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Software for 

Precision Agriculture
This module provides an introduction into the issues that a grower or consultant should consider when purchasing software to perform Precision Agriculture (PA) tasks. The basic section deals with generic issues whilst the advanced section very briefly introduces different pieces of software that are suitable for use in PA and are commercially available at the time of publication. Given the rapid evolution of computer software, only brief information is provided on capabilities to help users identify potentially suitable software packages. It is strongly recommended any user conducts an up-to-date search when purchasing new software. The options provided here are given as a guide and are as complete as possible, but no endorsement is given to any particular program. The allocation of software to categories is also intended as a guide only. Users should identify the program that best suits their needs and budget. The information in this module is aimed primarily at helping users understand what is available and where it can be sourced.  

PA Education and Training Modules for the Grains Industry

These education and training modules have been designed to provide information on the major topics considered relevant to adopting Precision Agriculture (PA) in the Australian grains industry. They are a resource for individual education, for use in developing training workshops or combining with established training materials. Each module focuses on a particular PA subject area and is delivered in up to four sections: 

· basic information - an overview of the important topics in the subject;

· advanced information - a more comprehensive treatment of the subject including expanded detail on the important topics;

· FAQ - common questions, exercises and handy tips; and

· supplementary information and archive - reference material to provide further detail or background knowledge if required.

Individuals can delve to the level of detail they require from each module. Training coordinators can choose the combination of subjects, specific topics and appropriate level of information in each to suit the knowledge of the trainees and the specific goal of a training program. The material in the Basic, Advanced and FAQ sections is provided in ‘open access’ form.  The text, figures and tables can be extracted and used in other presentation formats.  

The modules include some information previously published in the GRDC PA Manual (2006) and also some authorised third party material is included in the supplementary and archive sections. Original references are included for these where necessary and should be used if the material is reproduced or displayed. 

The general reference for the modules is:
PA Education and Training Modules for the Grains Industry.
Produced by Brett Whelan and James Taylor

Australian Centre for Precision Agriculture, University of Sydney 

for the Grains Research and Development Corporation

(2010).

DISCLAIMER

This publication has been prepared in good faith on the basis of information available at the date of publication without any independent verification. The Grains Research and Development Corporation and the Australian Centre for Precision Agriculture do not guarantee or warrant the accuracy, reliability, completeness of currency of the information in this publication nor its usefulness in achieving any purpose.

Readers are responsible for assessing the relevance and accuracy of the content of this publication. The Grains Research and Development Corporation and the Australian Centre for Precision Agriculture will not be liable for any loss, damage, cost or expense incurred or arising by reason of any person using or relying on the information in this publication.

Products may be identified by proprietary or trade names to help readers identify particular types of products but this is not, and is not intended to be, an endorsement or recommendation of any product or manufacturer referred to. Other products may perform as well or better than those specifically referred to.
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Basic information - key points
· Each farmer or consultant will have individual requirements for software. At a minimum, prospective software buyers should prepare a detailed list of their current requirements, and then consider options for the future.
· Software for PA has been developed for: farm record keeping; crop scouting; data collection; data management and analysis; creating maps; defining management classes; input decision support; navigation/autosteer; and variable-rate application.
· Software is used for both mobile and desktop platforms and different platforms may need different software.

· Software for PA is available in different levels of complexity and for different uses. The cost generally rises with the range of tasks the software can perform: 
· task-based - aimed at performing single or a small number of specific tasks;
· data processing packages - data management, analysis, action and archiving in a single box;
· introductory: 
data storage and simple map display options;
· intermediate: 
detailed mapping and some data analysis and prescription export capabilities;
· advanced:
full mapping and data analysis and prescription export capabilities 
· Software for PA is available as freeware, shareware and commercial packages. Free/shareware options are free/cheap and mostly aimed at data handling procedures or map viewing. Commercial packages require a purchase/license fee but are generally user-friendly and well supported.  
· Like all software, features and compatibility issues continue to change. Software needs to be compatible with propriety data file types used by on-farm hardware.  

· Data storage and software use does not necessarily need to be done on-farm. Consultants can provide this service to growers.

