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Abstract

Thispaperdescribesthearchitectureof theIntegratedPest
ManagementExpert System(IPMES) project that is being
developedby theUniversityof OtagoandHortResearch.The
projectdevelopsandappliesnew learningtechniquesto build-
ing intelligentsystems.Theoverall intentionof thisprojectis
to developanadaptivedecisionsupportsystemfor pestman-
agementbasedoninformationintegration.It will bedesigned
for useby ENZAFruit New Zealand(International)(ENZA),
HortResearch,packhouses,andthegrowers/orchardiststhem-
selves.

1.Introduction

Thepotentialbenefitsof applyingexpertsystemsto inte-
gratedpestmanagementhasbeenidentifiedfor severalyears
(e.g. [8]). With the introductionof IntegratedFruit Produc-
tion (IFP)to thepipfruit industryby ENZA andHortResearch
[10], theneedfor expertsystemtechnologyto supportits im-
plementationandusehasbeenhighlighted.

IFPemphasiseshumanandenvironmentalsafetyin acon-
tinually improving fruit productionsystem. It aimsto min-
imisethenegative impactsof agrichemicaluseandtherefore
requiresan integratedsystemthat managesinformation for
therefinementof IFP pestmanagementrecommendations.

The complex of pestsTable 1 which attackpipfruit or-
chardsin New Zealandhave beenmanagedhistorically by
calenderschedulesof broad-spectruminsecticideapplications
but with theintroductionof IFP, anew levelof complexity has
beenaddedto orchardoperations.

UnderIFP, growersarerequiredto justify all sprayappli-
cationsbasedon either pestphenologyor the levels of in-
sectpestsin their orchards.When interventionis required,
it encouragesthe useof selective productswhich maximise
survival of beneficialspecies,especiallynaturalenemies.To
achieve theseobjectives,growersmustbe able to recognise
pestandbeneficialspecies,monitorthepestlevels,andmake
applicationsof the mostsuitablechemicalswhentheselev-
els exceedpredeterminedthresholds.Full recordkeepingis
essentialfor the successof the programme.The orchardists
managethis processesby dividing their orchardsinto man-
agementblocks,often of a singlecultivar, andtheseblocks
providethebasicsamplingunitsto which all datarelates.

PestSpeciesPestGroup
Commonname Latin name

Leafrollers Lightbrown applemoth Epiphyas postvittana
Greenheadedleafroller Planotortrix excessana

Planotortrix octo
Brownheadedleafroller Ctenopseustis herana

Ctenopseustis obliquana
Fruit borers Codlingmoth Cydiapomonella
Cutworms Noctuid Graphania mutans
Scaleinsects SanJosescale Quadraspidiotus perniciosus

Oystershellscale Quadraspidiotus ostreaeformis
Greedyscale Hemiberlesia rapax
Lataniascale Hemiberlesia lataniae
Oleanderscale Aspidiotus nerii
Musselscale Lepidosaphes ulmi

Mealybugs Obsuremealybug Pseudococcus viburni
Citrophilusmealybug Pseudococcus calceolariae
Longtailedmealybug Pseudococcus longispinus

Aphids Woolly appleaphid Eriosoma lanigerum
Midges Appleleafcurling midge Dasineura mali
Mites Europeanredmite Panonychus ulmi

Twospottedmite Tetranychus urticae

Table1: Themajor insectandmite pestcomplex attackingNew Zealand
apples

The developmentof expert systemsis timely to address
dataanalysis,interpretation,integration,andmanagementof
thelargenumberof cultivarblocksthatconstitutetheIFPpro-
grammewithin New Zealand.This hasrisenfrom about500
blockson88orchardsin 1996/97(thefirst yearof implemen-
tation) to about5300blocksover 700 orchardsin the 1998-
99season.With increasingfruit industrycommitmentto IFP,
thereis the potentialfor ongoingdatamanagementof over
10,000blocksperannumwhenIFP if fully implementedby
2001.HortResearchplaysa key role in themanagementand
analysisof theIFP datawhich benefitsboththegrowersand
ENZA itself.

Although thereareseveral IFP databasesthat exist, they
areacombinationof hardcopy andelectronicrepositorieswith
few linkagesbetweenthem. It is theobjective of theIPMES
to integratethesedatasetsandprovide decisionsupportat all
levelsfrom theorchardiststo IFP programmemanagement.

