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Welcome!

This gathering of the Australasian Precision Agriculture (PA) community in Wagga 
Wagga marks the 20th anniversary of the PA group at the University of Sydney. While 
the name has changed to the Precision Agriculture Laboratory (from the Australian 
Centre for Precision Agriculture), the group continues to work with other pioneering 
groups such as the Society of Precision Agriculture Australia Inc (SPAA), to provide 
excellent PA science and training, leading agricultural industries towards incorporating 
practical, sustainable precision agricultural management techniques.  

Over those 20 years we have seen a long line of Australian innovators and pioneers in 
PA tackle this goal of improving agricultural management. GNSS vehicle navigation, 
reflectance-based weed detection, operational sensors, implements, software and 
analytical techniques are part of the legacy of this work. Today Australia remains at the 
forefront of the development of PA tools, and practical applications, due in no small part 
to our agricultural ingenuity and the unique range of production conditions.

And while the wider community, and some within the agricultural world, may not know 
the significant gains made along the way, the increased interest in food and soil security 
and awareness of global climate change impacts, provide a new opportunity to shine a 
spotlight on the benefits built by PA.

The big ticket benefits relating to optimising production efficiency and minimising 
business risk will rightly receive the most attention, but it is worth us espousing the 
potential benefits that the balance sheet approach to assessment has difficulty 
encompassing. These benefits may include:  

 increased speed of operations  potential quality increase 
 improved timeliness of operations  options for commodity differentiation on quality 
 improved ease and efficiency of 
operations

 options for commodity tracking/preservation of 
provenance

 work more hours/shift safely  potentially reduced chemical storage and handling 
 facilitating carbon auditing based 
on production variability  

 spatial recording of operations for future 
management use 

 reduced erosion potential  spatial recording of operations to avoid litigation 
 reduced environmental impact  spatial recording of operations for insurance claims 
 identifying areas for land-use 
change 

 increased farm enterprise value with spatial 
records

 greater flexibility in use of labour  increased peace of mind/management confidence 

Let’s all explore how we can tell the myriad of good stories that PA brings to Agriculture.  

We will all learn more of them at this Symposium, so  please  enjoy  the unique  
interaction  and  inspiration  that  the  event  offers  to  all participants. Learn, Share, 
Connect and Be Inspired at the 18th Precision Agriculture Symposium in Australasia. 

The PA Lab and SPAA teams 
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Presentation program 

MONDAY 7thSEPTEMBER 2015  

12.00pm Arrival, Registration & Lunch  

12.50pm Welcome

1.00pm  The Quasi-Zenith Satellite System (QZSS) for delivering high accuracy 
real-time positioning. Dave Lamb (UNE PARG)  

1.20pm Developments in proximal soil sensing 
 Raphael Viscarra Rossel/Craig Lobsey (CSIRO)

1.40pm  Agricultural robotics and augmented decision systems 
 Robert Fitch (ACFR USYD)  

2.00pm  Practical use of PA tools in precision pastoral management 
 Greg Sawyer (Bralca)  

2.20pm  Industry news – John Deere  

2.30pm Afternoon Tea

3.10pm  Industry news – Case IH  

3.20pm SURCOMETRICS : precision soil science for plant performance (farm 
case studies of furrow performance in PA) Michael Eyres (Injekta Field 
Systems)  

3.40pm SPAA Project updates 
 Sam Trengove (SPAA)  

4.00pm  Big picture detail on-farm 
 Warwick Holding (Pontara Grain)  

4.20pm Industry news – Graingrowers  

4.30pm Is modern agriculture set for a big boost from UAVs? 
 Chad Colby (Colby AgTech)  

5.15pm Close

5.30pm PA Connections @ Wagga Wagga RSL

7.00pm Symposium Dinner @ Wagga Wagga RSL 
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TUESDAY 8th SEPTEMBER 2015  

8.45am Welcome

9.00am  Remote sensing trends for high-resolution soil moisture monitoring: 
Exploring the potential for farming and agriculture applications  
Alessandra Monerris-Belda (Monash University)  

9.20am  Optimising precision systems in Queensland vegetable production 
Ian Layden (QLD DAF)

9.40am  Quantifying yield variability of vegetable crops using load cell systems 
 Stephen Hegarty & Stephen Frahm (VNET Precision Farming)

10.00am  LiDAR, thermal and hyperspectral sensors for crop monitoring 
applications in PA 
 Jose Jimenez-Berni (CSIRO)  

10.20am  PA for sustainable farming
 Tim Neale (Precision Agriculture Pty Ltd)

10.40am Morning tea  

11.20am  Big farms, big pictures, big solutions: the future of satellite imagery and 
UAVs in broad acre farming Ben Boughton (Ag Maps Online )

11.40am  Developments in on-harvester quality monitoring 
 Phil Clancy (Next Instruments)  

12.00pm NCEA update: PA developments in sugar, irrigation and augmented 
reality 
 Steven Rees (USQ/NCEA)  

12.20am  Temperatures from Landsat 8: useful for PA decision-making? 
 Ben Jones (PASource Pty Ltd)  

12.40pm  Big ideas for using Data 
 Brett Whelan (PA Lab USYD)  

1.00pm  Evaluation, Close and Lunch
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FREE FUNCTIONALITY:

 Digital farm mapping

 Paddock record keeping

 Grain storage record keeping

 Paddock future planning

 Grain contracts and sales 
management

 Comprehensive operation, input 
and grain storage reporting

 Auto-created vendor 
declarations

 Receive recommendations from 
your connected adviser

 5-day historical weather 
summary

KEY POINTS:

 Free data entry tools 
Provided to help improve 
the efficiency of our 
farmers

 Data security  
Hosted in GrainGrowers 
own secure cloud and 
never sold to 3rd parties

 Developed by 
GrainGrowers   
Australia’s peak grains 
industry body

 Mobile App   
Available from the Apple 
and Google Play app stores

FREECALL 1800 620 519 

“I have not come across anything 
nearly this sophisticated in 

my 15 years in weather risk 
management – on 3 continents!”   

Norman Trethewey  
WILLIS AUSTRALIA LIMITED

“ProductionWise provides 
superior management tools 

and analytics which drives our 
decisions and farm profitability.”   

Linda Eldredge  
ELDREDGE & ASSOCIATES

“After 3 years using the 
ProductionWise system and the 

APSIM model, I am confident 
ProductionWise provides 

accurate yield forecasts.”   
Steve Todd 

AGRONOMY PLUS LIMITED

 AUSTRALIA’S MOST POWERFUL 
DECISION SUPPORT PLATFORM



Positioning Australia for its farming future: Utilising the Japanese 
Satellite Navigation System (QZSS) to deliver centimetre positioning 
accuracy across Australia 

David Lamb1,2, Phil Collier1

1Cooperative Research Centre for Spatial Information, Carlton, Victoria 3053 
2Precision Agriculture Research Group, University of New England, Armidale NSW 
2351

Contact: dlamb@une.edu.au

Farm businesses need accurate positioning to realise many economic benefits of 
precision agriculture 
The 2010-11 Agricultural Census found that there were 135,000 farm businesses 
across Australia.  The majority of these were involved in specialised beef cattle farming 
(28%), mixed grain-sheep or grain-beef cattle farming (9%), other grain growing (9%) or 
specialised sheep farming (8%). The total area of agricultural land in Australia in 2011 
amounted to 410 million hectares, 53% of the nation’s landmass. Agriculture is a major 
contributor to the Australian economy. The value of agricultural production in Australia 
in 2010-11 was $46 billion, with the value added by the agriculture industry accounting 
for 2.4% of GDP. Reports by Allen Consulting (2008) and Acil-Allen (2012) forecast 
significant growth in the economic contribution of the agriculture sector through access 
to a coordinated national positioning infrastructure. 

