawill usefor the next sea-
son.

Of interestto the IPMES teamare four specificsources
of datathat are (1) primary determinantof whento spray
thefruit and/or(2) recordsof whatwasappliedandits effec-
tivenessThesearetherecordsfrom WeatherStation,PCRS,
PestMonitoring, andPestStatusat harest.



4.The Knowledge Base for the IPMES

Making decisionson whento sprayandwith what pesti-
cide aredefinedby the ENZA-IFP manualdevelopedin col-
laborationwith HortResearch.Containedin this document
is detailedinformationon what peststhe growersshouldbe
awareof, their descriptionandwhatpesticideto spraybased
on the time of the seasorand the numbersof a given pest
specieshave beenfoundin trapsor on eitherthe fruit or the
trees. Two importantissuesaffecting the IPMES are con-
tainedin this manual:

1. The decisionsthat are madeare not just basedon in-
formationrecordedaboutthe currentseasonbut influ-
encedvy certainparametersbtainedrom theprevious
seasonmostimportantly the harestassessment.

2. Thethresholdghatarein thelFP manualarenotneces-
sarily groundedon the analysisof the informationac-
quiredover the pasttwo yearsbut basedon heuristics
which translateto the valuescontainedon the docu-
ment. The IPMES could provide valuableinformation
to ENZA abouthow to alter the valuesbasedon the
processingf the expertsystem.

To modeltheserulesin anexpertsystenmrequiresthatthe
thresholdsghemselesin eachrule, which are operatedat a
regional or nationallevel, can be modified to adaptto the
changesn the orchards pestmanagemenperformancever
time. Theuseof afuzzy rule basewith adaptve membership
functionsthatarealteredby evolving neuralnetworkswould
provide onesolutionwhich have alreadybeenusedin [2]. In
this way the thresholdswvould betailoredto New zealandor-
chardsor a particularregion by automaticallymodifying the
thresholdssnew informationaboutthepestlevelsareknown
nationally or regionally. Techniquessimilar to this have al-
readybeenappliedto createadaptve intelligentinformation
systemg®6, 4, 5].

5.The Functionality of the IPMES

One of the prime requisitesof the IPMES is the ability
to flexible in its decision-makingapabilitiesto adaptto the
varioustypesof peoplethat will be usingthe IPMES. This
formedthe basisof thethreemain stageof its functionality:

1. Theability to visualisethe dataaboutthe orchardover
time basedninformationcontainedn the databaser
to accesgastrecordsof the orchardfor a "What If”
scenaridbasedanalysis. This would demonstratéow
alteringthethresholdsvould affect the sprayingof the
pesticideandin turn indicateprojectedpestdamagen
the orchard. This stageis to be purely on decisions
inferredfrom thefactscontainedn the database.

2. Thenext level would be decision-basedupportof the
assessedisk of the insect presencewithin the crop.

This stageis to bebasedn boththehistoricaldataand
currentdatastoredin the databas@boutthe orchard.

3. Thefinal level would be to recommendan applicable
treatmenf pesticideandusetherulesandthresholds
storein the rule baseof the IPMES that are initially
basednthe ENZA-IFP manual.

6.Architectureof the IPMES

Figure3 containghearchitecturef thelPMES.Thegrow-
ers,HortResearcrandENZA collectthedata.How it is col-
lecteddependson the type of datain question. The datais
thenstoredin the databaseeadyfor retrieval. Usersof the
IPMES would thenaccesghe databaseéhroughthe internet
to updatethe modelof their own orchardwhich will thenbe
usedfor the purposeof datavisualisationandthe assessment
of therisk of pestpresenceThe"intelligence” of the IPMES
will be embodiedn the ENZA-IFP knowledgebaseandthe
decisionsupportmodule. Thesetwo moduleswill have com-
ponentghatalterthethresholdgor therulesto accommodate
thetypeandpresencef insectswithin aparticularorchardso
thatthe appropriatespraydecisionscanbe made.
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Module Module Module
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year of orchard current data on Knowledge
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Orchard Details -Grower
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Figure3: Initial architectureof theIPMES

7.Description and Functionality of the Modules for the
IPMES

The IPMES containsthreedifferenttypesof modules:
# DataVisualisationModules

# Grower Advice Modules

# ThresholdmprovementModules

Theorchardistavould usethe DataVisualisatiorandGrower
Advice moduleswith ENZA and HortResearchutilising all
the Moduleswithin the IPMES.