The architectureof the IPMES is being designedto be
flexible, adaptto theuser’s requirements,ableto beextended
at a laterdate,andincorporatethewishesof thepeoplewho
will be eventuallyusing this system. In the following sec-
tions,eachcomponentof theIPMESwill bedescribedin de-
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tail finishingwith adiagramof theoverall system

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

Traditionally the architectureof conventionalexpert sys-
temshada fixed structureof modulesanda fixed rule base.
Althoughthey weresuccessfulin veryspecificareas,thispar-
ticular architectureresultedin little or no flexibility for the
expertsystemto adaptto thechangesrequiredby theuseror
theenvironmentin which theexpertsystemoperated.
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• Images
• Time series data

Adaptive
Learning

Repository of  modules

• Data Transformation
• Neural Networks
• Fuzzy Logic
• Genetic Algorithms
• EFuNNs
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Figure1: A blockdiagramof anon-lineadaptive expertsystem.

To addressthesedeficiencies,we proposean Intelligent
Agent-BasedExpertSystem(AGES)thatconsistsof a series
of moduleswhich areagentbasedandgenerated“on thefly”
as they are needed. Figure 1 shows a generalarchitecture
of an AGESthat is underdevelopment.The User specifies
the initial problemparametersandtask to be solved. Intel-
ligent agentsthencreateModules that may initially have no
rules in them or may be set up with rules from the Expert
KnowledgeBase.TheModulesthencombinetheruleswith
the Data from the Environmentto form the ExpertSystem.
The Modules are thentrainedwith the Data from the Envi-
ronment. The rules may be extractedfor later analysis,or
aggregatedandre-insertedinto new Modules for re-training
or testing. Once the Modules have beentrained, they are
testedwith new Data from the Environment and the results
extracted. Thesethenform the solution to the problemand
may be further interpretedby anothersetof Modules. The
Modules will dynamicallyadapttheir rulesetastheenviron-
mentchangessincethe numberof rulesis dependenton the
datathat is beingpresentedto theModule. Modules(agents)
aredynamicallycreated,updatedandconnected.They will
be destroyed if necessaryat a later stageof the operationof
theIES.This generalarchitecturefor anadaptive expertsys-
temhasbeenappliedto theproblemof orchardmanagement
andis referredto astheIPMES.

3.Sources of Information

To understandfully how the IPMES is to function, one
mustbecomeawareof anumberof importantsourcesof data
thatarerequiredto implementa systemof this type. Figure
2 containstheinformationflow of thepestmanagementdata
aboutthe fruit from orchardto packhouseto ENZA that is
usedin thedecision-makingprocess.

Orchard Fruit                       Packing

Grower
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Pest Monitoring (G)

Spray Decisions

Pest Control
Record(G)

ENZA
Pest Control Record

Select:
          USA or EU

or Reject
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Harvest
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- Totals Ctns.
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- Reject Analysis

of 2 cartons.

Sector

- Refinements
- Thresholds
- Review

Figure2: Informationflow of thepestmanagementdata

Startingat the Grower (G) information at either the or-
chardor cultivar (cv) block level is recordedon spraydeci-
sionsmadethroughouttheseasoni.e. thepestmonitored,the
justificationsfor spraying,thechoiceof productused,andthe
dateof its application.This informationis suppliedto ENZA
asthegrower’sPestControlrecords(PCR)which mayaffect
decisionsaboutthe applesthatareproducedby the orchard,
suchas the destinationmarket overseas.In addition to the
ENZA processes,thepackhousepackingaGrower’sfruit also
makesaHarvestAssessmentof thefruit qualityby recording
defectsencounteredduringpacking.This informationis then
passedback to the Grower and can influencethe decisions
madeonsprayingfor thenext season.

TheseHarvestAssessmentsarepartof theQuality Assur-
ance(QA) andQuality Control(QC) of eachCultivar Block.
Pestmonitoring and PCR information collectedby ENZA,
andfruit defectdatafrom the packhouses,canthenbe used
by ENZA andHortResearchto refinethe thresholdsfor the
IFP thresholdsthat the orchardistswill usefor the next sea-
son.