For many farmers actively embracing precision agriculture (PA), a reliable ~ 2-5 cm 
positioning capability is an important part of their business. Over the past 10 years 
research has shown a range of economic, environmental and social benefits follow from 
the adoption of this aspect of PA. These are particularly true in the context of controlled 
traffic farming (CTF) where the in-field operation of agricultural machinery is controlled 
autonomously to follow the same wheel tracks for every phase of the cropping process. 
Bowman (2008) and Yule et al., (2013) document the many benefits including improved 
safety, increased production, reduced inputs, less fuel consumed, less CO2 emissions, 
improved workflow and reduced operator fatigue. 

How do we realise 2-5 cm positioning accuracy with GPS? 
The use of the global navigational satellite systems (GNSS - or its better known sub-
group GPS) to position our machines (or at least the GNSS/GPS receiver on our 
machines) relies on determining the range (distance) between the receiver and a 
minimum of four orbiting satellites whose positions are accurately known. Spatial 
intersection of these distances is used to derive the 3D location of the receiver. This is a 
challenging process. To put it into perspective, to achieve 2-5 cm positioning accuracy, 
the distance to each satellite, which is more than 20,000 km away, must be determined 
to an accuracy of better than 2 cm.

GNSS receivers determine the range to a satellite by comparing an internally generated 
pseudo-random noise code with an identical code with a wavelength of approximately 
300 m, coming from the satellite. Ignoring errors, the delay between the receiver’s code 
and that arriving from the satellite is a simple function of the range between the two.  

2015 Precision Agriculture Symposium 7
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Errors impacting on these code measurements can cause the positioning accuracy to 
be in the order of several metres for a receiver operating autonomously, which is well 
short of what is needed for PA.  Even differentially corrected code-based positioning, 
delivering accuracies of 1-2 m is not sufficient to realise the benefits of CTF. 

Accuracy can be substantially improved by not using code measurements but rather 
measuring on the carrier wave on which the code is transmitted. The wavelength of the 
carrier signal is approximately 20 cm. Significant improvements in ranging, and hence 
positioning accuracy, can be achieved by determining the exact (integer) number of 
carrier cycles between the satellite and the receiver antenna. Receivers measure the 
fractional part of the incoming carrier signal, they cannot measure the number of full 
cycles.  This so-called “integer ambiguity” must be derived mathematically and poses a 
significant computational challenge (Laurichesse et al., 2009).  Resolving this integer 
ambiguity is a fundamental pre-requisite for centimetre level positioning accuracy.  
Doing so in real-time and with rigour and reliability is the ‘holy grail’ of satellite 
positioning. 

In addition to the ambiguity resolution problem, there are a number of physical errors 
impacting on the measurement process, including satellite orbit and clock errors and 
atmospheric delays from both the ionosphere and the troposphere. An effective method 
of correcting for many of these errors is to use a nearby stationary base station as a 
reference point relying on the implicit assumption that the base and the rover receivers 
are subject to similar errors which then cancel out in the differential (carrier-phase) 
solution. This assumption holds when the base and the rover are relatively close 
together (10-15 km), but begins to break down over larger distances as the common 
errors de-correlate in spatial terms. In operational terms, this single base (RTK) 
approach may fail when a base station is servicing the needs of a region rather than a 
single farm.

A further limitation of the private base-station approach is that the user (e.g. the farmer 
or the cooperative organisation) assumes the material and financial risks associated 
with the purchase, maintenance and operation of the base station and the associated 
communications link that delivers the correction message to the rover.

A solution to the limitations of the single-base RTK approach is to deploy an array of 
Continuously Operating Reference Stations (CORS) at known locations and to operate 
the rover(s) within the confines of the area covered by the network.  This approach is 
known as Network RTK (NRTK) and allows users to be several tens of kilometres from 
the nearest base station and still achieve centimetre accuracy in real-time.  The real-
time function of NRTK relies on a stable and reliable communications infrastructure to 
deliver the correction message from the network analysis centre to the rover.   Most 
commonly, this is done using terrestrial (not satellite) communication channels 
exploiting the mobile phone network.  While an attractive solution in many 
circumstances, the main disadvantages of NRTK in a PA context are its reliance on a 
dense (say 70 km spacing) CORS network and access to high speed mobile internet.  
These requirements sometimes inhibit NRTK adoption, particularly in the more remote 
parts of the country. 
An alternative to RTK and NRTK is a positioning methodology known as Precise Point 
Positioning (PPP).  PPP is an enhanced single point (autonomous) positioning 
technique that, instead of relying on the cancellation of spatially correlated errors using 
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nearby base stations, employs enhanced physical models for the satellite orbits, clocks 
and other satellite biases, in addition to a complex model for the influence of the 
ionosphere and troposphere. 

While PPP and its many variants dramatically reduce dependence on a CORS network, 
the practical cost is slowness in solution ‘convergence time’.  It can take several tens of 
minutes and sometimes one to two hours for a PPP solution to achieve accuracies 
equivalent to NRTK.  This slow convergence is a by-product of the external errors 
hindering the resolution of the integer ambiguities.  Time is generally needed to 
overcome this problem. 

The middle ground is to mix the PPP and NRTK approaches to overcome their 
respective limitations and capitalise on their advantages.  This hybrid approach is 
known as PPP-RTK.  PPP-RTK brings some level of reliance on a CORS network which 
allows the external error models to be more finely tuned to local needs (e.g. variations in 
the local atmospheric conditions).  The enhanced error modelling allows a faster and 
more reliable determination of the integer ambiguities, allowing the PPP-RTK solution to 
converge in a much shorter time compared to conventional PPP.  Thus the PPP-RTK 
approach has the same “look and feel” as NRTK, but is delivered off a much sparser 
ground infrastructure.  Several technical challenges remain in the operational 
implementation of PPP-RTK, but in a PA context the reduced reliance on a CORS 
network is an advantage that resonates in remote and regional parts of Australia. 

The remaining challenge is delivering the PPP-RTK correction message to remote 
users, and thereby decoupling them from dependence on the mobile phone network. 

Delivering a precise positioning augmentation message across Australia requires 
a satellite-based communications infrastructure to deliver correction signals. 
Presently only 9% of the country is served by NRTK positioning services, leaving users 
in remote parts of the country to either build, operate and maintain their own ad hoc 
system (i.e. run their own RTK base stations) or to continue working without the gains 
and benefits real-time precise positioning can provide. To overcome the significant 
barriers to adoption that emerge in a vast and sparsely populated country like Australia, 
an alternative mode of positioning is required and the delivery mechanism of any 
precise positioning capability must be made uniformly and consistently available. 

Japan’s Quasi-Zenith Satellite System (QZSS) is a regional Satellite Based 
Augmentation System for the Global Positioning System. The first QZSS satellite 
'Michibiki' was launched on 11 September 2010 and is now fully operational. In 
February 2015, Japan's Cabinet Office announced the expansion of QZSS to a four 
satellite constellation by 2018 and a seven satellite system by 2023. The primary 
purpose of QZSS is to increase the availability of satellite positioning in Japan's major 
cities, where only satellites at high elevation can be routinely seen. A secondary 
function is to deliver augmented positioning services to enhance accuracy and reliability 
of satellite derived navigation solutions. The QZSS LEX signal (L-band Experimental) 
offers the capability to deliver a PPP augmentation message to users within the QZSS 
service region.  It is important to appreciate that, due to their orbital configuration, QZSS 
satellites spend a significant proportion of their time over Australia.  When fully 
operational, QZSS LEX will provide national 24 hour coverage. Coupling QZSS LEX 
with the emerging capabilities of PPP-RTK could deliver real-time centimetre accurate 
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Precision Agriculture.com, Japanese Aerospace Exploration Agency, The Australian 
Government Department of Industry, SmartNet Australia Ltd and C.R. Kennedy Pty Ltd. 
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If soil conditions often make short planting and harvesting windows even shorter, the 

new Case IH Magnum Rowtrac can help you start sooner, work longer and enjoy higher 

yield potential. Its agronomic design means reduced compaction and a better growing 

environment for your crops. To find out more about this revolution in track technology, 

visit www.caseih.com or talk to your local Case IH dealer.