7.1.Data Visualisation Modules or trap data. It alonecommunicatesvith the PestControl

databaseUserscanspecify:
Thesemodulessummarisehetrapcatchesptherpestmon-

itoring, hanestresults,and pestcontrol recordinformation 1. PestControlinformationfor eachorchard/blockby va-

for aparticularorchardblock. Eachsub-moduldor the Data riety.
VisualisationModuleis describecelow. 2. Comparedo previousyearon the sameblock/orchard
by variety.

7.1.1.Trap catch module

. ) . . ) ) , 7.2.Grower Advice Modules
Thefunctionalityof thismoduleis to visualisethe Codling

Moth (CM) andLeafRoller(LR) weeklytrap catchesandas- Thesemodulesprovide adviceto the grower with arange
sociatedspray applications. It communicatesvith the Pest  of optionsfor orchardpestmanagemerin termsof spraying,

Control ReCOfdandtrapCatChdF:ltabaseandthe IFP Manuf.;ll pesmonitoring,recensprayapp|icationsupdata)f database,
ruleset:Userscanspecifycatchinformationandsprayappli-  andharestdatereminders.

cationsfor:

1. Block/orchardversuscurrentthresholdn IFP manual. 7.2.1.1mmediate spray recommendation module

2. Comparedo previousyearonthe sameblock/orchard.
Thefunctionality of this moduleis to provide animmedi-

atesprayrecommendatiotto the grower (with options). The
modulewould needto registerthe currentneedsor recom-
mendationdor all pestsso that optionswould be presented
with arationalefor choice.lt communicatewith thedatabases

The functionality of this moduleis to visualisethe scale, ~ for pestcontrol,trap catch,pestmonitoring,pests-pesticides,
woolly appleaphid, mealyhug, appleleafcurling midge,Eu-  Witholding periods,harestrecords(from previous season),
ropeanred mite, and twospottedmite pestmonitoringdata ~ andIFP Manualruleset. Four situationsmay trigger the use
and associatedgprayapplication. It communicatesvith the ~ of themodule:

3. Comparedo thedistrict averagefor the sameyear

7.1.2.Pest monitoring module

PestControl Recordand pestmonitoring databasesnd the 1. After the userentersmonitoringor trapdata.
IFP Manualruleset. Userscan specify pestmonitoring and
sprayapplicationdor: 2. Wheneverthesysteninfersthatthedataindicatesspray

1. Block/orchardversuscurrentthresholdn IFP manual. needfor a particularblock. This would bew!thouten-
try of currentdatabut dueto pastdataentry(ies).
2. Comparedo previousyearonthe sameblock/orchard. . . .
P previousy 3. Wheneerthesysteminfersthatsprayings notrequired

3. Comparedo thedistrict averagefor the sameyeat on a block andthe reasonwhy. This would be without

entryof currentdatabut dueto pastdataentry(ies).

7.1.3.Harvest assessment data visualisation 4. Time of year(e.g. highly recommendedirst sprayfor
CM andLR, greentip oil for scale).
The functionality of this moduleis to visualisethe har

vestassessmerdatafrom a particularcultivar block or or- o _
chard/block It communicatewith thehanestdatabaseUsers ~ 7-2-2.Monitoring recommendation module

canspecify: . ) . . ) o
The functionality of this moduleis to provide monitoring

1. Harvestdatafor anindividual pestinsectcomparedo  ocommendationto the grower. The modulewould needto
yearly threshold- for thosepestswherehanestdata  peavareof currentneedsor recommendatiorfor all pestsso
is usedfor this purposee.g. mealylug, scale,woolly  hatoptionswould be presenteavith arationalefor choice. It
appleaphid. communicatewith thedatabasesf hanestrecordgfromthe

2. Comparedo previousyearonthesameblock/orchard. ~ Previous season)pests-pesticideestcontrol records trap

o catch,pestmonitoring,withholding periods,andIFP Manual

3. Comparedo thedistrictaveragefor the sameyear ruleset.Two situationscanoccurto invoke trappingandpest

monitoringrecommendations:

7.1.4.Pest Control Record visualisation over the season with- 1. Wheneer enteringthe systemdependingon time of
out monitoring or trap data yearandregion.
Thefunctionalityof thismoduleis to visualisepestcontrol 2. After aspecificactionhasbeentakenwhich requiresa

entriesover the seasomwithout the ntegrationof monitoring followup monitoring.