Of interestto the IPMES teamare four specificsources
of datathat are (1) primary determinantsof when to spray
thefruit and/or(2) recordsof whatwasappliedandits effec-
tiveness.Thesearetherecordsfrom WeatherStation,PCR’s,
PestMonitoring,andPestStatusat harvest.
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4.The Knowledge Base for the IPMES

Making decisionson whento sprayandwith what pesti-
cidearedefinedby theENZA-IFP manualdevelopedin col-
laborationwith HortResearch.Containedin this document
is detailedinformationon what peststhe growersshouldbe
awareof, their description,andwhatpesticideto spraybased
on the time of the seasonand the numbersof a given pest
specieshave beenfound in trapsor on eitherthe fruit or the
trees. Two important issuesaffecting the IPMES are con-
tainedin this manual:

1. The decisionsthat aremadearenot just basedon in-
formationrecordedaboutthecurrentseason,but influ-
encedby certainparametersobtainedfrom theprevious
season,mostimportantly, theharvestassessment.

2. Thethresholdsthatarein theIFPmanualarenotneces-
sarily groundedon the analysisof the informationac-
quiredover the pasttwo yearsbut basedon heuristics
which translateto the valuescontainedon the docu-
ment.TheIPMEScouldprovide valuableinformation
to ENZA abouthow to alter the valuesbasedon the
processingof theexpertsystem.

To modeltheserulesin anexpertsystemrequiresthat the
thresholdsthemselves in eachrule, which areoperatedat a
regional or national level, can be modified to adaptto the
changesin theorchard’spestmanagementperformanceover
time. Theuseof a fuzzy rule basewith adaptivemembership
functionsthatarealteredby evolving neuralnetworkswould
provideonesolutionwhich havealreadybeenusedin [2]. In
this way thethresholdswould betailoredto New zealandor-
chardsor a particularregion by automaticallymodifying the
thresholdsasnew informationaboutthepestlevelsareknown
nationallyor regionally. Techniquessimilar to this have al-
readybeenappliedto createadaptive intelligent information
systems[6, 4, 5].

5.The Functionality of the IPMES

One of the prime requisitesof the IPMES is the ability
to flexible in its decision-makingcapabilitiesto adaptto the
varioustypesof peoplethat will be using the IPMES. This
formedthebasisof thethreemainstagesof its functionality:

1. Theability to visualisethedataabouttheorchardover
timebasedon informationcontainedin thedatabaseor
to accesspastrecordsof the orchardfor a ”What If”
scenariobasedanalysis.This would demonstratehow
alteringthethresholdswould affect thesprayingof the
pesticideandin turn indicateprojectedpestdamagein
the orchard. This stageis to be purely on decisions
inferredfrom thefactscontainedin thedatabase.

2. Thenext level would bedecision-basedsupportof the
assessedrisk of the insect presencewithin the crop.

Thisstageis to bebasedonboththehistoricaldataand
currentdatastoredin thedatabaseabouttheorchard.

3. The final level would be to recommendan applicable
treatmentof pesticideandusetherulesandthresholds
storein the rule baseof the IPMES that are initially
basedon theENZA-IFP manual.

6.Architecture of the IPMES

Figure3containsthearchitectureof theIPMES.Thegrow-
ers,HortResearch,andENZA collectthedata.How it is col-
lecteddependson the type of datain question. The datais
thenstoredin the databasereadyfor retrieval. Usersof the
IPMES would thenaccessthe databasethroughthe internet
to updatethemodelof their own orchardwhich will thenbe
usedfor thepurposeof datavisualisationandtheassessment
of therisk of pestpresence.The”intelligence”of theIPMES
will beembodiedin theENZA-IFP knowledgebaseandthe
decisionsupportmodule.Thesetwo moduleswill havecom-
ponentsthatalterthethresholdsfor therulesto accommodate
thetypeandpresenceof insectswithin aparticularorchardso
thattheappropriatespraydecisionscanbemade.

