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Special Technology Development Program

New Project Proposal

PROJECT NUMBER: NA-2003-03

PROJECT TITLE: Spray Advisor Development

PROJECT STATUS : New

EXPECTED PROJECT DURATION :  2 years

EXPECTED COMPLETION DATE OF THE PROJECT (fiscal year): 04 

SUBJECT (This is a hierarchical table that helps us understand our financial investment.  Please indicate percentage of funding for all that apply; total percentage for numbers 1-6 should equal 100): 

	1. Total Suppression/Prevention Technology
	35
	
	2. Survey and Monitoring Technology
	10
	

	a. Total Biological Control

i. Microbial %

ii. Parasitoides %

iii. Synthetic hormones/pheromones %

iv. Other %
	
	%
	a. Advancements in Detection Technology 
	
	%

	v. 
	
	
	b. Landscape Level Assessment Technology

i. Data Visualization 
	10
	%

	b. Total Modeling

i. Pesticide (Insecticide) Application %

ii. Disturbance %

iii. Growth and Yield %

iv. Organism  %

v. Population %

vi. Terrain %
	15
	%
	c. Remote Sensing

i. Aerial %

ii. Hyperspectral %

iii. Satellite %
	
	%

	vii. 
	10
	
	d. Other


	
	%

	c. Genetic, Cultural and Silvicultural Innovations 

For Controlling Pest Species

i. Fire %

ii. Methyl Bromide Alternatives %

iii. Thinning/Regeneration Techniques and other Silvicultural Guidelines %

iv. Resistance, Screening, and Breeding %
	
	%
	3. Assessment Technology
	30
	

	v. 
	
	
	a. GIS %

b. Spatial Analysis % 

c. Landscape Analysis %

d. Decision Support % 

Risk and Hazard %

Expert Systems %
	10

20
	

	d. Pesticide Application (Spray) Technology

i. Equipment innovations %

ii. Methods and Guidelines %
	
	%
	4. Social Values
	%
	

	iii. 
	10
	
	5. Technology Transfer Innovations
	25
	

	e. Other


	
	%
	6. Other


	%
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STATUS OF SUBJECT SPECIES : native/non-native/non-native invasive

PROJECT OBJECTIVES : Development of an integrated pest management delivery, planning, training and assessment tool. A range of computer based tools have and are being developed in Canada and in the United States to assist pest management specialists in the delivery and quality control of aerial application treatments.  Many of these are intended to perform complementary optimization tasks such as timing of applications, spray modeling and drift assessment, aircraft guidance, and use of GIS operations to organize and implement large scale aerial application projects.  This project integrates developed tools – AGDISP (the Forest Service spray deposit and drift model), BioSIM (the Canadian Forest Service phenology model),and SAGA (a genetic algorithm developed by the University of Georgia, Center for Artificial Intelligence) using Windows-based object-oriented communication protocols with GIS compatibility. Development of a relative efficacy algorithm is also proposed as an enhancement to an already developed SAGA.  Overall project goals are to provide a software system used to assist in aerial application deposit and drift assessment (drift mitigation), improve efficacy through treatment timing, spray system optimization, and spray project logistical support. Other than work on a generic relative efficacy algorithm, no new model development is proposed. Only the integration, linkage, and communication of previously developed models is proposed.  This is a decision support system which will facilitate:

· seasonal and regional project planning. Phenology assessment for planning purposes, aircraft production capability assessment.

· Optimizing uniformity of spray deposit, drift mitigation, improved efficacy

· Flight file import/export

· Training

BRIEF DESCRIPTION OF PROJECT:  
What has been done:

· A design team is in place

Daniel Twardus – System design and operation

John Ghent – System design and operations, Spray Block sequencing operations

Harold Thistle – Spray model implementation

Jacques Regniere – System design, Design documents, programming, BioSIM

Milt Teske – Spray model design

Don Potter – decision support theory, SAGA

Jackie Strager – GIS application development, ARC VIEW extension

Bob Mickle – spray optimization, spray model applications

· A draft design document has been done through several planning meetings

· The spray model AGDISP is complete and has been tested. This was done independently of this project.

· A design document for relative efficacy has been completed.