Software for PA
Software is currently available to perform the following PA tasks:

· farm record keeping and accounting;
· global navigation satellite system (GNSS) mapping or vehicle navigation;
· yield data processing, mapping and storage;
· image data processing and storage; 

· soil and other spatial data processing, mapping and storage;
· spatial data analysis and management decision support;
· prescription map building and export;
· manage and instruct variable-rate control devices; and
· analysis of harvest trial data.
Some programs are developed specifically for a single purpose, often as a stand alone piece of software. Other programs are capable of performing multiple tasks.
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Before purchasing software a grower/consultant should list all the features/tasks that they require now, and consider adding potential requirements.
Only with such a ‘wish list’ will the most suitable program(s) be identified. In many cases a number of programs or additional add-ons/modules will be required to meet all the needs of an end-user. 
Proprietary file formats
The different brands of navigation, monitoring and controlling systems being used in PA are commonly operated by software that is unique to the brand. In the vast majority of cases this means that the file types needed to instruct the equipment and used to record information are also unique to the brand. These proprietary files are what may cause compatibility problems between software and hardware and between software programs. Obviously proprietary software should work with same branded equipment. Users should enquire about compatibility with existing hardware and software when seeking to use third-party task-based software or all-in-one data management software. 
Task-based software
These software tools are designed to complete a single or small number of specific tasks. They are usually developed to perform one or more of the following functions: 

· perform an operation on a specific piece of hardware;
· allow basic operations to be completed or maps viewed without comprehensive software.;
· perform an operation that is missing from the more comprehensive software programs;
· be part of a modular software suite that can be expanded as a user’s requirements change/increase; and
· operate on mobile computer platforms.
The software for operation of specific hardware is usually supplied by the manufacturer of the hardware (Table 1). This will be the case for most users and it will be part of the purchase price. Some hardware manufacturers have developed a modular style of software application and the cost may be applied as each module is acquired. There are also a number of freeware or shareware software available for PA applications (Table 2).
As the number of sensors supplying data for PA has increased, so have the software requirements. Research into the best use of the data has led to the identification of new analysis techniques. These techniques have often required task-based software to be developed to prove their usefulness (or otherwise). The inclusion of these analytical techniques into the more comprehensive software takes time and so there will always be a range of task-based software tools available that can be implemented by the more experimental users.
There are other users who may wish to build an analytical process on the basis of a number of software programs, some of which have not been designed specifically for PA  (e.g. GEOD, FuzMe). These task-based programs are used for generic manipulation of spatial information or to access a proprietary data file format and then allow PA data to be used in commercially available statistics packages or allow the output from expensive Geographical Information Systems (GIS) to be converted to a format useable in PA hardware. Working with software this way can be a little more challenging than using a dedicated PA software package.
	Company
	Software
	Description

	AGCO
	Falcon II Application Control
	VRA control

	AgLeader
	Direct Command
	VRA control

	
	Seed Command
	VRA planter and seeding control

	Case IH
	AFS Planter Software
	VRA planter control

	
	AFS Pro600 Advanced
	yield data recording and mapping

	Farmscan 


	Farmlap2e
	steering, VRA control and boom spray control

	
	Grain Yield
	yield data recording and mapping

	
	Irrigation Manager
	VRA pivot control

	Farm Works
	Lexion Yield Tools
	yield data processing and mapping for Lexion

	John Deere
	Field Doc suite
	various VRA control

	
	Harvest Doc Combine
	yield data recording and mapping

	 Mapshots
	EASi Rx
	converting Shape (.shp) to VRA files

	Micro Trak
	Data Trak
	yield data recording and mapping

	Trimble (Greenseeker)
	RT200 Software
	VRA nitrogen control

	Raven
	Autoboom suite
	boomspray control

	
	SCS suite
	VRA control

	
	Viper suite
	VRA control

	Trimble (Rawson)
	Accu-rate software
	VRA control

	RDS
	Apollo
	VRA spreader and boomspray control

	
	Ceres 8000i Yield Module
	yield data recording and mapping

	Topcon
	X20 Maplink + VRC
	Steering, VRA control and boomspray control


Table 1: Examples of task-based software developed for PA implement/sensor control and data management.
	Company
	Software
	Description

	Australian Centre for Precision Agriculture (ACPA)
	Vesper
	spatial prediction for mapping