Data Collected by
-Grower
-HortResearch
-ENZA

Data
Visualisation

Module

Risk of Insect
Presence
Module

Decision
Support
Module

Orchard Details
Database

Data for current
year of orchard
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Historic plus
current data on
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Figure3: Initial architectureof theIPMES

7.Description and Functionality of the Modules for the
IPMES

TheIPMEScontainsthreedifferenttypesof modules:

� DataVisualisationModules

� GrowerAdviceModules

� ThresholdImprovementModules

TheorchardistswouldusetheDataVisualisationandGrower
Advice moduleswith ENZA andHortResearchutilising all
theModuleswithin theIPMES.
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7.1.Data Visualisation Modules

Thesemodulessummarisethetrapcatches,otherpestmon-
itoring, harvest results,andpestcontrol recordinformation
for a particularorchardblock. Eachsub-modulefor theData
VisualisationModuleis describedbelow.

7.1.1.Trap catch module

Thefunctionalityof thismoduleis to visualisetheCodling
Moth (CM) andLeafRoller(LR) weeklytrapcatchesandas-
sociatedsprayapplications. It communicateswith the Pest
ControlRecordandtrapcatchdatabases,andtheIFPManual
ruleset:Userscanspecifycatchinformationandsprayappli-
cationsfor:

1. Block/orchardversuscurrentthresholdin IFP manual.

2. Comparedto previousyearon thesameblock/orchard.

3. Comparedto thedistrict averagefor thesameyear.

7.1.2.Pest monitoring module

The functionalityof this moduleis to visualisethe scale,
woolly appleaphid,mealybug, appleleafcurling midge,Eu-
ropeanred mite, and twospottedmite pestmonitoring data
andassociatedsprayapplication. It communicateswith the
PestControl Recordandpestmonitoringdatabasesand the
IFP Manualruleset. Userscanspecifypestmonitoringand
sprayapplicationsfor:

1. Block/orchardversuscurrentthresholdin IFP manual.

2. Comparedto previousyearon thesameblock/orchard.

3. Comparedto thedistrict averagefor thesameyear.

7.1.3.Harvest assessment data visualisation

The functionality of this module is to visualisethe har-
vestassessmentdatafrom a particularcultivar block or or-
chard/block.It communicateswith theharvestdatabase.Users
canspecify:

1. Harvestdatafor an individual pestinsectcomparedto
yearly threshold- for thosepestswhereharvest data
is usedfor this purposee.g. mealybug, scale,woolly
appleaphid.

2. Comparedto previousyearon thesameblock/orchard.

3. Comparedto thedistrict averagefor thesameyear.

7.1.4.Pest Control Record visualisation over the season with-
out monitoring or trap data

Thefunctionalityof thismoduleis to visualisepestcontrol
entriesover theseasonwithout theintegrationof monitoring

or trap data. It alonecommunicateswith the PestControl
database.Userscanspecify:

1. PestControlinformationfor eachorchard/blockby va-
riety.

2. Comparedto previousyearon thesameblock/orchard
by variety.

7.2.Grower Advice Modules

Thesemodulesprovide adviceto thegrower with a range
of optionsfor orchardpestmanagementin termsof spraying,
pestmonitoring,recentsprayapplications,updateof database,
andharvestdatereminders.

7.2.1.Immediate spray recommendation module

Thefunctionalityof this moduleis to provideanimmedi-
atesprayrecommendationto thegrower (with options).The
modulewould needto register the currentneedsor recom-
mendationsfor all pestsso that optionswould be presented
with arationalefor choice.It communicateswith thedatabases
for pestcontrol,trapcatch,pestmonitoring,pests-pesticides,
witholding periods,harvest records(from previous season),
andIFP Manualruleset.Four situationsmay trigger theuse
of themodule:

1. After theuserentersmonitoringor trapdata.

2. Wheneverthesysteminfersthatthedataindicatesspray
needfor a particularblock. This would bewithout en-
try of currentdatabut dueto pastdataentry(ies).

3. Wheneverthesysteminfersthatsprayingisnotrequired
on a block andthereasonwhy. This would bewithout
entryof currentdatabut dueto pastdataentry(ies).

