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An introduction to

Precision Agriculture 
for Australian grains
Precision Agriculture (PA) is a now a term used throughout agricultural systems worldwide; but what is meant by Precision Agriculture? This introductory module provides a background to the evolution of PA, the principle philosophy and goals of a PA management strategy and some of the steps required to adopt PA in cropping systems.  It provides a stepping stone to subsequent modules in this series that will investigate the theories technologies and methodologies behind the adoption of PA within grain production systems in Australia.
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.
Module A

Basic information
Contents
1Basic information - key points


2Defining PA


2Site-specific crop management (SSCM)


4What are the practical benefits of PA


4Overcoming potential problems


4Differential management


5Potential management classes (PMC)


6Environmental gains


6General adoption path


8Some Misconceptions


9Glossary





Basic information - key points
· Precision Agriculture (PA) is essentially a philosophy of making improved management decisions across a farm at more places and more times in the season than traditionally applied in agriculture.
· Site-specific crop management (SSCM) is the application of PA to crop management, so decisions on resource application and agronomic practices are improved to better match soil and crop requirements as they change in a field.
· SSCM can be applied to managing at the individual field or whole farm scale.
· SSCM is an evolving management strategy. It is driving a shift from uniform management of inputs towards management by defined production classes and on to continuously variable management.
· Variation may occur in crop quantity (yield) and quality and both can be managed.
· Variation may be due to environmental factors or management factors.
· There are opportunities to manage both the temporal (between seasons) and spatial (within-field) variation in crop production.
· PA adoption starts when a farmer wants to apply a new level of knowledge to a production processes. It is not necessarily synonymous with buying a GPS unit and/or a yield monitor.
· There are various entry points into PA for farmers and not all of them involve a large initial capital outlay.
Defining Precision Agriculture (PA)
Many definitions of PA exist and many people have different ideas of what PA should encompass. Here two definitions have been selected to illustrate the concept of PA in general but also specifically its application to broadacre cropping industries. The first definition comes from the US House of Representatives (US House of Representatives, 1997).
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Precision Agriculture:

“An integrated information- and production-based farming system that is designed to increase long term, site-specific and whole farm production efficiency, productivity and profitability while minimising unintended impacts on wildlife and the environment”.  

The key to this definition is that it identifies PA as a ‘whole-farm’ management strategy, not just for individual fields. It uses information technology to improve production management and minimise environmental impact. This definition refers to the farming system that in modern agriculture may include the supply chain from the farm gate to the consumer; it also distinguishes between agriculture and agronomy. While the PA philosophy has been expounded primarily in cropping industries, it is important to remember that precision agriculture can relate to any agricultural production system. These may involve animal industries, horticulture, viticulture, fisheries and forestry and in many cases PA techniques are being implemented without being identified as such. For example, in a dairy enterprise the tailoring of feed allocations to individual cows based on yield and the stage of their lactation.

The focus in these documents is the implementation of PA in the grains industry 

The second definition narrows the PA philosophy of timely management of variation down to its implementation in cropping systems. 
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Site-specific crop management (SSCM)

“A form of PA whereby decisions on resource application and agronomic practices are improved to better match soil and crop requirements as they vary in the field”

This definition encompasses the idea that PA is an evolving management strategy. The focus here is on decision making with regard to resource-use and not necessarily to the adoption of information technology on farm; although many new technologies will aid improved decision making (Figure 1). The decisions can be in regard to changes across a field at a certain time in the season or changes through a season or seasons. The inference is that better decision making will provide a wide range of benefits - economic, environmental and social - that may or may not be known or measurable at present.  
From an Australian grains perspective this definition provides a defined goal regardless of a grower’s current adoption of PA or proposed entry level into PA.  To expand this concept further, SSCM can be considered as the application of information technologies at the site-specific level, together with grower knowledge, to:
· optimise production efficiency;
· optimise quality;
· minimise environmental impact; and
· minimise risk.
This is not a particularly new concept in agriculture, with essays on this topic dating from the early 18th century.  What is new is the scale at which SSCM can now be implemented. Prior to the industrial revolution, agriculture was generally conducted on small fields with farmers often having a detailed knowledge of their production system without actually quantifying the variability.