	
	FuzMe
	clustering for management classes

	Delta Data Systems
	Viewpoint
	map viewing and basic interaction

	ESRI
	Arcexplorer
	map viewing and basic interaction of ESRI format files

	Map Maker
	Map Maker Gratis
	map viewing and editing

	
	FOViewer
	read and export data from proprietary yield and application log files

	MicroImages
	TNTmips Free
	map viewing and basic interaction of TNT format files

	NSW Lands
	GEOD
	coordinate conversion between projections and datums for Australia

	Pitney Bowes
	MapInfo ProViewer
	map viewing and basic interaction of MapInfo format files

	TerraGo Technologies
	TerraGo Desktop
	GeoPDF map viewing

	University of Nebraska-Lincoln
	Yield Check
	process and clean yield data in text (.txt) files

	USDA ARS
	Management Zone Analyst
	clustering for management classes

	
	Yield Editor
	process and clean yield data in text (.txt) files

	Zonum Solutions
	Shape2text
	convert Shape (.shp) to text files


Table 2: Examples of task-based PA freeware or shareware developed for data management or viewing.

Mobile applications
These are software applications designed for hand-held devices, e.g. tablet PCs or PDA’s (Table 3) that are primarily used in the field. They are often developed in conjunction with a desktop application with which they are designed to communicate and transfer files. Operating different brands of desktop and mobile software may result in compatibility problems if proprietary format files are involved. When considering the use of this type of software in conjunction with a desktop application, always enquire about file exchange compatibility.
	Company
	Software
	Description

	
	
	

	AgCode
	Total Field
	scouting, recording, mapping and display

	AgLeader
	SMS Mobile
	scouting, recording, mapping and display

	AgRenaissance
	PocketRecon
	scouting, recording, mapping and display

	Delta Data Systems
	Pocket DLog

Mobile DLog
	scouting, recording, mapping and display

	
	Pocket spreader
	VRA control

	ESRI
	ArcPad
	scouting, recording, mapping and display

	Fairport
	PocketPAM
	scouting and recording

	Farm Works
	Trac mate
	georeferenced data entry

	
	Guide mate
	guidance

	
	Site mate basic
	farm mapping

	
	Site mate scouting
	scouting and farm mapping

	
	Site mate VRA
	VRA control -one input

	
	Site mate multi-VRA
	VRA control - multiple

	G K Technology
	Pocket Field Recs
	scouting and farm mapping

	
	Pocket VR
	VRA control - multiple

	SST
	Summit and Stratus
	scouting, recording, mapping and display

	StarPal
	HGIS
	scouting, recording, mapping and display

	Trimble
	AgGPS EZ-Map
	scouting, recording, mapping and display


Table 3: Examples of task-based PA software developed for specifically for mobile computer applications.

Data processing packages

(data management, analysis, action and archiving in 1 box)
Levels of complexity
There are a wide variety software programs available that vary in complexity, cost and compatibility. These software packages enable the management and analysis of data from a variety of sources and the production of variable-rate prescription maps for a variety of rate controllers.  

There are three general levels of complexity to these single-box software options for PA: introductory, intermediate and advanced. The difference between the levels is blurring, as more use is made of PA in the farming community and software from all companies grows in sophistication. 
Introductory level
Introductory level software packages perform basic operations such as data retrieval and storage, simple mapping, basic data exploration and data export, but do not provide detailed analytical tools (Table 4). They are primarily aimed at moving information from a data storage card/media used in a farm vehicle onto a computer. Many hardware manufacturers provide software tools at this level as an interface to their hardware, usually at minimal cost. 
This level of software suits growers who will outsource the majority of their data analysis to a consultant. At this level, recent improvements have seen the addition of database features that allow tabular summaries of harvests over paddocks, farms, and years to be performed. Introductory level packages may also allow the export of a machine-ready prescription file for use in same brand, or affiliated hardware.  
	Company
	Software
	Description

	AGCO
	GTA200
	record keeping

	
	GA300
	record keeping and mapping

	AGDATA
	Phoenix Farms Mapping
	record keeping and mapping

	BackPaddock
	Manager
	record keeping, mapping and planning

	CLASS
	Agro Map Start
	basic yield mapping

	
	Agro Map Standard
	yield and farm mapping 

	eAgribusiness
	iFarm
	record keeping and mapping

	Fairport
	gpMapper
	farm mapping

	Farmscan
	Data Manager
	yield mapping and data management

	Farm Works
	Site
	data management, yield and farm mapping

	Leica
	iNEX
	monitoring and farm mapping, recording and boomspray control

	Rinex
	PlanIT
	farm mapping, plans and data management

	Rokit Science
	Catchman
	record keeping, mapping and planning

	SST
	SSToolkit
	data management, yield and farm mapping

	TeeJet
	Fieldware suite
	farm mapping, data management data management, yield and farm mapping VRA control