BETTER FLOTATION. IMPROVED  
MANOEUVRING. MORE FLEXIBILITY.

Case IH Australia
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Developments in proximal soil sensing 

Craig Lobsey, Raphael A. Viscarra Rossel 
CSIRO Land and Water 

Contact: Raphael.Viscarra-Rossel@csiro.com 

Proximal soil sensing (PSS) provides rapid and low cost soil measurements and can 
therefore satisfy the soil information requirements of Precision Agriculture (PA). Sensors 
can be used to acquire spatial and temporal data on soil attributes that affect crop 
growth, e.g. nutrients, water, pH, texture. 

The high resolution and detailed measurements enabled by PSS can be used 
independently, or combined with crop and remote sensing to enable site specific 
management of the soil (e.g. variable rate fertiliser and lime application), crop (e.g. 
variable rate seeding and optimized irrigation) as well as constraints to crop growth (e.g. 
sodicity and compaction). 

Current PSS techniques can be classified by the type of measurement (invasive [insitu 
or exsitu] or noninvasive), the source of energy (active or passive), their operation 
(stationary or mobile) and specificity (direct or indirect measurements). Although there 
are many commercially available sensors for stationary insitu measurement of soil 
water, there are few offtheshelf platforms for direct measurement of soil properties (e.g. 
the Veris MSP for soil pH) and optical measurement), and fewer still for measuring soil 
nutrients.

Many of the commercially available sensing techniques that are commonly used in PA, 
such as electromagnetic induction (EMI) and gamma radiometrics, provide rapid and 
onthego measurements of bulk soil properties, such as soil electrical conductivity or 
elemental potassium. The sensors are useful for characterising soil variability and 
delineating management zones. However sensors for direct measurement of important 
agronomic properties, such as plant available nutrients, are missing. 

In this presentation we will provide a review of PSS, existing technologies and those 
that are in development. We will also provide snapshots of work towards the 
development of a proximal soil nutrient sensing system and a system for measuring soil 
carbon.
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Agricultural robotics and augmented decision systems 

Robert Fitch, Salah Sukkarieh 
Australian Centre for Field Robotics, The University of Sydney

Contact: rfitch@acfr.usyd.edu.au

Summary
The Australian Centre for Field Robotics (ACFR) at The University of Sydney is one of 
the largest field robotics groups in the world and is recognised as one of the leaders in 
agricultural robotics research. We conduct research using both ground and aerial robots 
that is helping to shape the future of farms. 

Over the last five years there has been a rapidly growing interest in the use of 
automated machinery and software processes amongst various agricultural and 
environment groups. The farm of the future will likely involve a 'system of systems' 
where teams of relatively small robots and sensors work together to collect information 
and perform mechanical tasks.

In this presentation, I will explore our work in the development of robotics and intelligent 
systems for improving land and labour productivity of farms, and will provide examples 
from the broad-acre agriculture, tree crop, and vegetable industries (Figure 1).

(a) (b) 

   
Figure 1. The Ladybird, a ground robot for the vegetable industry (left); two ground robots and 
one aerial robot for crop surveillance in tree-crop applications (right). 

With better sensing, data analytics, and real-time control, robots will be able to collect 
vast amounts of precise information about the health and maturity of crops. This 
information, along with the automation of mechanical processes, will help to increase 
the efficiency of farming, leading to better yield and profitability.  

We will also start to see new capabilities such as variable rate planting and fertigation, 
minimal (if any) chemical usage, and selective harvesting. Through these advances, 
agricultural robotics has the potential to transform the way food is grown, produced, and 
delivered. 
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High performance
Low operating cost

Five exclusive S-Series features that drive more 
value from harvesting:
–  The single rotor design is simple and reliable with few moving parts 

which means lower power consumption.

–  NEW: Active Concave Isolation automatically adjusts the clearance to 
handle heavy, dense crops without overloading the rotor.

–  Powerful residue management which distributes straw across the 
entire chopper width to ensure high steady chopping quality and 
even distribution.

–  Less maintenance: The S-Series combines are really easy to maintain. 
In fact, there are no daily grease points.

–  ProDrive™ Transmission gives a real boost to performance: Higher torque 
across the whole speed range means better performance in muddy or 
hilly conditions.

JohnDeere.com.au 

* Conditions apply. Finance available through John Deere Financial Limited to approved commercial 
applicants only. Offer is based on 30% deposit, GST back and 4 annual payments for John Deere Financial 
customers having a current Finance Contract with John Deere Financial. Fees and charges apply. If not 
amended or withdrawn earlier, the promotion expires on 31/10/2015. Other terms and rates are available.
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Practical use of PA tools in precision pastoral management 

Ben Watts 
Bralca

Contact: info@bralca.com 

Summary 
o The ongoing pressure to realise productivity increases and labour efficiency 

has challenged the thinking of precision agriculture in the grazing industry. 
o The team at Bralca has worked with new technologies over the past ten years 

to trial, and where appropriate, embed these tools within established 
operations. 

o A range of technologies have been applied to provide a mix of planning, 
operational and monitoring applications with high accuracy and reduced labour 
requirements.

o By working differently, not harder, it has been found that our system can 
improve return on investment in both intensive and pastoral zones with 
investments under $50,000 per farm. 

The use of electronic identification (EID) of individual animals in both cattle and sheep 
linked to their life long performance and traits has long been understood as valuable 
technology, the linking of this established system to our pedigree match maker 
(PMMM)stations which automatically link animals with their progeny is one tool that has 
changed the shape of things in the paddock. Alongside (PMMM) we also utilise panel 
readers and weigh systems to run awl over weighing (WOW) which collects weights 
from animals walking over a remote platform situated near a water point or dry lick 
station. By collecting and monitoring ongoing individual animal weights, one can track 
weekly weight gains without the cost (financial and production) of removing animals 
from their grazing area for weighing. This system has shown to be of great use in both 
growing seasons when one is planning the turn off date of stock, but also in non 
growing seasons when managing breeding females to maintain body weight is critical. 
Within Bralca clients, the cost per record collected is in the range of $0.02-$0.05. For 
producers only collecting one or two records manually throughout the year this cost was 
in the range of $0.22-$0.35 

The use of ultrasound pregnancy testing at early stages has proven to be a tool of great 
merit across our livestock industries. Bralca has worked mainly with cattle and sheep 
producers in the identification of pregnancies at 42 days. This allows management 
decisions to be made for those pregnant animals, whilst identifying animals with lower 
fertility to be removed from the breeding herd and finished for sale to provide cash-flow 
for the business. By repeatedly selecting animals which fall pregnant in their first two 
cycles of joining, it has been demonstrated that significant lifts in fertility can be made 
within the first 3 years.