[image: image1.emf]
Figure 1: The economic-environmental foundation for a site-specific management system to minimise operational risk.
The movement towards mechanical agriculture, and the profit margin squeeze, has resulted in the latter half of the 20th century being dominated by large-scale 
uniform “average” agricultural practices. The advance of technology in the late 20th and early 21st centuries, has allowed agriculture to move back towards site-specific agriculture whilst retaining the economies of scale associated with ‘large’ operations.

What are the practical benefits of PA
Overcoming potential problems

Potentially detrimental outcomes can come from applying agronomic decisions and physical inputs at uniform rates over large cropping areas. This can happen because of variability of important components of the cropping systems across fields, farms and seasons (Table 1). 

[image: image2]
Table 1: Potential problems expected when ‘uniform’ treatment is applied to influential cropping system components that vary across a cropping area.
Differential management

Applying decisions and inputs in different degrees/rates is collectively referred to as the 'differential' treatment of field variation, as opposed to the 'uniform' treatment that underlies the traditional agricultural management systems. Variable-rate application (VRA) using variable-rate technology (VRT) is the most widely known form of differential treatment in PA but the options for differential treatment include:
· variable rate of inputs;
· variable type or mix of inputs;
· variable placement across or within the soil or crop; and 
· variable timing of inputs.
An example of differential management is the use of guidance or autosteer systems to introduce controlled-traffic operations to a farm. The ‘traffic’ is controlled to specific parts of a paddock (variable placement) leaving the rest at least ‘less trafficked’. This should provide benefits to soil condition and crop growth. The benefits of controlled traffic can then be extended by changing cultivation or bedding operations to further improve crop growth and optimising chemical application and usage by minimising overlap.
Potential management classes (PMC)
Let’s consider the concept of differential treatment in terms of inputs such as fertiliser, lime, gypsum and pesticides. Improved calculations on how much of an input is required for different areas of a field, or farm, or different times of the season should lead to an even more efficient and profitable use of enterprise resources. PA technologies that help gather and map data on soil and landscape variability along with pest pressures and crop yield differences can show if and where changes in production potential occur. The different areas identified in such a process are known as ‘potential management classes’ because the difference in yield potential between the areas potentially warrants different management practices.
As an example, consider the results of a trial to test whether there is a measurable difference in the response of a wheat crop to nitrogen (N) in two potentially different management classes in a 79ha field. The uniform rate of nitrogen applied to the field was 60kg N/ha. After measuring the yield in trial plots, the two potential management classes showed very different responses, with the optimum rates being at least 100kg N/ha for Class 1 and 39kg N/ha for Class 2 (Figure 2). 
In response to this information on variation, nitrogen management could be modified in different ways. Scenario 1 involves applying the same total amount of N fertiliser to the field (79ha x 60kg N/ha = 4.7t) but redistributing fertiliser from Class 2 (-21kg/ha) to Class 1 (+21kg/ha). This would improve the potential yield in Class 1 by six per cent (Figure 2) and improve the gross margin across the paddock. However, Class 1 would still not receive the optimum fertiliser rate of 100kgN/ha. Scenario 2 aims to apply closer to the correct amount to each Class, which would require an additional 1.4t of N to cover the increased application in class 1, in addition to the fertiliser redistributed from Class 2. Under Scenario 2, the potential crop yield in Class 1 increases by 10 per cent according to the response graph (Figure 2) and the gross margin for the paddock would be significantly improved.
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Figure 2: Field response to applied N fertiliser in two management classes. Average uniform paddock application was 60kg N/ha. Class 1 optimum = 100kg N/ha; Class 2 optimum = 39kg N/ha.