	Trimble
	EZ-Office
	recording, mapping data management, yield and farm mapping data management


Table 4: Examples of introductory level single box software for data management, analysis, action and archiving.
Intermediate level
This level of software programs were originally provided by companies outside the major agricultural equipment manufacturers to meet the data analysis needs of growers and consultants in the PA industry. Now there are a number of equipment manufacturers who sell branded software that fits this category. The programs are generally user-friendly and farm-oriented with point-and-click features to perform common data analysis (Table 5). This software usually works with a wider range of file types than the introductory packages including various image file formats. Software in this category will generally perform simple operations with different data layers and can output user-defined variable-rate prescription maps. However, they do not usually have the ability to build decision support algorithms but may allow for additional add-ons, to provide a specific functionality for an additional cost.
	Company
	Software
	Description

	AGCO
	GTA 400
	mapping, data management and analysis, VRA maps

	AgLeader
	SMS Basic
	mapping, data management and analysis, VRA maps

	CaseIH
	AFS Basic
	mapping, data management and analysis, VRA maps

	CLASS
	Agro Map Precision Farming
	mapping, data management and analysis, VRA maps

	Fairport
	FarmStar
	Mapping, data management and analysis, VRA maps

	Farm Works
	Site Pro
	mapping, data management and analysis, VRA maps

	G K Technology
	Ag Data Viewer
	mapping, data management and analysis, VRA maps

	John Deere
	Apex Farm Management
	mapping, data management and analysis, VRA maps

	LandView Systems
	LandView DSS Pro
	mapping, data management and analysis

	Map Maker
	Map Maker Pro
	mapping and data interrogation

	MapShots
	EASi Suite
	production records, data management and analysis, VRA maps

	New Holland
	PFS Advanced Mapping Software
	mapping, data management and analysis, VRA maps

	SST
	SSToolboxLite
	mapping, data management and analysis, VRA maps


Table 5: Examples of intermediate level single box software for data management, analysis, action and archiving.
Advanced level

Advanced level software programs have substantial display and analysis capabilities. In this category are software packages designed specifically for PA as well as more widely used ‘generic’ GIS (Table 6).  
Advanced PA/GIS programs often have a general user interface as well as an ability to write algorithms or sub-programs for specific data analysis. These provide the most flexibility for working with a wide range of file types and analysis techniques. To make use of their capabilities, a higher level of computer literacy and commitment to learning their operational controls is required 
For many growers the advanced-level generic GIS programs may be unwarranted, however, for a consultant these can provide additional flexibility particularly for web-based applications. The dedicated PA software at this level is suitable for a farmer who is keen to gather spatial data on the farm from a number of sources and spend time to understand, analyse comprehensively and build action plans with the data. This type of software is where any agronomic consultants interested in PA should be aiming.
	Company
	Software
	Description

	AGCO
	SGIS
	ArcGIS-based data and image storage, data analysis and manipulation. VRA maps

	AgLeader
	SMS Advanced
	Imports multiple yield file formats. Comprehensive data and image storage, data analysis and manipulation. Linked to mobile software. PA-specific VRA map formats.

	CaseIH
	AFS Advanced
	Comprehensive data and image storage, data analysis and manipulation. Linked to mobile software. PA-specific VRA map formats.

	Delta Data Systems
	AGIS
	Imports multiple yield file formats. Comprehensive data and image storage, data analysis and manipulation. Linked to mobile software. PA-specific VRA map formats.

	ESRI
	ArcGIS
	Comprehensive data and image storage, data analysis and expansive manipulation options. VRA maps as Shape (.shp) files.

	MicroImages
	TNTmips
	Comprehensive data and image storage, data analysis and expansive manipulation options. VRA maps as Shape (.shp) files.

	Manifold
	Manifold
	Comprehensive data and image storage, data analysis and expansive manipulation options. VRA maps as Shape (.shp) files.