In sheep flocks in NSW, Vic and SA gains of 30% lambing were observed whilst 
Northern QLD cattle operations have reported 20% gains over their 3 year period. 
Bralca provides training for producers to understand the use of ultrasound within their 
own business. Over the past 3 years we have trained over 220 growers who now use 
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their own equipment to accurately scan animals at the time that suits them without the 
costs of contract scanners. 

Automatic weigh boxes and scanning crates have been utilised to improve animal 
throughput for weighing and scanning, these units are best utilised across a number of 
sites so have been customised to be transportable. The crates allow for safe handling of 
individual animals, safe procedures for the operator, automatic collection of EID's and 
weight along with the drafting and recording of pregnancy status etc has increased the 
efficiency of operations but also ensured that valuable data is collected at each use. 

UAV's (Drones) have been trialled in our operations over the past 2 years. These units 
are now used on a weekly basis for the monitoring of water, pastures, fence lines, crop 
areas and native vegetation areas. 

Early work with UAVs showed great opportunity for live surveillance in rural and remote 
areas, however with limited automation those early systems provided little in the way of 
labour efficiency. Bralca has worked to become the leader in UAV systems to to provide 
reliable, repeatable high quality monitoring imagery using an innovative combination of 
leading hardware, user-friendly software and producer focused training to empower 
growers to operate their own systems on farm at the time to suit them day or night 
rather than rely on service providers. 

The use of UAVs for monitoring water points, streams and livestock movement has 
provided additional information to growers once the imagery was reviewed. This 
included the change in pasture composition and density not seen from on the ground, 
but also the movements of stock whilst in their undisturbed sate grazing. Further work is 
now being undertaken in the use of UAV's for the monitoring and control of feral pests 
such as wild dogs and pigs. 

The cropping and intensive pasture production sector has shown a real application for 
NDVI imagery providing information on crop health. With the use of a simple NDVI 
camera live reporting can be obtained to assist with informed realtime decision making. 
The next step in this journey has been the use of multi spectral sensors which can 
identify a range of specific features from moisture stress in broad acre crops, disease in 
stress in horticulture or viticulture crops through to specks such as blight in potato 
crops.

Grower applications from industry has been the driver behind this and team Bralca is 
continuing to create platforms that can accurately monitor our production areas. With 
the ability to map crops to a resolution of 1 pixel per square cm, this new level of 
equipment provides growers with the ability to monitor their operations at times suited to 
them, but more importantly it empowers the producer in remote areas to have an extra 
set of eyes in the sky to assist them spend their time where it is most beneficial. 

Multi copters have proven to be of use in intensive operations such as monitoring of 
lambing ewes and calving heifers or checking water points with high clarity within areas 
of 100ha per flight. For larger scale operations we have used plane UAVs which provide 
the ability for flight distance up to 120kms or crop mapping up to 200ha per flight. 
Modelling of this system has shown a benefit for a pure livestock business using a UAV 
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for weekly water runs, reducing labour costs and prolonging the life of vehicles on the 
farm.

As growers begin to utilise their UAV in other applications such as monitoring livestock, 
pests and crop or pasture growth we see the real value of these units. 
Costs of a unit will depend on the individual operation, as a guide costs of $8.00- $12.00 
per hour of flight or $0.05-$0..08 per ha monitored. 

Bralca is running information courses across Australia to assist grower groups to 
understand and explore opportunities for the use of grower operated UAVs in their own 
production business. It has been the collection, management and reuse of data that is 
shining through as the point at which precision management within livestock business' 
finds its real value proposition. 

For more information contact Team Bralca       (www.bralca.com) 
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SURCOMETRICS : precision soil science for plant performance (farm 
case studies of furrow performance in PA) 

Michael Eyres, Edward Scott,  
Injekta Field Systems. Kent Town. South Australia. 

Contact: michael@injekta.com.au 

Abstract
Surcometrics – The science of planted furrow performance. 

Evidence has emerged that conservation tillage is producing unintended consequences 
for soil at the paddock level. This includes the physical and chemical alteration of soil 
down through the soil profile, leading to new constraints for plant growth and crop yield. 
But perhaps more importantly, is the evident lack of industry focus on soil and 
complacency towards soil management, leading to a ‘blind spot’ in the farmers land 
management toolkit.

Soil is often now being cultivated (and fractured) to greater depth with conservation 
tillage than previously in conventional tillage systems where historically many tillage 
passes worked the soil more vigorously to a shallower depth. This is the case, certainly 
with knife edged tillage, using tractors with far more horsepower per tyne than ever 
before. This deeper tillage can lead to soil disturbance and compaction (Zhang et al. 
2007), which can have positive or negative consequences depending on the soil type 
and condition.

The focus of some farmers is now turning back to soil management as the base of 
agricultural production and as a key indicator to land management performance 
(Valzano et al. 2005). Outlined below is a soil management tool that is being used as 
part of this approach.

Surcometrics is the use of individual and inter-related factors (inherent and dynamic) 
related to soil condition – chemical, physical and biological, soil nutrient availability and 
nutrient uptake potential as effective reference points for the improvement of crop 
productivity in individual and varying soil types. (SUE). Surcometrics is effectively an in-
furrow based interpretation of soil condition and land suitability (capability) to generate 
field information powerful enough to effect net farm productivity.

‘SurcoMetrics’ (The science of planted furrow performance), is a term derived from the 
Spanish word for furrow (Surco) and the word “Metrics” which is the English word used 
to describe the standards of measurement by which efficiency, performance and 
progress can be measured and assessed. The soil science involved in comprehension 
of how soil condition relates to plant productivity needs to be considered by farmers far 
more comprehensively than in the past if conservation tillage systems are to advance. 
The best intervention point for plant production is as tillage implements are used to sow. 
Sowing equipment can be used and simply modified in a strategic manner that is 
suitable to soil type and soil condition, in order to capitalize on this point of intervention 
to manage soil conditions for plant performance and soil potential. The approach 
replaces the current “plants down” approach to soil management or soil adaptability with 
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a “soil –up” approach that is key to further progressing agricultural productivity. This is 
the focus point of Surcometrics. 

Many cropping systems are utilizing variable rate nutrient applications (nitrogen and 
phosphorus) across landscapes according to soil types. However, little consideration is 
given to the condition of the soil down the soil profile. When conservation tillage 
practices are applied to a management system the Surcometrics approach provides 
insight into what is known as a Vertical Rate guideline. This effectively incorporates the 
impact of the individual soil horizons on plant accessible water and nutrients (including 
oxygen and carbon dioxide).

Surcometrics is already being utilized in management strategies throughout Australian 
cropping systems. This has been evident in many forms and individual applications of 
the concept. These approaches are being proven on a case by case basis to improve 
soil performance, and in turn, increasing  plant productivity.
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SPAA Project updates 

Sam Trengove1, Stuart Sherriff1, Nicole Dimos2, Hermann Leithold3, Steffen 
Müller3, Nick Poole4, Michael Straight4, Tracey Wylie4, Sarah Noack5, Peter 
Hooper5

1Trengove Consulting, 2Society of Precision Agriculture Australia, 3Agricon, 4Foundation 
for Arable Research Australia, 5 Hart Field Site Group 

Contact: samtrenny34@hotmail.com

Introduction
SPAA is involved in several collaborative research projects. Two of these projects are

o The H-Sensor: a weed ID and mapping system 
o Management strategies for improved productivity and reduced nitrous oxide 

emissions 

This presentation will provide results generated to date from these projects. 

The H-Sensor: a weed ID and mapping system 
Site specific weed management (SSWM) has the potential to deliver significant 
improvements in weed control efficiency, through the targeted application of weed 
control measures only to where the weeds are located. Improvements in weed control 
efficiency will typically be achieved through reduced herbicide usage where herbicide is 
not required. A key component of SSWM is to correctly identify the weed and its 
location. 

