PAGE  
8

Development of Spray Advisor

Progress Report NA-99-02

Prepared by

Daniel Twardus, Forest Health Protection, Morgantown, WV

John Ghent, Forest Health Protection, Asheville, NC

Jacques Regniere, Canada Forest Service, Quebec, Canada

Harold Thistle, Forest Health Technology Enterprise Team, Morgantown, WV

A whole range of computer-based tools is being developed in Canada and the US to assist IPM specialists in the delivery and quality control of pest control operations. Many of these are intended to perform complementary optimisation tasks such as timing, calibrating, guiding and monitoring spray operations and equipment. These tools include BioSIM, AgDISP, CALIBRATOR, STP, AGNAV, SAGA, and a host of in-house software or procedures being developed by USDA, FPL, SOPFIM, REMSpC and the province of Manitoba. There seems to be a general consensus that these tools should be integrated as much as possible under a user-friendly decision-support environment for the operational Pest Manager to use in the delivery of control operations.

The objectives of the system: 

To support decision-makers in the delivery and assessment (quality control) of forest pest management programs (monitoring, aerial spray), by performing the following tasks: 

1. Optimising spray block boundaries
 for homogeneous phenology (BioSIM)

2. Optimising spray timing for maximum efficacy (BioSIM)

3. Optimising spray parameters to minimise drift and maximise deposit (SAGA)

4. Optimising uniformity of deposit by flight line arrangement (multiple passes or offsetting) given current atmospheric conditions (RemSPEC optimization)

5. Optimising multiple-block flight plans (STP)

6. Allowing aircraft-computer upload/download of flight plans and flight logs (AGNAV-type data), including boom-on/boom-off and flow-rate control

7. Calculating efficacy and drift on the basis of deposit expected from flight log and weather data.

I. Underlying GIS system

1. Choice of a system

Most organisations dealing with forest pest management in North America currently use Arc/Info and/or ArcView, a less comprehensive if less expensive ESRI product. This commercial software has cornered a large proportion of the GIS market in North America and has become the standard. 

The North American Forest Pest Management community has already devoted much effort and expense in acquiring abilities, expertise and procedures centred on these products. It therefore seems natural to want to base an integrated system such as being contemplated here on this common denominator. There are two central issues concerning the use of ArcView as a basis for the development of Spray Advisor.

1.1 It is not clear how long, and to what extent ESRI intends to support further development or even to maintain ArcView and its scripting language, Avenue. ESRI has invested considerable resources in the development of a Windows interface for Arc/Info, called ArcMap, which is programmable in Visual Basic. While both platforms will access identical databases, software customising ArcView functionality may have an unacceptably limited life span.

1.2 Should ArcView be selected, as the GIS platform for SPRAY ADVISOR, there remains the issue of handling raster-based coverages. ArcView provides this capability through Spatial Analyst, an expensive add-on. In the current context envisaged for SPRAY ADVISOR, raster-based coverages would be linked primarily to BioSIM (input Digital Terrain Models and output phenological event maps). BioSIM handles these raster-based coverages (called Grids in Arc terminology) internally without recourse to third party software. Needs (other than BioSIM functions) with respect to Grids within the context of SPRAY ADVISOR include display and perhaps summary information (e.g., surface area tables). Spatial Analyst seems a hugely expensive tool for such simple purposes. There are three solutions to this dilemma, each with its pros and cons (including development constraints and costs):

1.2.1 Develop SPRAY ADVISOR assuming that Spatial Analyst will be available to users who need to integrate BioSIM functions within SPRAY ADVISOR. 

1.2.2 Use ShowMap, a member of the BioSIM software suite, to display, transform, analyse, import and export grids in SPRAY ADVISOR. Integration with ArcView could still be achieved by having ShowMap export Digital Terrain Models or BioSIM-generated Target Event Maps as

· geo-referenced IMAGES (which are suitable for display by ArcView) 

· shape files (contours)

ShowMap already has these capabilities

1.2.3 Develop SPRAY ADVISOR using BOTH approaches and let the user choose the appropriate method

2. Data types

Four basic data types should be handled by the GIS system of SPRAY ADVISOR:

2.1 Arc shapes files (Polygon and Vector coverages, Point data)

2.2 Grids (raster-based coverages). See discussion in 1.2

2.3 Geo-Referenced Images (backdrops)

2.4 Non-spatial (attribute) tables

3. Functionality

The basic GIS functions of SPRAY ADVISOR should include:

3.1 Display, overlay and querying of shapes files,  geo-referenced images and grids (the latter through Spatial Analyst or ShowMap)