	Pitney Bowes
	MapInfo Professional
	Comprehensive data and image storage, data analysis and expansive manipulation options. VRA maps as .dxf or mif files.

	SST
	SSToolbox
	Imports multiple yield file formats. Comprehensive data and image storage, data analysis and manipulation. Linked to mobile software. PA-specific VRA map formats


Table 6: Examples of advanced level single box software for data management, analysis, action and archiving.
Decision support software 
All the current data processing packages available for desktop computers lack a comprehensive spatial decision support component. A full spatial decision support system for PA should be able to help with decisions on:

· identifying if and where there is manageable variability in production;
· determining causes for the variability; and
· constructing and comparing potential management options.
These tasks are made difficult for software companies because the data that farmers gather about variability is not always the same and the management response will differ based on local conditions and management. Some task oriented data management software identified earlier will help with spatial decisions using a standard set of data layers, but a comprehensive solution for all farmers and locations is someway off. 

Standalone decision support software (Table 7) that is not aimed at dealing with spatial datasets is available to help in making input decisions. By using these tools to make decisions about different areas on a farm or in a field, some spatial aspect to decisions can be achieved.
	Company
	Software
	Description

	APSRU
	APSIM
	crop yield prediction based on climate, crop, soil and management

	
	WhopperCropper
	crop yield prediction at a district level using a simulation database

	
	HowWet?
	estimates water storage and nitrogen mineralisation

	
	HowMuch?
	estimates crop yield from available water and match sowing windows

	Birchip Cropping Group
	Yield Prophet
	web-based crop yield predictions based on APSIM

	Back Paddock
	SoilMate
	fertiliser recommendations from soil and plant tests

	CSBP
	NU Logic
	fertiliser recommendations from soil and plant tests

	CSIRO
	Yield + N Calculator
	crop yield and nitrogen requirement using rainfall

	
	Lime and Nutrient Balance Calculator
	lime, nitrogen and phosphorus requirements to reach target pH and yield

	
	MaNage Wheat
	crop yield and protein scenarios under varying water and soil conditions

	Department of Agriculture and Food WA
Department of Agriculture and Food WA
	NP Decide
	fertiliser, rate and timing for cereal crops

	
	OptLime
	soil acidity management decisions including lime quantity and potentially crop decisions


	
	Potential Yield Calculator (PYCAL)
	sowing, crop nutrition, pest control based on seasonal moisture

	
	Yield Calculator
	provides information on yield probabilities

	
	Select your Nitrogen (SYN)
	rotation, varietal choice, tillage and nitrogen fertiliser timing, sources and rates

	
	WA Wheat
	time of sowing, nitrogen fertiliser application (timing and rate), variety selection. Likely outcomes given historical seasons.

	
	Potassium in Agricultural Systems (KASM)
	advice on potassium fertiliser applications and long-term planning

	eAgribusiness
	MaxiYield
	nutrition requirements based soil, crop and moisture

	ICASA
	DSSAT
	crop yield prediction based on climate, crop, soil and management

	Incitec Pivot
	Nutrient Advantage
	fertiliser recommendations from soil and plant tests

	Agri-Science Queensland, DEEDI
	Rainman
	determine patterns in historic rainfall and predict seasonal rainfall

	
	Soil Nitrogen Calculator (Nitrogen Books)
	nitrogen management based on tests and season

	Sentek
	irriMax8
	soil moisture and salinity tracking for irrigation scheduling


Table 7: Examples of standalone decision support software that can be used to help make simple spatial decisions on management.
Where the spatial decision support has taken a stride is in software for vehicle-mounted in-season crop reflectance sensors. These software programs are task oriented and equipment specific. They all provide some level of decision support about the how and/or how much questions for variable-rate application of fertiliser or growth regulants (Table 8).
	Company
	Software
	Description

	Holland Scientific
	Crop Circle
	monitors crop variability and provides fertiliser distribution recommendations

	Trimble
	Greenseeker
	monitors crop variability and provides fertiliser rate and distribution recommendations

	
	Weedseeker
	monitors weed presence and provides spraying advice

	Yara and Topcon
	N-Sensor and CropSpec
	monitors crop variability and provides fertiliser rate and distribution recommendations


Table 8: Examples of software for spatial decision support available with in-season crop reflectance sensors.
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