· A spray block treatment planner (STP) has been developed as a prototype.

· The phenology model BioSIM is complete and has been tested. This was done independently of this project.

· SAGA, the Spray Advisor genetic algorithm has been constructed as a beta version to test feasibility.

· An ARC VIEW extension to import/export DGPS navigation flight files to all navigation system software is complete and has been tested

· Programming is 50% complete for component communication with GIS software allowing for seamless integration with ARC VIEW but not dependent upon it, import/export of spray block files, import/export of DEM files for phenology modeling, spray block selection for use with components

· A system interface (Visual C++) is in beta test though all components are not connected. At this point we just know we can do it.

FHP LEAD CONTACT(S) (FHP person submitting proposal):

Name
Affiliation (Office or Dept.)
Phone, E-mail, Fax
Daniel B. Twardus
FHP, NA
304-285-1545




dtwardus@fs.fed.us
John Ghent
FHP, R8

828-257-4328




jghent@fs.fed.us
FHP LEAD INVOLVEMENT (add lines as necessary):


Role

Time Commitment


Design,Testing,Implementation
20% - Twardus




20% - Ghent

PRINCIPAL INVESTIGATOR(S) (add lines as necessary):

Name
Affiliation (Office or Dept.)
Phone, E-mail, Fax

Jacques Regniere
Canadian Forest Service
418-648-5257

Don Potter
University of Georgia
706-542-0361

Harold Thistle
US Forest Service, FHTET
304-285-1574

Robert Mickle
REMSpc
519-632-5006

Jackie Strager
West Virginia University
304-293-4832

PRINCIPAL INVESTIGATOR(S) INVOLVEMENT (add lines as necessary):

Name
Role

Time Commitment

Regniere
System design, BioSIM,programming

20%

St.Amant
Programming


100%

Potter
Decision support


  5%

Ramyaa
Programming


 25%

Thistle
 Spray model development

  5%

Mickle
Spray model applications

  3%

Strager
ARC VIEW operations


 30%

COOPERATORS (contributing to, but not leading, the project) (add lines as necessary): 

Name
Affiliation (Office or Dept.)
Phone, E-mail, Fax

Milton Teske
Continuum Dynamics, Inc
609-538-0444

COOPERATOR INVOLVEMENT (add lines as necessary):

Name
Role

Time Commitment

       Teske
AGDISP development


5%

JUSTIFICATION :  This project integrates existing analytical methods; creates a platform for delivery of methods and technology; strengthens the use of available models and tools related to aerial application technology; improves the accessibility to analytical methods and tools; serves as a training platform; and, provides an opportunity to improve aerial application results. It is critical that at this juncture in forest management the FS cadre of operational spray managers have at their disposal state of the art tools to maximize efficacy and economy and to minimize unintended environmental impacts.  The proposed analytical system will provide a wealth of information ranging from spatial block layout, regional climatic analysis and suggested flight plans to droplet size distributions and spray aircraft libraries.  This scope is possible now because all of these tools independently exist.  This system brings them together in a coherent, approachable package.

URGENCY : The project addresses current interest in drift mitigation and improved aerial application efficacy.

NATIONAL FHP TECHNOLOGY DEVELOPMENT PRIORITY (check at least one and describe how proposed work addresses the priorities):  
Priority 1: __
Priority 2: __
Priority 3: __
Priority 4: _x_

TECHNICAL COMMITTEE DEVELOPMENT PRIORITY (check at least one and describe how proposed work addresses the priorities):  

Priority 1: __
Priority 2: __
Priority 3: _x_
Priority 4: __



Priority 5: __
Priority 6: __
Priority 7: __
Priority 8: __

SCOPE OF APPLICATION :  The application of Spray Advisor is currently being developed for gypsy moth insecticide applications, eastern spruce budworm insecticide applications, and herbicide applications.  Eastern US and eastern Canadian uses are driving system development but all aerial application projects in both Canada and the US can eventually be included.