7.2.3.Recent spray applications module

The functionality of this moduleis to provide detailedin-
formation of the previous sprayapplicationsto a particular
orchard.Themodulewould needto beawareof currentneeds
/recommendationfor all pestssothatoptionswould be pre-
sentedwith a rationalefor choice. It communicatesvith the
databasefor pest-pesticideandpestcontrolsrecords.One
situationcan occurto invoke the Recentsprayapplications
module:

1. Whenererenteringthesystem.An optionwill beavail-
ableto checkthedateandproductof lastsprayapplied
for ary peston ary specifiedblock.

7.2.4.Reminder module

The functionality of thesemodulesis to remindthe user
thatcertaindatamustbeenteredn orderfor someof theother
modulesto function, especiallythoserelatingto the Grower
Advice packagelt communicatesvith the databasefor pest
controlrecords trap catchespestmonitoring,andwithhold-
ing periodswhich in turn influencesthe decisionsmadeby
the sprayapplicationmodules.Two situationscanoccurthat
invoke the Remindemodule:

1. Whenthe harwest datesfor eachvariety are missing
from thewithholdingperioddatabase.

2. A generalreminderto enterdataor messagedvising
whendatawaslastentered.

7.3.Improving the Thresholds Module

This moduleis intendedto provide detailedinformation
aboutwhat thresholdsto changein the IFP manual. It will
beinitially basedon atleastthe lastthreeyear's datasetsa-
tionally or regionally asthe improvementof the thresholds
requiresatleastthatmuchdatabeforea confidentrecommen-
dation could be made. The moduleis intendedto identify
trendsin the operationof the orchardsnationally or region-
ally, that differ from that recommendedby the currentlFP
ruleset.lt communicatesvith the IFP rulesettrapcatch,pest
monitoring,pestontrolrecord harestassessmenrdandpack-
housedatabasem orderto make the modifications. These
modificationswould normally be appliednationally (this is
the primary aim) or restrictedto a particulargrowing region
(this is the primary aim) or specificorchard(this is the sec-
ondaryaim). After operatingthe expert systemfor further
year it may be possibleto suggesthangesn individual or-
chards.Recommendationfr thresholdmodificationwould
normally happenat the end of the seasornwhenthe hanest
assessmeris completedand canbe selectedor a particular
district, orchard cultivarblock, or applevarietydependingn
thecriteriafor analysis.

8.Preliminary design and I mplementation | ssues

To developsuchanagentbasedistributedexpertsystem
requiresmary technologiego be combinedto form the sys-
tem. At presentlava [9] is goingto be usedto implement
the systemwith the Voyagerdistributed basedarchitecture
[7] usedasthe meansfor controlling the variousagentshat
would be createdo performthe taskswithin the IMPES. At
the heartof the inferenceenginefor the IPMES, a combina-
tion of theFUNN[1], EFUNN[3], andtheJava ExpertSystem
Shell(Jesswill beused.

The developmentof the IPMES will be alonga modular
designwherebymoduleswill becreatecandaddedovertime
to satisfyall the functionality of the systemdescribed.This
meansthat a systemwith minimal functionality can be de-
ployed whilst the othermodulesare beingdevelopedin par
allel.

9.Plansfor testing the system

Oncetheinitial prototypehasbeendeveloped,it will be
deployed initially for use by HortResearcHor testingthen
usedon a subsetof the orchardsthat have adoptedthe IFP
programméor refinemenbf the systemitself.

10.Conclusion

Thispapethasdescribedheinitial architecturdor anadap-
tive agent-basedistributed expert systemfor pestmanage-
mentknown asIPMES. The objective of IPMES is to sup-
portthe orchardistslecisionson managingheir orchardand
in turn improve fruit productionin New Zealandorchards.
ThelPMESwill useacombinationof connectionisandrule-
basedechniqueshatarecontrolledusingadistributedagent-
basedarchitecture.
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