Environmental gains
From an environmental point of view, more precise treatments may offer the prospect of reducing the environmental risk associated with uniform/blanket field treatments and provide the ability to work with the natural diversity in cropping systems. This variation, by nature, will be specific to each farm and may change over time. However, measuring this variation and applying suitable management could improve the economic and environmental efficiency of cropping systems. Eventually, by more closely aligning yield goals to the measured variation in yield potential across cropping areas it may be possible to improve the sustainability of modern cropping systems.
General adoption path

The application of the PA philosophy will have some costs, so the decision to move down the PA path should be made once the ‘uniform’ farm management being presently applied has been optimised. Larger gains may well be possible by correcting some of the uniform agronomic practices before adopting PA to fine tune production management (Table 2).

	
	Objective
	How PA tools and techniques may be used

	1.
	Ensure ‘uniform-rate’ crop management is optimised and improve farming efficiency
	GPS location and recording for crop scouting and soil sampling, and simple paddock experimentation (e.g. varieties or input rates).  Vehicle guidance and auto-steer to increase efficiency (e.g. reduced overlap), establish controlled traffic or raised bed systems, sow into inter-row, shielded spraying etc. 

	2.
	Measure ‘where’ and ‘how much’ crop production varies across fields, the farm and seasons
	GPS linked to yield quantity/quality monitors, other on-ground crop and soil sensors, and geo-referenced remotely-sensed data, used to develop maps of variability.  Maps can be compared across seasons and crops to identify patterns and size of production variability across fields and the farm.

	3.
	Determine the major causes of the variability
	Use PA data layers to target field investigation into the likely cause/s of variability in production. Soil and crop tissue testing in areas highlighted by the maps will help pinpoint causes.  

	4.
	Optimise the use of inputs to maximise gross margin and minimise environmental footprint.
	May involve delineating management classes at a field or farm scale. Use the information already gathered to formulate required actions. May involve adapting standard agronomic practices or applying the results of scenario simulation models to test alternative management options. These include ameliorating for problems (e.g. pH) or preparing variable-rate input application maps if required.  The use of in-season crop reflectance sensors may provide useful information for N management strategies.

Use yield monitors and financial analysis to check results and underpin further adaptive management. 

	5.
	Improve grain quality control and product marketing
	Use GPS with grain quality monitors to meet quality requirements and achieve price premiums. Electronic information tagging of field operations and grain loads provides data to support marketing and quality control/assurance.


Table 2: Generalised stages for the progressive adoption of PA.
Some Misconceptions
Like many new concepts, PA carries with it some misconceptions.  
· PA is often confused with yield mapping. Yield mapping is a tool that is one of the first steps towards implementing a SSCM strategy.  
· PA is sometimes misinterpreted as sustainable agriculture. PA is a tool to help make agriculture more sustainable however it is not the total answer. PA aims at maximum production efficiency with minimum environmental impact. Initially, it was the potential for improved productivity (and profitability) that drove the development of SSCM as a form of PA. In recent years, the potential for this technology as a tool for environmental auditing of production systems has become more obvious. However, environmental auditing is not environmental management. The large amount of fine-scale data being collected in a SSCM system can be used for on-farm environmental risk assessment and incorporated into a whole-farm plan to help viability in the long term. 
· Finally, machinery guidance and autosteer systems are examples of the successful adoption of new technology on farms. However, these are tools that help with SSCM; by themselves they are not PA.

Glossary

	Active sensing systems 
	Sensing systems that measure the characteristics of a reflected signal generated from an object bombarded with a signal from the sensor, e.g. radar.

	Aerial photography
	Remote sensing technique in which either an orbital satellite or aircraft records a photograph of a portion of the Earth’s surface. 

	Archive 
	The storage of historical records and data collected over a number of years. e.g. The Landsat data archive stored since the 1980’s.

	ASCII
American Standard Code for Information Interchange
	A standard coding system used for identifying alphanumeric characters within a computer.

	Aspect
	The horizontal direction that a slope faces.

	Attribute value 
	A numerical measure of a spatial element.  

	Band 
	A discrete interval of the electromagnetic spectrum between two wavelengths measured by remote sensing systems.

	Baud rate 
	A measure that describes how rapidly single digital elements are transmitted over a communications line. 