Presently, the only commercial weed sensors are spot spray systems that are only for 
use in fallow situations, where all green plants are considered weeds and sprayed, such 
as the Weedseeker and WEEDit systems. However, numerous groups around the world 
have been working on sensing systems that can identify different weed species within a 
growing crop, including several groups in Australia, however there are no commercially 
available products yet.  

Agricon is a precision ag company in Germany that is developing and commercialising a 
weed ID sensor for the European market (Figure 1). This sensor uses near infrared and 
red imagery and leaf shape parameters to differentiate different weed types from crops. 
SAGIT is funding a project led by SPAA to assess this weed ID sensor in Australian 
crops and to produce new adapted classifiers for identifying important Australian weeds 
in Australian crops. This includes all the grain legumes lentils, field peas, faba beans, 
chickpeas and lupins which are not typically grown in Europe. Examples will be 
presented (Figure 2). 
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Figure 1. The H-Sensor mounted to the ute for mapping and collecting images of the crop and 
weeds. 

(a) (b) 

Figure 2. (a) wheat and an indian hedge mustard collected in the red and near infrared spectrum, 
and how the sensor has classified these differently, (b) lentil and ryegrass collected in the red and 
near infrared spectrum, and how the sensor has classified these differently. 

Management strategies for improved productivity and reduced nitrous oxide 
emissions
Nitrous oxide (N2O) is an important greenhouse gas, having a global warming potential 
298 times that of carbon dioxide (CO2). One of the primary sources of nitrous oxide in 
the atmosphere is from agricultural soils. A Department of Agriculture Action on the 
Ground project is seeking to quantify the nitrous oxide losses from cropping soils in 
south eastern Australia. The project will trial five practices in wheat – rotation (canola, 
lentils and peas), timing and rate of nitrogen fertiliser applications, nitrification inhibitors, 
use of irrigation, and crop sensing tools – on farms in South Australia, NSW and Victoria 
over the 2014-16 cropping seasons.

In 2014 trials were conducted at Hart in SA and Yarrawonga in Vic. At Hart N2O
emissions ranged from 90-360g N20/ha, whilst at Yarrawonga they ranged from 212-
1922g N2O/ha. The difference in emissions between the sites reflects differences in 
rainfall received and soil moisture, where Yarrawonga had a very wet start to the 
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season and endured approximately 2 months of 45% soil moisture. At both sites higher 
N2O emissions were measured where N was applied at sowing compared with nil N or 
N applied at the start of stem elongation (GS31).

In relation to the use of crop sensing tools in this trial: 
o Crop growth and vigour of wheat grown ex lentils was greater than for wheat 

grown ex canola at Hart. Greenseeker NDVI was able to detect these 
differences.

o The wheat ex canola showed a greater response to N applied (80 kg N/ha) at 
sowing than wheat grown ex lentils, though both were responsive. 
Greenseeker NDVI was able to detect these differences in N response, 
indicating a higher response index (RI) for wheat ex canola than wheat ex 
lentils. 

o Based on the greater response index (RI) for wheat ex canola an N rate of 
51kg N/ha was calculated whereas for wheat ex lentils an N rate of 25kg N/ha 
was calculated as being required. This was applied at GS31. 

o These rates were lower than the highest rates (80 kg N/ha) applied in the trial. 
In general there was a rate response with increasing yields with increasing N 
rates to the highest N rate. Therefore the yield of the tactical treatment was 
lower than the high rate treatments. 

o Whilst the sensor measurements were able to detect the differences in crop 
growth due to rotation and up front N application, the algorithm used to convert 
this to a N recommendation understated the N requirement. 

o The use of crop sensing tools at the Hart site resulted in lower N applications 
being applied to the wheat crop at stem elongation. Initial results suggested 
that there was a small reduction in yield and protein associated with this 
reduction but the difference from the optimum N rate and timing was not 
statistically significant.

These trials are being repeated at Hart and Yarrawonga in 2015. 
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Hutcheon & Pearce TECSight® Delivers 

 
TECSight® is a new level of remote support from one of the leading John Deere dealers. It's a 
combination of John Deere Products, Technology and Hutcheon & Pearce’s remote support 
capabilities.  Hutcheon & Pearce’s TECSight® support centre gives you access to quality trained 
specialists with all the necessary information, solutions, simulators and experience to talk you 
through the issues that may arise during your day-to-day operations. These are the issues that do 
not require a technician to travel to the machine but are still affecting your productivity. Having 
this over the phone support when and where you need it will reduce your overall costs and 
downtime. 
 
TECSight® also monitors your tractor and/or header remotely and can advise the operator via 
mobile phone, on suggested settings, screen setup, when parts need replacing or even organise 
servicing. Plus if you break-down you have direct access to Hutcheon & Pearce technicians who 
can talk you through the problem... all of this, without you leaving your tractor or header seat... 
this is what we call Technology Enabled Customer Support. 
 
Subscribing to TECSight® gives you access to: 

Over-the-Phone Support – TECSight® Solutions Specialists are awaiting your call.  
Machine Optimisation – TECSight® enables peace of mind through monitoring JDLink 
codes and notifying owners of red alert situations and investigating low level codes. Also, 
the option of providing optimisation reports on machine utilisation, fuel levels and any 
service needs.  
Ag Decision Support – TECSight® aids with agronomic decisions through the correct 
creation, transfer and sharing of input/output data. We can facilitate the data sharing 
process through to agronomic consultants/advisors or third parties for data interpretation 
to help you implement agronomic decisions. 
Logistics Optimisation – TECSight® help efficiency by monitoring multiple machines in 
larger fleets. The support team can assist the service department to coordinate machine 
locations for mechanical repairs allowing quick, efficient location and decreased downtime.  

Contact us on: 
 

 
(02) 5924 5111 

(Save us in your phone now!!) 
Email: issc@hutcheonandpearce.com.au 
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Big picture detail on-farm 

Warwick Holding 
Pontara Grain, Yerong Creek NSW 

Contact: pontaragrain@bigpond.com

Take home message: CTF will improve your soil and lift your yield over time. 

The team 
Warwick, Di and one full time employee Ryan. 

The farm
We farm 2000 ha which is a mix of owned, leased and share-farmed land. We also 
contract farm 800 ha on neighbouring properties, doing all operations. We farm a range 
of soil types including sandy loam, loam, clay loam and sodic red clay. The soil pH 
(CaCl2) ranges from 4.5 to 5.8. 

The farming system  
We continuously crop with no livestock and for the past 10 seasons have used a 
controlled traffic farming (CTF) system. We have permanent bare tracks on 3 m wheel 
centres in a 12 m system. It is very simple. We drive the machinery on the hard 
permanent wheel tracks and grow crop in the well-structured, uncompacted soil. 

Using 2 cm RTK auto-steer allows us to inter-row sow most paddocks in most seasons. 
We sometimes have to burn stubble to allow sowing with our tine machine. In these 
cases we turn it into an opportunity to use pre-emergent herbicides. 

We are looking at wheat varieties and/or the use of growth regulators in wheat to 
minimise crop height, harvest height and stubble length to improve our ability to sow 
with a tined machine into fully retained standing stubble. We are also considering post-
harvest stubble treatments such as mulching. 

Paddock records are an important part of our business allowing us to fully understand 
the costs and returns driving profitability. We calculate cost per tonne and per hectare 
and compare crop types, varieties and farms (soil types). We also use return on dollars 
spent as a key indicator to compare crops, farms and seasons. Fifteen years of records 
allows us to look at the big picture in detail. We can identify profitable rotations and also 
quantify the differences in profitability and sustainability between properties. We use this 
to underpin the profitability of lease properties and be confident in determining realistic 
lease rates. 