RESEARCH BASIS :  

AGDISP – AGDISP predicts the motion of spray material released from aircraft, including the mean position of the material and position variance about the mean as a result of turbulent fluctuations, pointing toward a prediction of spray deposition and drift. The first computer model used by the Forest Service was the Forest Service Cramer Barry Grim(FSCBG). This model is based on Gaussian dosage models and droplet canopy penetration algorithms developed in conjunction with the U.S. Army.  AGDISP development subsequent to FSCBG included aircraft vortices effects. The Spray Drift Task Force in cooperation with the U.S. EPA uses AGDISP as its computational engine.

Teske M.E. and H.W. Thistle. 2002. ‘Atmospheric Stability Effects in Aircraft Near-Wake    Modeling’.  Journal of the American Institute of Aeronautics and Astronautics.  In Press.

Teske M.E., H.W. Thistle, A.J. Hewitt and I.W. Kirk. 2002. ‘Conversion of Droplet Size Distributions from PMS Optical Array Probe to Malvern Laser Diffraction’. Atomization and Sprays. In Press.

Allwine K.J., H.W. Thistle, M.E. Teske and J. Anhold. 2002. The Agricultural Dispersal Valley-Drift Spray Drift Modeling System Compared with Pesticide Drift Data. Environmental Toxicology and Chemistry. 21(5)

Thistle H.W., M.E. Teske and D.B. Twardus. May 2001. ‘Zeroing in on Forest Enemies’. Resource. American Society of Agricultural Engineers, Vol. 8 No. 5, pp. 7-8.

Potter W.D., W. Bi, D.B. Twardus, H.W. Thistle, M.J. Twery, J. Ghent and M.E. Teske.  2001.  ‘Handling the Back Calculation Problem in Aerial Spray Models Using a Genetic Algorithm’. Practical Applications of Artificial Intelligence Techniques. Eds. L. Jain and P. DeWilde, Kluwer Publishing, New York, NY.

Thistle H.W.  2000.  ‘The Role of Stability in Fine Pesticide Droplet Dispersion in the Atmosphere: A Review of Physical Concepts’.  Transactions of the American Society of Agricultural Engineers.  Vol. 43(6): 1409-1413.

Thistle H.W. and J.W. Barry. 2000. ‘Aerial Spraying’. Chapter 14, Mountain Meteorology Fundamentals and Applications. C. David Whiteman., Oxford University Press, New York, NY.

Teske M.E., H.W. Thistle and R.E. Mickle. 2000. ‘Modeling Finer Droplet Aerial Spray Drift and Deposition’. Applied Engineering in Agriculture, 16(4):351-357.

Teske M.E. and H.W. Thistle. 2000. ‘Droplet Size Scaling of Agricultural Spray Material by Dimensional Analysis’. Atomization and Sprays (10): 147-158.

Ammons R., H. Thistle and J. Barry. 2000. 'Optimized' Pesticide Application’. Journal of Agricultural Engineering Research (75): 155-166.

Teske M.E. and H.W. Thistle. ‘A Simulation of Release Height and Wind Speed Effects for Drift Minimization’.Transactions of the American Society of Agricuitural Engineers, Vol 42(3) 1999.

Teske M.E. and H.W. Thistle. ‘Comments on: A comparison of spray drift predictions to lidar data’. Agricultural and Forest Meteorology, 93: 283-285 1999.

Relative Efficacy – Relative Efficacy is proposed as an optimizing function in SAGA. The objective of SAGA is to determine the optimal values of unconstrained spray parameters and conditions that minimize off-target drift and maximize deposit. However, efficacy in many cases is not a simple function of droplet density. The objective of Relative Efficacy is replace (or add to) droplet density with a general purpose algorithm that calculates the relative efficacy of a spray using as inputs a description of dose-response curves, droplet sizes and distribution with the canopy or target area, and target surface areas.


Regniere, Jacques. Unpublished Design Document. Relative Efficacy as an Optimizing Function of Deposit in SAGA. 7/17/2000. Canadian Forest Service Report. Laurentian Forestry Centre, QC. Canada

BioSIM – This system has been developed in Canada and used in several jurisdictions as a tool to optimize the timing of sampling and spray operations with respect to insect development. A scaled down version of BioSIM, BabyBioSIM will be used in Spray Advisor. The concept of BabyBioSIM is a simplified interface replacing the complete BioSIM, with incorporation of map display capabilities.  BabyBioSIM will contain interpolation of weather data and the simulation of annual fluctuations in normals (temperature and precipitation). Several scientific publications pertaining to this system are in the literature:

Nealis. V., J. Régnière, D. Gray. 1999. Modeling seasonal development of the gypsy moth in a novel environment for decision support of an eradication program. Integrated Management and Dynamics of Forest Defoliation Insects, IUFRO Working Groups 7.03.06 and 7.03.07. Victoria, BC.