	Bit
	An abbreviated term for binary digit, the smallest unit of computer data.

	Block kriging 
	A spatial interpolation method used to predict unknown values at unsampled sites by appropriately weighting the known values at sample sites based on grid cells.

	Brightness value (BV)
	See Digital number

	Byte
	A unit of computer storage of binary data usually comprising eight bits, and equivalent to a character.

	Carrier 
	An encoded radio frequency signal in which information is transmitted.  

	Cartesian coordinates
	A system that describes a location on a planar surface. In terms of GNSS, the system is used to convert latitude and longitude (measured in degrees) into a measurement in metres (Eastings and Northings). See UTM.

	Centroid
	The position at the centre of an entity. Usually the middle of a two dimensional object, such as a polygon.

	Channel 
	The necessary circuitry for a GPS receiver to receiver signals from a single GPS satellite.

	Choropleth map 
	A map which shows regions or areas that have the same characteristics, such as a yield map, where quantitative spatial data is depicted by different colour variations of yield ranges.

	Classification 
	The process of assigning individual pixels of a digital image to classes based on spectral reflectance.

	Coarse acquisition (C/A) 
	A unique code for each GPS satellite that is accessible by the public for single and group use.

	Continuous management 
	A management system in which agricultural inputs are applied to a field on a point-by-point basis.

	Contour line 
	A line drawn on a map connecting a set of points all of which have the same value. 

	CORS
	Continuously operating reference stations used in a network to provide Global Navigation Satellite System (GNSS) carrier phase and code range measurements to support 3-dimensional positioning activities across a region.

	Datum
	A datum is a reference surface. For mapping there are two datums, one is horizontal the other vertical.  A geodetic datum defines an ellipsoid, an initial location, an initial azimuth and the distance between the geoid and the ellipsoid at the initial location (or locations)

	Decision support system (DSS)
	A system that is capable of integrating diverse data sources with expert knowledge and decision models to aid in the making strategic decisions.

	Differential correction 
	The correction of the GPS signal to improve location accuracy. This requires a secondary GPS receiver, called a base station, placed at a point of known position. The base station then measures bias errors that are used to correct bias errors at the location of interest. There are three common ways to access a correction signal from a base station. A marine beacon from a commercial FM radio station frequency supplied by AUSNAV.  A satellite provided by a specialised GPS operator.

	Differential management
	Applying decisions and inputs in different degrees/rates. It can include such operations as: variable rate of inputs, variable type or mix of inputs, variable placement, variable timing of inputs.

	Digital elevation model (DEM) 
	A digital representation of the continuous variation of elevation over space.

	Digital number (DN)
	The digital number or ’brightness value‘ (BV) is a number recorded for each pixel of a remotely sensed image in each band of the image.  The brighter the reflectance of a target in a particular band, the higher the digital number will be in the pixels covering the target.  The range of the values is dependent on the radiometric resolution of the sensor.  For an 8 bit image, the range of digital numbers will be 0 – 255 (i.e. 28 = 256 values).

	Electrical resistivity (ER)
	A measure of how strongly a material opposes the flow of electric current. A low resistivity indicates a material that readily allows the movement of electrical charge. It is the inverse of electrical conductivity

	Electromagnetic radiation (EMR)
	Energy that is reflected or emitted from objects in the form of electrical and magnetic fields. 

	Electromagnetic spectrum
	All the wavelengths of electromagnetic energy including visible light, infrared light, ultraviolet light and radio waves.

	Electro-magnetic Induction (EMI)
	Electromagnetic induction is the production of voltage across a conductor moving through a magnetic field. In PA the soil is the conductor and an EMI instrument is used to create a magnetic field within the soil and measure the voltage that is created.

	Ellipsoid
	An Ellipsoid is a solid for which all plane sections along the axis are ellipses or circles.  If any two of the three axes of that ellipsoid are equal, the figure becomes a spheroid (ellipsoid of revolution).  If all three are equal, it becomes a sphere.

	Enhanced thematic mapper (ETM)
	A passive sensor carried on Landsat 7. 