Measuring and recording operations, inputs and outputs allows us to revisit the numbers 
and learn how our decisions around rotations, nutrition, operations and the smaller 
details affect the big picture – profitability. 
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We started yield mapping in 2004. We have used: 

o EM (31 and 38) soil surveys for soil type mapping 
o Elevation mapping to identify correlations between elevation, frost damage and 

yield
o Satellite imagery to get an eye in the sky picture of what is happening on the 

ground
o Soil pH mapping to identify zones for ground-truth soil testing to enable 

targeted application of lime and gypsum rather than a single blanket application 
o Drone photography of trials, crops, real time inspection from above (Figure 1). 

And it’s fun! 

Figure 1. Big picture - Gregory wheat from drone in 2014. 

We have looked at variable-rate phosphorous application. Our aim was replace the 
phosphorous removed in the grain by analysing multi-year yield maps to develop 
application maps. We decided not to adopt variable-rate at this stage as the initial setup 
cost appeared to be similar to the expected medium term savings (cost = benefit) and 
we lack confidence in our ability to implement it. 

Trials
We conduct many trials on farm which is quite “do-able” in the CTF system (Figure 2). 
We are co-operators in the National Frost Initiative trials (Farming systems to improve 
crop susceptibility to frost and Farming systems to improve crop tolerance to frost – 
crop nutrient management) now in the second year. We also have numerous other trials 
including (in 2015): 

o Farmer retained and sized seed in canola  
o Growth regulators for stubble management in wheat 
o Foliar fungicide use at flowering targeting Sclerotinia in canola. 
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Figure 2. Detail - Gregory wheat in canola stubble with CTF bare track 2014 

CTF system
In the 10 years we have been using CTF the in-paddock variability has been 
disappearing, our crops are becoming more and more uniform. If you can’t see any 
evidence of wheel tracks in your paddocks, chances are the entire paddock is 
compacted. CTF will improve your soil and lift your yield over time. If you can see 
evidence of wheel tracks in your paddocks CTF will improve the soil and machine 
trafficability.
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Is modern agriculture set for a big boost from UAVs? 

Chad Colby 
Colby Tech 

Contact: https://www.facebook.com/thechadcolby 

@TheChadColby  

http://www.agtechtalk.net/ 

Did you know your iPad just turned 5 years old this year? Over the past 3 years I have 
had the honour of sharing an amazing new technology in the Agriculture Industry with 
industry professionals across the United States and Canada. Without question the 
hottest technology topic is Unmanned Aerial Systems (UAS).  Visiting with growers and 
industry professionals I have learned so much about the status of UAS and what 
growers want from this new fast paced technology. 

With a lifetime background in farming and aviation, in my opinion 2015 is really setting 
up to be the breakthrough year in UAS. Not only is the FAA beginning to show a path of 
commercial use with recent announcement of notice of proposed rulemaking (NPRM) 
but the UAS industry is moving SO fast it’s hard to even believe looking back over the 
past 3 short years how far it has come. 

There’s been so much talk in Agriculture Industry about Unmanned Aerial Systems 
(UAS) over the past few years as we all know. It’s seem like, in my opinion, the industry 
has began to realise the important thing to the farmer is the value of the useful data. 

After attending AUVSI earlier this year, I can report that the UAS industry is working 
hard to develop specialised technology for agricultural use. As we all know getting 
imagery beyond visual sight is nothing new, it’s been around over 20yrs +.  The 
challenge has always been getting useful data in a VERY timely manner. It has just 
taken too long to get the data in time to make a decision from it. So many things can 
change in your field if you have to wait 24-48hrs for the imagery. 

The biggest misconception about Unmanned Aerial Systems 
The biggest misconception would be that spending more money is better, but remember 
this, it’s NOT about how much money you spend. Too many times I hear about “first 
time” platforms costing $5000-$7000 or more just to carry a GoPro camera. Many 
amazing systems exist today for $1000-$4000. 

Simply stated, the most important part of these UAS platforms is the images they 
create. You should expect over the next couple years some amazing advancement in 
this area. And it’s NOT about spending mega cash on a camera like it was just a couple 
of years ago. Remember when a 40 or 50” flat panel TV was $3000, and now it’s $300? 
It will be same with UAS. In fact, some companies are effectively converting the 
common GoPro cameras (Peau Productions) to create more effective images. 
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What’s working well in USA 
Recently a couple of UAS companies, Ag Eagle Inc and Precision Hawk, have taken 
this technology to the next level. Both companies have developed technology to 
process data during flight, allowing the operator to get actual imagery beyond visual 
sight VERY shortly after flight. THIS is a BIG DEAL!

Recently I had a chance to visit Ag Eagle Inc in Kansas to review their new creation in 
person. The Ag Eagle Carbon Pro is the same proven “shape” as the Classic Ag Eagle 
but it’s now made with advanced aviation construction methods.  Now, just like many full 
size aircraft, the Ag Eagle Carbon Pro uses carbon fiber wing construction. This is a 
HUGE deal, much lighter and much stronger. Now after several flights, I can tell you this 
works like a dream.

As the Ag Eagle Carbon Pro flies, images are captured at a regular interval, which 
means hundreds of photos are gathered while in flight. The images are assembled 
automatically during flight, creating a seamless aerial map. It is no longer necessary to 
remove the SD card from the camera, copy the images to your computer, and process 
them with complicated software, which can take many hours. The new Ag Eagle Carbon 
Pro is powered by DroneDeploy, which eliminates the long processing time, delivering 
stitched and geo-referenced images to your internet connected device in minutes. This 
technology takes the flight data (flight plan) and communicates it to the flight controller 
(3D Robotics) to operation the ship via cellular from your tablet or smartphone.

DroneDeploy also wi-fi links up to the sensor (standard Sony QX1 camera) and during 
the flight they are uploaded for processing in the cloud. Don’t worry if you don’t have 
service for some reason, as you can upload “old school” when you get back on the 
ground.

We are also looking at other sensors as well. I just purchased the new RedEdge 
camera from MicaSense and I can’t wait to get that camera in the air!  Stay tuned for 
more to that story, we just need the crops get a little bigger.

Also check out the Trackimo we installed on the Ag Eagle. Trackimo is a light weight, 
battery powered cellular tracker and let me tell you, it worked GREAT!   Trackimo uses 
state-of-the art GPS and cellular technology to coordinate with GPS satellites for 
precise tracking anywhere on the globe.

USA Rules for UAS  
It is going to be an amazing year in 2015, the industry is taking steps in the correct 
direction. It’s very important to remember today unless you have a 333 Exemption from 
the FAA, you cannot use this data to make ANY decisions. If you have any questions 
about the current rules about UAS, then check out Know Before You Fly website. 
(knowbeforeyoufly.org)

“Know Before You Fly” is an education campaign founded by the Association for 
Unmanned Vehicle Systems International (AUVSI), the Academy of Model Aeronautics 
(AMA), and the Small UAV Coalition in partnership with the Federal Aviation 
Administration (FAA) to educate prospective users about the safe and responsible 
operation of unmanned aircraft systems (UAS). 
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As excitement and enthusiasm continues to grow around UAS, and the regulatory 
framework continues to take shape, more consumers are looking to buy UAS for 
personal use and more businesses are looking to use UAS too. These prospective 
operators want to fly, and fly safely, but many don’t realise that, just because you can 
buy a UAS, doesn’t mean you can fly it anywhere, or for any purpose. Know Before You 
Fly provides prospective users with the information and guidance they need to fly safely 
and responsibly. 