Régnière, J. 1996. A generalized approach to landscape-wide seasonal forecasting with temperature-driven simulation models. Environ. Entomol. 25: 869-881.

Régnière, J. & P. Bolstad. 1994. Statistical simulation of daily air temperature patterns in eastern North America to forecast events in insect pest management. Environ. Entomol. 23: 1368-1380.

Régnière, J. & V.G. Nealis. 2000. Modeling the probability of Gypsy moth establishment in new areas of North America on the basis of phenology. Phenology 2000 International Conference. Munich, Germany. October 2000.

Régnière, J. and A. Sharov. 1997. Forecasting Gypsy moth flight in the northeastern US with BioSIM. p. 99-103 in "Integrating Spatial information technologies for tomorrow". GIS-97 Conference Proceedings. February 18 1997, Vancouver BC.GIS-World Inc. 

Régnière, J. & A. Sharov. 1998. Simulating phenology over complex landcapes: a general approach. Int. Soc. Biometeorol. Symposium, Assoc. Amer. Geographers. Boston, MA. 25-29 March 1998.

Régnière, J. & A. Sharov. 1998. Phenology of gypsy moth, Lymantria dispar (Lepidoptera : Lymantriidae), flight and the effect of moth dispersal in heterogeneous landscapes. Internat. J. Biometeorology 41: 161-168.

Régnière, J. & A. Sharov. 1999. Simulating temperature-dependent processes at the sub-continental scale: Male gypsy moth flight phenology as an example. Internat. J. Biometeorol. 42: 146-152.

Régnière, J., B. Cooke & V. Bergeron. 1995. BioSIM: a computer-based decision support tool for seasonal planning of pest management activities. User’s manual. Can. For. Serv. Laurentian For. Cent. Info. Rep LAU-X-116. 

Régnière, J., D. Lavigne, R. Dickison & A. Staples. 1995. Performance analysis of BioSIM, a seasonal pest management planning tool, in New Brunswick in 1992 and 1993. Can. For. Serv. LAURENTIAN For. Cent. Info. Rep LAU-X-115. 

SAGA – AGDISP is used to predict the deposition of spray material released from an aircraft.  The prediction is based upon a set of input parameters: aircraft, block size, boom height, swath width, relative humidity, number and type of nozzles, nonvolatile fraction, temperature, and wind-speed. The goal in using AGDISP for spray planning is to arrive at a set of parameters that minimizes drift fraction, minimizes spray deposit variation across the swath width, and minimizes the difference between a desired droplet size and the predicted droplet size. In practical application, the user of AGDISP may not know what set of input parameters will generate an optimum result and the total combination of possible parameters generates a large search space. In order to avoid this combinatorial explosion in the parameter space and to more efficiently use AGDISP both in practical application and for training purposes, heuristic search techniques have been applied to get a near-optimal solution.  SAGA development has used both a simple genetic algorithm and neural network procedures.

Wu,L., D. Potter, K. Rasheed, J. Ghent, D. Twardus, H. Thistle, and M. Teske. Nature Inspired Heuristics in Aerial Spray Deposition Management. In press. Journal of Applied System Sciences. 2003.

Potter, W.D., D.Twardus, M.Twery, and M.Teske. 2000. A genetic algorithm aerial spray application optimzation. Proc. American Society of Agricultural Engineers. Milwaukee, Wis., July 9-12.

Goldberg, D.E. 1989. Genetic Algorithms in Search, Optimization, and Machine Learning. Addison-Wesley, Reading, MA.

Potter, W.D., W. Bi, D. Twardus, H. Thistle, J. Ghent, M. Twery, and M. Teske. 2000. Handling the Back Calculation Problem in Aerial Spray Models Using the Genetic Algorithm. In Practical Applications of Soft Computing Techniques. DeWilde and Jain eds., Kluwer Publishing.