	Ephemeris data
	Data contained in the signal of all GNSS which provides orbital information of the satellites and allows the receiver to calculate the position of the satellites.

	Expert system
	A computer program that uses techniques normally associated with a human expert such as knowledge, heuristics and inference to solve a narrowly defined set of problems. 

	Extrapolation 
	The prediction of the value of a variable outside the measured range or an inference of the value of a variable.

	Gammaradiometrics 
	The measurement of natural gamma ray emissions of radioactivity, primarily from the top 30 - 50cm of soil or rock.  Often, this can provide information about the parent material of the soil that can be related to soil types across the region or paddock.

	Geocode
	A code representing a spatial element which describes its location incorporated into a GIS. 

	Geographic coordinates 
	Location system that uses latitude, longitude and height above an elipsoid model of the earth to describe a position on the earth.

	Geographic information systems (GIS) 
	A computerised database designed to efficiently capture, store, update, manipulate, analyse, and display all forms of geographically referenced information. 

	Geoid
	An equipotential surface; that is a surface that is at all points perpendicular to the direction of gravity.  This is influenced by variations in density of the crust and mantle.  For practical applications a spheroid is a good approximation. 

	Geo-referenced data 
	Spatial data that pertains to a specific location on the earth’s surface

	Geo-referenced system
	A coordinate system keeping track of specific points on the Earth’s surface. An example of such a system is the Universal Transverse Mercator system (UTM).

	Global Navigation Satellite Systems (GNSS)
	The standard generic term for satellite navigation systems that provide autonomous geo-spatial positioning with global coverage. GNSS allows small electronic receivers to determine their location (longitude, latitude, and altitude) using time signals transmitted along a line-of-sight by radio from satellites. 

	Global positioning system (GPS) 
	The GNSS developed and operated by the US Department of Defence. It is a network of 24 radio-transmitting satellites used to provide accurate geographical position fixing.

	Greenwich Meridian
	A line that runs due North-South through the Royal Observatory in Greenwich, England.  Running from Pole to Pole this line was adopted as a zero line for longitude by the British in the Seventeenth century and became the official Prime Meridian for the world in 1840.

	Grid
	A data structure that uses a set of grid cells forming a regular, or nearly regular, tessellation of a surface to represent an area like a field.

	Ground control point (GCP)
	An easily identifiable feature with a known location that can be used with other GCPs to geometrically correct an image.

	Ground truth
	The collection of information on the Earth’s surface at the same place and time as a remote sensor gathers data. This permits the interpretation and calibration of remotely sensed data sources such as a yield maps.

	Guess row
	The guess row is the gap between one pass of the seeding bar and the next; ideally this should be the width of the tine spacing).

	Guidance system
	A system of equipment for automatically guiding the path of a vehicle. 

	Hyperspectral sensor
	A sensor capable of simultaneously measuring hundreds of individual wavelengths of the electromagnetic spectrum. 

	Image rectification
	The process by which an image or grid is converted from image coordinates to real-world coordinates.

	Invasive sensing
	A sensing system that touches or penetrates the target to gather measurements.

	Inverse distance weighting
	A spatial interpolation method that assigns greater influence to known samples closer to a desired location.

	Kriging
	A method that interpolates data from a known set of sample points to a continuous surface by assigning a set of weights to the samples based a variogram model, the locations of the samples relative to each other, and to the point or block being estimated.

	Landsat (Land satellite)
	A series of unmanned earth-orbiting satellites used to study the earth’s surface.

	Latitude/longitude
	A polar coordinate system that specifically describes a position on the earth. Latitude is the north to south position. Longitude is the east to west position. Locations are described in units of degrees, minutes and seconds.

	Map projection
	A systematic transformation of locations on the spherical globe to locations on a flat plane while maintaining spatial relationships.

	Map-based variable-rate application system
	A system which adjust inputs based on a pre-made electronic map of the input using a differentially corrected positioning system to determine the applicator position in the field.

	Mean
	The average of a set of data in which the values of all observations are added together and divided by the number of observations.