3.2 Cutting-out (mask) operations and simple Boolean combinations of shape files or grids (AND, OR, NOT)

3.3 On-screen digitising (spray blocks)

3.4 Database access (attribute tables)

3.5 Import/Export of shape files, grids and images

3.6 Printing

3.7 Spatial Interpolation of Point data (Kriging, Spatial Regression, Inverse Distance…) to generate continuous coverages (grids)

3.8 Projection

4. Data bases

4.1 Forestry (stands, roads, hydrology, protected areas, airstrips etc…)

4.2 Insect survey data (defoliation, sample point data, pheromone trap catch etc.)

4.3 PROPS priority maps and/or spray-bloc boundaries

4.4 Flight path records downloaded from AGNAV-type equipment

4.5 Digital Terrain Models and BioSIM-generated Target Event Maps

4.6 Backdrop/Satellite images

II. Basic system architecture

In Figure 1, an architecture for SPRAY ADVISOR is proposed. This architecture recognises the independent nature of system components (BioSIM, SAGA, AgDISP, etc.), as well as the need to develop a system that will not be too intricately linked to the underlying GIS. 

We believe it would be well advised to develop an object-oriented communication protocol between SPRAY ADVISOR and the underlying GIS, so that the exact nature of this GIS becomes less critical. This will undoubtedly involve somewhat higher development costs than an ArcView-specific programming approach, but will provide more long-term stability with respect to ESRI development of its software.

A similar, object-oriented approach to communications between SPRAY ADVISOR and the DSS tools themselves could be adopted to facilitate maintenance when changes in the components occur. 

The SPRAY ADVISOR system functions can be divided in four groups: timing, spray-parameter and flight-plan optimisation, and flight control.

1. Timing

Efficacy is closely linked to timing, especially with short-lived stomach pesticides where stage-specific susceptibility is highly variable (e.g. Bt). Timing issues can be addressed by a simplified interface to the BioSIM system, called BabyBioSIM. A prototype of this software was developed in 1997-98 under contract with USDA Forest Service. Simplification implies reduced flexibility, but BabyBioSIM can be customised to address timing issues specifically for each model in BioSIM’s model base. 

Currently, models are available for Spruce budworm, Gypsy moth, Hemlock looper, Yellow-Headed sawfly, Mountain pine beetle, Spruce budmoth and Jack pine budworm. There is also a general-purpose degree-day accumulator. Cooke’s efficacy model for Bt against spruce budworm is also available. 

This module of SPRAY ADVISOR could perform three basic functions:

1.1 Partition spray blocs on the basis of phenological homogeneity on the basis of normal climate. Overlaying bloc boundaries on Target Event Maps (TEM) to allow on-screen digitising of more homogenous sub-blocs. 

1.2 Prediction of real-time seasonal development at landscape level to help determine bloc opening dates 

1.3 Simulation of efficacy using Cooke’s model, for users interested in optimal use of Bt against spruce budworm. Although this is not strictly a timing function, it is nevertheless under BioSIM control. There is a possibility that an equivalent to Cooke’s model for Gypsy moth can be developed in the near future.

2. Spray-parameter optimisation

Spray parameter optimisation is the realm of SAGA (Spray Advisor Genetic Algorithm, Potter, U. of Georgia). This software uses state of the art AI technology to optimise a wide array of equipment settings, looking for the best combination given the operational constraints specified by the user (aircraft, flight height and speed, swath spacing, flow rate, nozzle position, etc.). The objective function being optimised is a combination of minimum drift and maximum “efficacy”. Efficacy in SAGA is currently represented by deposit (amount and uniformity). Development is underway to replace these two quantities by a single value called “relative efficacy” that will take into account not only the amount of pesticide deposited per unit area and its uniformity, but also droplet sizes and density. This relative efficacy will rest on dose-response and mode-of-action information that is specific to pest/pesticide pairs.

SAGA obtains deposit and drift information resulting from various equipment settings through simulations by the AgDISP/FS model developed by the USDA.

SPRAY ADVISOR may also provide direct access to AgDISP/FS for users interested in running it.

3. Flight plan optimisation

There are two levels of flight plan optimisation: within bloc and between blocs. 