Potter, W.D., D.Twardus, M.Twery, M. Teske. 2000. Aerial Spray Optimization. In Proc. Of the International Conference of Artificial Intelligence. Las Vegas, NV. June 26-29.

Potter, W.D., W. Bi, D. Twardus, H. Thistle, M. Twery, J. Ghent, and M. Teske. 1999. Intelligent Decision Support for Aerial Spray Deposition Management. In Papers from the American Association for Artificial Intelligence. Techinical Report WS-99-07, Orlando, Fla. July 18. 1999.

Potter, W.D., W. Bi, D. Twardus, H. Thistle, M. Twery, J. Ghent, and M. Teske. 2000. Aerial Spray Deposition Management Using the Genetic Algorithm. Proc. Of the Industrial and Engineering Applications of Artificial Intelligence and Expert Systems. New Orleans, La., June 2000.

Spray Block Import/Export – ESRI’s ArcView software has the ability to use software extensions or plug-ins to enhance the standard functionality of the ArcView interface. The Spray Advisor Arc extension completed by Strager (WVU) enables spray block digitizing, export/import of spray blocks into GPS format files (AgNav, SatLoc), processes spray block files for AGDISP, and displays seamless background imagery.

Spray Advisor – an aerial application decision support system. Spray Advisor is an integrated software system of tools using a GIS platform. Its development is based upon prior work and lessons learned in the development of GypsES-the Gypsy Moth Expert System. Spray Advisor will be a separate executable with standard Windows interface programmed in Visual C++. The main functions of Spray Advisor are: project storage (data, procedures, outputs), communications between components, and reporting (data visualization). While mapping communication will be seamless with ARC View, Spray Advisor will not be dependent upon ARC View especially for gridded or non-vector data handling.

Thomas, Susan, S. Fosbroke, and A. Cumming. 1998. GypsES, Decision Support and Project Management. Users Guide. Version 1.0. USDA Forest Service. Northeastern Forest Experiment Station, Northeastern Area, and Southern Region. March 1998.

METHODS :  

1. Design and development of the Spray Advisor system

· System Architecture: much of this work has already been done, but the prototype must be completed and user-tested for validation of the basic architecture (member elements, connections and navigation between them, expected use patterns as related to simplicity, user-friendliness and efficiency of the software. 

· Graphic User interface: mapping and editing functions. Determination of the extent to which Spray Advisor should depend on the availability of ArcView (ArcGIS) software for basic GIS functions. Spray Advisor should be usable as a basic GIS even without ESRI products. Executable will be done in Visual C++.

· Project management: simplify to the extent possible the amount of file naming and management required of the user. Automoate directory creation, maintenance, merging of files and databases. 

· Communications protocol. Develop Spray Advisor’s generic inter-software communications protocol to make it as versatile and concise as possible. 

· Flight line optimisation. Use multiple-overpass and line shifting to optimise on-block deposit and minimize drift using R. Mickle’s (REMSpc) algorithm.

· Import/export to aircraft guidance systems. Incorporate into Spray Advisor’s main program existing and new algorithm for flight line / spray block exporting to AGNAC, SATLOC and TRIMBLE aircraft guidance systems and for flight log import into the system to model deposit and relative efficacy.  

2. Linking components to Spray Advisor

· BabyBioSIM. Not yet linked.

· AGDISP. Initial development has resulted in the construction of an AGDISP DLL that can be called by Spray Advisor. 

· SAGA. Not yet linked.

· Productivity planning (STP). A treatment block sequencing planner routine has been written at the University of Georgia. STP has not been tested nor linked to Spray Advisor.

· Calibrator. A free standing aircraft calibration routine has been written. Not yet linked to Spray Advisor.

· ARC View Extension for GPS flight files not yet linked. The Extension is complete and has been tested.

3. AgDISP interface. A new, simplified user interface for the AGDISP near-wake spray deposit model is being developed in Visual Basic. This development must continue. Part of the development includes improvement of existing interface elements, but also database management and output display capabilities.

4. Relative efficacy. A general algorithm for relative efficacy will be developed and incorporated into the AgDISP interface as well as in the SAGA algorithm so that optimization can be conducted on the basis of expected gains in efficacy rather than deposit per se.