	Mosaic 
	The process of joining database files for adjacent areas into a single file or image.

	Multispectral sensor 
	A sensor that obtains imagery from several different portions of the electromagnetic spectrum at one time.

	Nadir
	The direction pointing directly below a location. In PA it is used to in remote sensing to mean that the sensors on a satellite are facing the earth directly below its position.


	Near infrared 
	Portion of the electromagnetic spectrum lying near the red end of the visible spectrum. Wavelengths around 700-3000 nanometers.

	Nearest neighbour
	A spatial interpolation method whereby the predictions of attributes at un-sampled points are provided by the single nearest data point.

	Noise
	Random variations or error in a data set. 

	Non-invasive sensing
	A sensing system that does not touch the target to get measurements. Remote sensing is always non-invasive.

	Normalised difference vegetation index (NDVI)
	A common method of analysing remotely sensed imagery for vegetation health, vigour and greenness.  The index is created by subtracting the value of the red band of the imagery from that of the near infrared, and then dividing this by the sum of the red and near infrared bands.  Red light is strongly absorbed for photosynthesis and near infrared light is strongly reflected in healthy plants, so a high index value relates to high health and greenness.  The NDVI is the most commonly used vegetation index.

	Off-nadir
	Nadir imagery is imagery captured directly below the sensor (i.e. vertically downwards or on-track).  Many modern satellite systems also have off-nadir capacity to reduce revisit time.  Off-nadir imagery is imagery captured at an angle, that is, not vertically below the sensor.  This is achieved by orienting the sensor to point either side of its normal track (or even in front or behind, in some cases).  Imagery captured at an extreme angle suffers distortion problems.

	Orthophoto
	An orthophoto is an aerial photograph that has been orthocorrected.  Orthocorrection involves the removal of all geometric distortions such as variations in scale and relief.  It requires a digital version of the aerial photograph, a digital elevation model, high quality ‘ground control point’ of known location, and the calibration information for the camera used to capture the photograph.  An orthophoto can be used to measure distance and area accurately.  Ortho means “correct”, “true” or “straight”.

	Panchromatic
	A film sensitive to all or most of the visible spectrum, between 0.4 and 0.7 micrometers. Landsat 7 has a panchromatic band.

	Passive sensing system 
	Remote or proximal sensing systems that receive the naturally emitted and reflected signals from sensed objects.

	PCMCIA card 
	A removable card that is able to hold large quantities of data and able to withstand the harsh environmental conditions used in yield monitors. May be replaced by other mobile storage such as USB flash drives or SD cards.

	Pixel 
	An abbreviation for “picture element”. A pixel is simply the smallest picture element of a digital image. The smaller the pixels, the higher the resolution of an image.

	Polygon
	A multisided figure that represents area on a map such as a similar yields range, land use or soil type.

	Potential management classes
	A management class refers to land with a certain production potential. Management classes are separable by a difference in the average production potential for each class.

	Potential management zones
	Discrete areas of land that belong to a single management class. A field may have several zones of a particular management class.

	Precise (P) code
	A confidential pseudorandom code transmitted by GPS satellites.

	Proximal sensing
	The collection of information about an object, series of objects or landscape using a sensing system that is carried close to/in/on the target. Usually carried by a ground-based vehicle.

	Pseudo range
	A measurement of the true distance of a GPS receiver from a satellite.

	Pseudorandom noise (PRN)
	A regular binary sequence of code that has noise-like properties. It is merely measuring the distance to a satellite.

	Radiometric resolution
	The number of data levels that can be stored in each band of an image.

	Raster format
	Images that are represented by a matrix of row and column data points whose values when taken together, describe the display of an image on an output device.

	Real-time correction
	The practice of correcting the GPS signal by immediately sending the differential correction information to mobile receiver in use.

	Real-time kinematic (RTK) 
	A procedure where carrier-phase corrections are transmitted in real-time from a reference receiver to a user’s receivers.

	Rectification 
	Referencing to the Earth’s surface.

	Remote sensing
	The collection of information about an object, series of objects or landscape using a sensing system that is carried on an aerial or satellite platform.