4. Time of year(e.g. highly recommendedfirst sprayfor
CM andLR, greentip oil for scale).

7.2.2.Monitoring recommendation module

Thefunctionalityof this moduleis to provide monitoring
recommendationsto thegrower. Themodulewould needto
beawareof currentneedsor recommendationsfor all pestsso
thatoptionswouldbepresentedwith arationalefor choice.It
communicateswith thedatabasesof harvestrecords(from the
previous season),pests-pesticides,pestcontrol records,trap
catch,pestmonitoring,withholdingperiods,andIFPManual
ruleset.Two situationscanoccurto invoke trappingandpest
monitoringrecommendations:

1. Whenever enteringthe systemdependingon time of
yearandregion.

2. After a specificactionhasbeentakenwhich requiresa
followupmonitoring.
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7.2.3.Recent spray applications module

Thefunctionalityof this moduleis to provide detailedin-
formation of the previous sprayapplicationsto a particular
orchard.Themodulewouldneedto beawareof currentneeds
/recommendationsfor all pestssothatoptionswould bepre-
sentedwith a rationalefor choice. It communicateswith the
databasesfor pest-pesticidesandpestcontrolsrecords.One
situationcan occur to invoke the Recentsprayapplications
module:

1. Wheneverenteringthesystem.An optionwill beavail-
ableto checkthedateandproductof lastsprayapplied
for any peston any specifiedblock.

7.2.4.Reminder module

The functionality of thesemodulesis to remindthe user
thatcertaindatamustbeenteredin orderfor someof theother
modulesto function, especiallythoserelatingto theGrower
Advicepackage.It communicateswith thedatabasesfor pest
control records,trapcatches,pestmonitoring,andwithhold-
ing periodswhich in turn influencesthe decisionsmadeby
thesprayapplicationmodules.Two situationscanoccurthat
invoketheRemindermodule:

1. When the harvest datesfor eachvariety are missing
from thewithholdingperioddatabase.

2. A generalreminderto enterdataor messageadvising
whendatawaslastentered.

7.3.Improving the Thresholds Module

This moduleis intendedto provide detailedinformation
aboutwhat thresholdsto changein the IFP manual. It will
beinitially basedon at leastthelast threeyear’s datasetsna-
tionally or regionally as the improvementof the thresholds
requiresat leastthatmuchdatabeforeaconfidentrecommen-
dation could be made. The moduleis intendedto identify
trendsin the operationof the orchardsnationallyor region-
ally, that differ from that recommendedby the currentIFP
ruleset.It communicateswith theIFPruleset,trapcatch,pest
monitoring,pestcontrolrecord,harvestassessment,andpack-
housesdatabasesin orderto make the modifications.These
modificationswould normally be appliednationally (this is
theprimaryaim) or restrictedto a particulargrowing region
(this is the primary aim) or specificorchard(this is the sec-
ondaryaim). After operatingthe expert systemfor further
year, it maybepossibleto suggestchangeson individual or-
chards.Recommendationsfor thresholdmodificationwould
normally happenat the endof the seasonwhen the harvest
assessmentis completedandcanbeselectedfor a particular
district,orchard,cultivarblock,or applevarietydependingon
thecriteriafor analysis.

8.Preliminary design and Implementation Issues

To developsuchanagentbaseddistributedexpertsystem
requiresmany technologiesto becombinedto form thesys-
tem. At presentJava [9] is going to be usedto implement
the systemwith the Voyagerdistributed basedarchitecture
[7] usedasthemeansfor controlling the variousagentsthat
would becreatedto performthe taskswithin theIMPES.At
theheartof the inferenceenginefor the IPMES,a combina-
tion of theFuNN[1], EFuNN[3], andtheJavaExpertSystem
Shell(Jess)will beused.

The developmentof the IPMES will be alonga modular
designwherebymoduleswill becreatedandaddedover time
to satisfyall the functionality of the systemdescribed.This
meansthat a systemwith minimal functionality canbe de-
ployedwhilst theothermodulesarebeingdevelopedin par-
allel.

9.Plans for testing the system

Oncethe initial prototypehasbeendeveloped,it will be
deployed initially for useby HortResearchfor testingthen
usedon a subsetof the orchardsthat have adoptedthe IFP
programmefor refinementof thesystemitself.

10.Conclusion

Thispaperhasdescribedtheinitial architecturefor anadap-
tive agent-baseddistributedexpert systemfor pestmanage-
mentknown as IPMES. The objective of IPMES is to sup-
port theorchardistsdecisionson managingtheir orchardand
in turn improve fruit productionin New Zealandorchards.
TheIPMESwill useacombinationof connectionistandrule-
basedtechniquesthatarecontrolledusingadistributedagent-
basedarchitecture.
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