So what’s new?  
Ag Eagle: There’s no dispute that if you need to cover major acres you will need a fixed 
wing platform. The Ag Eagle product has really changed for 2015. The Rapid Ag Eagle 
now features DroneDeploy technology and can basically haul any type of sensor you 
may want now or in the future. Ag Eagle has done a good job listening to the farmer and 
they understand their needs, including being cost effective. Look for exciting things from 
Ag Eagle in the coming year. 

Drone Deploy: A technology that allows a grower to upload images from a UAS 
platform and get crop health maps in a matter of minutes with accuracy up to 2cm/pixel. 
Very simple process, it manages both the flight of the platform and the image collection 
with no stitching drama at a very low cost. It works with many different flight systems 
including but not limited to, DJI, 3D Robotics and Ag Eagle. Including the simple 
systems like DJI Phantom 2 Vision + ($1099) or the advanced wing platform of the Ag 
Eagle fitted with an advanced camera like the MicaSense Red Edge multispectral 
system.

DJI:  It has been a very exciting 6 months for the industry leader. The practical use of 
the Phantom series of ships has been exciting. The majority of the time the GoPro 
camera has been added to complete the Phantom ship, but lately DJI has been really 
making a strong effort to have the full package including a ship and sensor. First with 
the Phantom Vision, Vision Plus and Inspire 1 sensors, and now the just released 
Phantom 3 Profession and Advanced. Without going into all the details of these, just 
know that the ships with OEM cameras will not be able to add a more advanced sensor 
over time. The recently released Inspire 1 and Phantom 3 have an integrated sensor. A 
good part of this technology is that these ships work VERY well and are at a very 
attractive price point. 

MicaSense: A new player in the sensor market over the past year, but the team has 
been in this industry a long time. The new Red Edge multispectral camera is one of the 
real exciting new achievements in sensor technology. It can be flown in anything from a 
DJI Phantom (although not real practical) up to a Cessna Airplane. Look for more 
exciting things coming soon from them. 

3D Robotics: Has been around for a long time, really known in the marketplace for “do 
it yourself” systems. But over the past year they have really stepped up their game. With 
products like the IRIS + and Pixhawk autopilot they have advanced well in the market. 
They also have a major release coming later in this month, which will showcase a 
complete new platform. They also use the DroneDeploy technology to process imagery 
in flight w/ on board cell phone technology. 
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There are many other amazing new products coming from other awesome companies 
who will also continue to advance UAS use in Agriculture and other industries. 

o PrecisionHawk: Features a fully functional fixed wing ship called 
PrecisionHawk. Lots of excitement about this premium priced platform as it 
does offer a large selection of sensors. 

o Sensefly: Has announced a new shipped call eXom coming soon with some 
new sensors and advanced situational awareness. They also produce a 
winged ship call eBee. 

o Trimble:  A company that is well known in the Ag Industry, and has for years 
had a winged UAS called UX5. Honestly it’s an amazing platform that has 
mainly been used overseas in the mapping and surveying of very large rock 
quarries. t’s now being sold for agriculture use here in the US at premium price. 

o Pix4D: This state of the art software can process your images into 2D & 3D 
models.

o Lockheed Martin:  Maker of the Indago Vtol Quad Rotor, it is worth noting they 
are a high end military vendor who was the 1st to offer a “consumer” based 
platform.

o Aeryon Labs: This company features a very high-end quad copter focusing 
more on the military and public safety. Recently they have announced a new 
sensor that features a new 20-megapixel camera with up to 30x optical zoom! 

o Aerialtronics: This company also features high-end remote control systems. 
They are being used around the world in various venues. 

o New Applications: for your smart phones and tablets are really expanding.   
Keep your eye on some amazing new apps to help operate these UAS 
systems in ways never thought of. 

There are other quality companies in this technology but in my opinion the above-
mentioned companies are heading forward in the right direction with this expanding 
technology and have the resources to continue. The trick with this technology in the 
very near future is a return on your investment. To accomplish that remember the real 
value is and always be in the imagery. Historically stitching images together has been a 
REAL challenge and very time consuming but companies are starting to make that very 
practical.

My advice is to first time buyers?  
Most importantly, understand the current UAS rules before you consider flying. Flying 
safely is most important, but just remember it’s NOT all about how much money you 
spend. You can buy a great ship for $1500-3000 that will amaze you. I’m looking 
forward to the up-coming FAA policy that will allow us to use this technology to make 
decisions on our farming operations. So far it’s just been a super fun hobby. 

Learn more about the industry 
 FAA Unmanned Aerial Systems https://www.faa.gov/uas/ 
 AMA Academy of Model Aeronautics http://www.modelaircraft.org 
 Know Before You Fly http://knowbeforeyoufly.org 
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Product Information 
 Ag Eagle http://ageagle.com 
 DJI http://www.dji.com 
 Drone Deploy https://www.dronedeploy.com 
 MisaSense http://www.micasense.com 
 3d Robotics http://3drobotics.com/home-2014/
 Peau Productions http://www.peauproductions.com/main.html 
 Lockheed Martin http://www.lockheedmartin.com/us/products/procerus/quad-

vtol.html
 senseFly https://www.sensefly.com/home.html
 Trimble http://uas.trimble.com 
 PrecisionHawk http://www.precisionhawk.com 
 Aeryon Labs http://www.aeryon.com 
 Aerialtronics http://aerialtronics.com 
 Pix4D http://www.pix4d.com 
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Remote sensing trends for high-resolution soil moisture monitoring: 
Exploring the potential for farming and agriculture applications 

Alessandra Monerris, Christoph Rüdiger, Jeffrey P. Walker 
Department of Civil Engineering, Monash University, Clayton, Australia 

Contact: sandra.monerris-belda@monash.edu

Summary 
Remote sensing technologies have become an important tool in farming and agriculture 
practices. Regular and high-resolution soil moisture information can play a key role in 
precision agriculture, but available remote sensing soil moisture products were so far at 
a too coarse spatial resolution to make them applicable to agricultural practices. Recent 
developments are attempting to address this issue and to provide soil moisture products 
at and below 1km resolution, therefore becoming more suitable for state-of-the-art 
farming.

In this work, two new methodologies for high-resolution soil moisture monitoring at the 
farm scale are presented. 

The first methodology consists of producing high-resolution maps of soil moisture, 
making use of a combination of coarse and high resolution satellite imagery. For such 
approaches, passive microwave data generally provides the soil moisture fields. 
However, while those are relatively accurate, their spatial resolution is low (in the order 
of 30-40km). To compensate for this, a number of approaches have been developed to 
downscale those data with high-resolution spectral data sets that are available almost 
coinciding with the passive microwave acquisitions. Those downscaling approaches 
provide soil moisture data sets at a resolution of 1km, and the first results have shown 
promising outcomes, with observed uncertainties of about 0.06 m3/m3. The 
disadvantages of this way to determine high-resolution soil moisture are that most 
passive microwave satellites pass over a single point in space only every 2-3 days, 
potentially missing significant rain events, and that the use of spectral data is limited to 
cloud free days, as direct observations of the land surface are not possible otherwise. 

The second technique is known as GNSS-R (Global Navigation Satellite System 
Reflectometry) and is making use of the signals that are used for regular GPS (Global 
Positioning Satellite) systems. The idea behind this approach is to determine land 
surface properties, such as soil moisture, by measuring the difference between the 
direct signal received from a GPS satellite, and that which has been reflected by the 
land surface. This sensing technique has several advantages: the source signals from 
GNSS are free; the signals are available everywhere and all the time; more GNSS 
satellite will be available in the future, as new constellations are scheduled to be 
launched; and the sensor components are relatively cheap, compact, light-weight and 
have low power consumption. 