	Scale 
	The ratio or fraction between the distance on a map, chart, or photograph and the corresponding distance on the ground. 


	SD card
	Secure Digital cards are a non-volatile memory card format for use in portable devices. Standard SD cards have a maximum capacity of 2 GB, SDHC (High-capacity) cards have a maximum capacity of 32 GB. 

	Selective availability (SA)
	Adopted by the US Department of Defence to introduce some error into the GPS satellite signals to reduce their accuracy for civilian users. This policy was discontinued as of May 2000 and is now turned off.

	Semivariance 
	A measure of how much neighbouring data points differ in value. Equal to half one-half the squared difference, it is used by the spatial interpolation technique of kriging.

	Sensor-based variable-rate application systems
	Systems that create applications maps by processing field data collected from real-time sensors as the implement moves through the field to alter an input, on-the-go.

	Site-specific crop management (SSCM)
	A management system that takes into account the variability of crop and soil parameters to make decisions on the application of production inputs.

	Spatial prediction
	Any prediction method that incorporates spatial dependence in the process of predicting unknown values between neighbouring known data values.

	Spatial resolution 
	Refers to the size of the smallest object on the ground that an imaging system, such as a satellite sensor, can distinguish.

	Spatial variability
	The variation found in soil and crop parameters (e.g. soil pH, crop yield) across an area at a given time.

	Spectral resolution 
	The capability of a sensing system to distinguish between electromagnetic radiation of different wavelengths.

	Spheroid
	A geometrical three dimensional figure used to represents the Earth. It is formed by rotating an ellipse about its minor axis.

	SPOT 
	The name of a series of French satellites used to study the Earth’s surface.

	Standard deviation
	A statistical term that tells how spread out numbers are from the average, calculated by taking the square root of the average of the squares of the deviations from the mean.

	Temporal 
	Pertaining to time, such as temporal variation (variation over time).

	Temporal resolution
	The time taken for a satellite to revisit the same location.

	Temporal variability
	The variation found in soil and crop parameters within a given area at different measurement times.

	Ternary image
	A three colour image derived from the three main gammaradiometric layers.  Red = potassium (K); blue = thorium (Th); green = Uranium (U), although at times the blue and green channels are swapped.  Example: high K; low Th, U will appear Red.  Low in everything is black.  High in everything is white.

	Thematic map
	A map depicting selected kinds of information relating to one or more specific themes such as yield or soil type.

	Thermal Band
	The infrared wavelengths of the electromagnetic spectrum.

	Trilateration
	The determination of absolute or relative locations of points by measurement of distances, using the geometry of spheres or triangles. Used in GNSS to calculate locations on earth.

	Universal Transverse Mercator (UTM)
	A commonly used planar coordinate system that uses a set of transverse Mercator projections to divide the globe into 60 zones, each covering six degrees longitude.

	Unsupervised classification
	An automated computer classification of digital imagery, where the computer groups pixels based on their similarity across the spectral bands in the imagery (spectral homogeneity).  The number of output classes and the spectral similarity limits are set by the operator.  The operator then examines the original image and attempts to aggregate the classes into “information classes” based on statistical and geographic adjacency.

	USB flash drive
	A USB flash drive consists of a flash memory data storage device integrated with a USB (Universal Serial Bus) interface. USB flash drives are removable and rewritable.

	Variable-rate application (VRA) 
	The adjustment of crop production inputs (e.g. fertiliser) to match conditions within a field.

	Variable-rate technology (VRT)
	Instrumentation used for automatically varying the rates of application of inputs across a field.

	Variance 
	A measure of dispersion of a set of data points around their mean value. The square root of the variance is the standard deviation.

	Variogram
	 A model of the way variation in a data set changes as the seperation distance between sampling points increases.

	Vector format
	A format where positional data is represented in the form of points, lines and polygons, where each of these units is composed of a series of one or more coordinate points.

	Yield monitor
	A system that gathers geo-referenced yield data by measuring the mass or volume of a harvested crop per unit area, by location, within a field.
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