5. STP, Spray Treatment Planner. A general algorithm has been written and tested that assists in treatment block selection during the operation of a large aerial application project. STP utilizes spray block distribution, spray block size and shape, fuel loading, and aircraft productivity. A version of STP has been written (Visual Basic) but not tested.

6. SAGA, newest test version is a neural network system to reduce computational time encountered with earlier genetic algorithm versions. SAGA has not yet been linked to Spray Advisor.

7. Beta Testing of Spray Advisor system

· User groups will be asked to perform beta testing under operational conditions (actual or fake spray operations) for debugging, improvement of the software and GUI design.

MEASURES OF SUCCESS:

Standard of Success: Success will be measured by the completion of an integrated system that can be used to:

1) Import/Export navigation flight line files for use with on-board navigation systems

2) Import spray blocks for use with spray deposit modeling assessment

3) Provide user with graphical spray deposit and drift analysis

4) Provide user with optimization information in order to reduce drift and improve spray deposit.

5) Import DEM files.

6) Conduct phenology assessment for treatment timing

7) Completion of first version of generic relative efficacy

8) Completion of STP (spray block sequence planner) and linked to Spray Advisor.

9) Linkage of SAGA to Spray Advisor.

10) Linkage of Calibrator to Spray Advisor.

Expected Outcomes: Version 1.0 of Spray Advisor with components integrated and tested (BioSIM,AGDSIP, SAGA,STP, Calibrator, and ARC extension for import/export of DGPS flight navigation files).

Implementation of Products/methods:  Implementation will be within Version 1.0 of the completed software package.
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PRODUCTS AND DUE DATES:
· Spray advisor beta system by October 2003.

· Spray Advisor release of Alpha version after field testing by October 2004.

PUBLICATIONS:

· Relative efficacy algorithm (Régnière)

· Spray Advisor User Manual

· SAGA (Potter)

· STP (Potter)

· Calibrator (Ghent and Twardus)

· AGDISP (Thistle and Teske)

TECHNOLOGY TRANSFER 

State and Federal pest management specialists with aerial application responsibilities

Private aerial application contractors

PRODUCT LEVERAGING : This project builds upon prior experience gained during the development of GypsES, the Gypsy Moth Expert System.  GypsES was successfully produced, distributed and used.  Technology advances have since required system modifications and a re-design incorporating new technology and programming methods.  GypsES was UNIX based, could not communicate with ARC, and did not incorporate advanced decision support.
LONG-TERM BUDGET REQUEST: (estimates by fiscal year and funding, both monetary and in-kind, excluding FHP base funding and salaries) (extend table as necessary):

	
	Item
	Requested FHP STDP Funding
	Other-Source Funding
	Source

	FY  2003
	
	
	
	

	Administration
	Salary
	30,000 1
10,000 1
	30,000

       -
	[image: image1.png]


Canadian Forest Service

Univ. Georgia

	
	Overhead
	
	
	

	
	Travel
	5,000
	
	

	Procurements
	Contracting
	15,000
	
	

	
	Equipment
	
	
	

	
	Supplies
	
	
	

	YEAR TOTALS
	
	60,000
	30,000
	


	FY 2004
	
	
	
	

	Administration
	Salary
	30,000
	30,000
	CFS

	
	Overhead
	
	
	

	
	Travel
	5,000
	
	

	Procurements
	Contracting
	15,000
	
	

	
	Equipment
	
	
	

	
	Supplies
	
	
	

	YEAR TOTALS
	
	50,000
	30,000
	


1/ Salary costs cover programming needs.

LONG-TERM BUDGET REQUEST EXPLANATION: (add lines as necessary): Spray Advisor will be maintained and supported by the Canadian Forest Service, the USDA Forest Service, Northeastern Area, and Region 8, Forest Health Protection.
BENEFITS :

Improved efficacy in aerial application projects

Spray drift mitigation

Aerial spray timing optimization and improved efficacy

Spray system evaluation

Training tool for pest management specialist involved in aerial applicatioin

Technology transfer

LITERATURE, CITATIONS, ATTACHMENTS, etc.:  see above.
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