3.1 The first level of optimisation is concerned, like SAGA is, with maximising the uniformity of deposit while reducing drift outside the bloc. At this level, however, this is achieved not by varying equipment setting, but rather by offsetting or overlaying flight lines at the upwind edge of spray blocs in response to on the spot readings of weather conditions (wind speed and disection). This problem is being solved by software developed by Mickle (REMSpC), and should become a standard procedure in all aerial spray applications. This software also requires use of AgDISP/FS. It can also make very good use of data collected by the AIMMS system, which generates a vertical weather profile (air temperature, RH, wind speed and direction) upon which the AgDISP model bases its deposit/drift predictions.

3.2 The second level of flight plan optimisation is the old Travelling Salesman puzzle: what is the most efficient way (sequence) to spray a group of blocs so as to minimise the time spent travelling between blocs, to and from the airstrip for refuelling and reloading the spray tanks. Solutions are specific to any specific application task, on the basis of the size and geographical co-ordinates of blocs, and the position of airstrips/pesticide depots, and the within-bloc flight plan as determined in step 3.1.

4. Flight Control

Flight control is achieved by uploading (from computer to aircraft guidance system) flight plans and equipment settings. Flight control equipment and software is varied (e.g. AgNav). Flight control includes GPS guidance, automatic boom-on/boom-off, and speed-dependent flow rate controllers.

Flight data logs (aircraft position, height, speed, wind speed, air temperature, boom on/off status, flow rate) can be downloaded (from aircraft equipment to computer) for storage, display and analysis. 

SPRAY ADVISOR could use the flight data as input for the AgDISP/FS model, followed by relative efficacy calculations (part of the SAGA algorithm) to generate efficacy maps for each sprayed bloc. Such efficacy maps could constitute the basis of quality control (assessment) and support for re-spray decisions. 

III. System Development Issues

Several issues need to be addressed: who, how and when immediately come to mind…

1. Who

1.1 SPRAY ADVISOR : CFS-Quebec group
1.1.1 The task of integrating these DSS tools into a functional whole can be centred around the development of the SPRAY ADVISOR software itself. This will be done by the CFS-Quebec group, who will oversee the overall design of the system, coordinate development and design the object-oriented request modules or calling procedures for the component software, the user-interface (window system) and the database management infrastructure. The SPRAY ADVISOR development team would have the responsibility of harmonizing input/output between the components, and provide input interfaces (Dialogs, Menus, Wizards) as well as output windows (graphs, tables) for a hormonious look-and-feel (user friendliness).

1.1.2 The CFS_Quebec team could also serve as user-support group.

1.2 ArcView functionality : University of West Virginia

1.2.1 Avenue programming needed to support SPRAY ADVISOR requests for GIS services

1.2.2 Module for on-screen digitizing (spray-bloc boundaries)

1.3  BabyBioSIM : CFS-Quebec group…

1.3.1 Build simplified BioSIM interfaces for the various insect models, but in priority Spruce budworm and Gypsy moth

1.3.2 Link BabyBioSIM to SPRAY ADVISOR and ShowMap

1.4  SAGA (University of Georgia)

1.4.1 Provide adequate information on SAGA database structures and output formats to SPRAY ADVISOR development team

1.4.2 Develop Relative Efficacy module  – CFS-Quebec group. In collaboration with U. of G. and Milt Teske (AgDISP developer).

1.4.3 Integrate Relative Efficacy module into SAGA – U. of G.

1.5  AgDISP/FS – Milt Teske (under contract with USDA-FS). 

1.5.1 Harmonize input/Output should meet the needs of the Relative Efficacy module

1.5.2 Integrate input/output with SAGA

1.6 REMSpc Optimisation

REMSpC will supervise the integration of its algorithms for flight plan optimisation. 

1.7 Spray Treatment Planner (STP)

University of Georgia.

1.8 AgNAV and other navigation packages

Code for uploading flight plans into AgNAV and other navigational aids is already available (from GypsES programmers). Download software is also available from the same source.

IV. Progress to date

1. Interface for the spray model, AGDISP has been been designed and developed as a prototype by CFS.

2. Import/export of GPS flight line files for ARC View has been accomplished by West Virginia University.

3. Prototype of STP has been developed by the University of Georgia.

4. REMSpc has completed development of the spray optimization.
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Figure 1. Conceptual architecture of the SPRAY ADVISOR system. Items in light boxes are independent modules. Items in dark boxes are shared databases.
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� The Spray Advisor system may provide tools to digitise spray blocks on-screen, using various layers of geographically referenced information such as stand maps and entomological survey data. However, the determination of treatment priorities and selection of candidate forest stands for protection is beyond the scope of the system. For that purpose, Spray Advisor shall also offer seamless importing of protection priority maps and spray-block boundaries from other software (e.g., the SBW-DSS).