The potential of GNSS-R for proximal soil moisture monitoring is being assessed at 
present, and several experiments have been and are being conducted in Australia in 
this direction. Figure 1 shows some airborne data collected during the GELOz 
campaigns (GNSS-R Experiments over Land in Australia) in 2013-2014. GELOz 
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comprises four field campaigns, during which a GNSS-R sensor was deployed on an 
aircraft (for larger scale monitoring) and a roving ground-based system (for small scale 
monitoring). Concurrently, ancillary in-situ soil moisture and vegetation sampling were 
conducted. An overview of the GNSS-R sensor used during those field campaigns, as 
well as preliminary results will be presented at the symposium. 

Figure 1. Example of GNSS-R airborne data collected on two different dates over the Yanco 
experiment site, NSW, Australia. Red (blue) indicate dry (wet) soil, respectively. An accumulated 
rainfall of over 20 mm had been registered in the area in between both experiments. 

The advantages and shortcomings of both techniques in terms of temporal and spatial 
resolutions, the need for ancillary data, and applicability to precision agriculture will also 
be discussed. 
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Optimising precision systems in Queensland vegetable production 
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1Department of Agriculture and Fisheries, Maroochy Research Facility, Nambour, 
Queensland 4560 
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Abstract
Despite a significant increase in the installation of machine guidance systems in 
Queensland horticulture over the last decade, evidence indicates that producers are not 
employing this technology and precision agriculture (PA) methodologies beyond basic 
guidance activities.

Intensive horticulture creates substantial challenges for producers wishing to progress 
beyond machine guidance into other precision applications such as soil nutrition and 
irrigation, crop sensing, variable rate inputs and yield monitoring. Achieving adoption 
requires significant optimisation and support to realise any benefits that might accrue 
from understanding and managing within block variability. In an effort to unlock the 
benefits of PA for intensive horticulture, the authors have implemented a range of PA 
technologies across eight Queensland vegetable farms (e.g. carrots, chilli, potato, sweet 
potato, tomatoes, green beans and onions).

While the majority of technologies implemented could be considered relatively mature in 
broad acre agriculture; intensive horticulture creates significant spatial, temporal and 
cultural obstacles that are critical to overcome. A key component of this work has been 
to develop adoption pathways and processes that address producer needs, this has 
required a substantial focus on implement retro-fitting, imagery timing, data acquisition 
platforms, producer and agronomist capacity building and data dissemination.

Initial work focused on establishing whether sufficient block or crop variability existed 
and understanding whether sufficient economic gains could be made from adopting 
spatial variability management strategies. Biomass sensing with multiple platforms is 
being used and variable rate inputs are responding to zonal and grid based sampling 
programs. Yield monitoring and mapping has been established in potato, sweetpotato 
and carrots. PA in horticulture is in its infancy and crop scheduling changes resulting 
from market pressures will be very difficult to overcome. Nonetheless these new data 
sources and management approaches are creating novel ways for producers and 
agronomists to view and manage both farm and within block variability. 
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Introduction

Precision in Queensland vegetable systems 
Improved spatial management of horticultural production systems using a range of 
contemporary technologies (e.g. crop sensing, soil mapping, yield monitoring, variable 
rate applications) offers producers new ways in which to manage crop production and 
biophysical constraints to production. Given the current and future challenges 
associated with intensive vegetable production in tropical and sub-tropical settings (e.g. 
climate change, biosecurity, labour) producers can potentially gain from adopting 
technology that improves both the detection and management of variable soils, pest and 
diseases and irrigation issues.

Despite recent advances in technology targeting the agricultural sector and the prospect 
of these technologies to improve the detection and management of crop or block 
variability; the adoption of precision technology beyond machine guidance (auto-steer) 
remains poor. The low adoption rate may be attributable to lack of knowledge and 
awareness of existing technologies and whether significant soil/crop variability exists. It 
is likely to be also compounded by a lack of percieved or real value in adopting new 
and/or complex management tools. Essentially improving producer awareness and 
quantification of block soil and yield variability formed the basis for this current work.

In 2014, the authors commenced a program that sought to implement, optimise and 
develop a range of precision technologies across eight demonstration sites in the four 
major vegetable growing regions of Queensland (Fig.1). Precision approaches 
implemented include: 

o Soil mapping (EM38) and strategic sampling programs 
o Remote and proximal biomass sensing (NDVI and multi-spectral) 
o Yield monitoring (load cells) on root crops (carrots, potato and sweet potato) 
o Variable rate input programs (nutrients, soil ameliorants, irrigation) 
o Mobile data access 

The key areas of investigation were primarily along the lines: 

o Is there farm/block variability? 
o Is the observed/quantified variation having an economic impact? 
o Can this variability be understood and managed? 
o Are current management practices/equipment suitable for addressing any 

variation?
o Will a precision approach elicit a yield/quality response?  
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o

Figure 1. Queensland’s key vegetable growing regions. 

Variability: where and how much 

Soil mapping & sampling 
Typically the individual management units/ block sizes in intensive horticulture are small 
(<20ha), this has led to the assumption that significant variations in soil properties are 
unlikely to exist or lack sufficient differences to warrant an altering of management.  The 
use of EM38 soil mapping coupled with strategic sampling (grid and zonal) has been 
instrumental in allowing producers to visualise and quantify (some for the first time) soil 
variances both within block and across farm. In some cases the variability in what was 
assumed to be “...my most uniform block” has been significant and worthy of further 
investigation and management (e.g. variable inputs). In most cases, this was the first 
time producers had heard of EM38 technology, suggesting that this technology has yet 
to achieve any meaningful penetration into horticulture. Several producers have since 
committed to further EM surveys on properties outside of the project. 

Given the ‘small’ block sizes in vegetable production, EM38 is an inexpensive data layer 
to acquire. However its value in determining soil sampling zones in irrigated, high 
nutrient and highly modified landscapes (deep ripping, flood repair etc) can be 
questionable. As such grid based sampling has also been used.

Variable-rate (VR) inputs 
At the commencement of the project there were no variable rate applications occurring, 
even despite some growers and commercial operators having VR capability. The project 
has undertaken a range of investments to unlock the ability for producers and 
commercial spreading services to apply products via prescription mapping. Spreading 
equipment has been upgraded and linkages improved between producers, agronomists 
and precision support services to drive uptake of the technology.   

Producers have been quick to move towards variable rate bulk inputs, seeing this as a 
‘low risk’ but ‘high value’ step in terms of VR management.  Soil data has underpinned 
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A synopsis of the approaches employed: 

o High- resolution satellite: sub-metre resolution along with a continual reduction 
in the cost per hectare can make it a viable crop sensing tool depending on 
farm size/complexity. Though widespread use will be constrained by the lead 
time (tasking) combined with post-processing and risk of cloud cover 
particularly in coastal regions. 

o Unmanned Aerial Systems (UAS): still experimental in terms of commercial 
providers in Queensland. While ultra-high resolution (2-3cm) is possible the 
amount of data and post-processing requirements required by vegetable 
producers is beyond the reach of many existing UAS providers. With short 
cropping cycles potentially requiring multiple capture events to generate 
useable data, producers and providers are yet to establish the cost-benefit of 
this approach.

o Proximal sensing (Greenseeker™): due to the number /frequency of field 
operations required horticulture offers a lot of opportuntiy for proximal sensing 
applications. Spray rigs differ widely and can be challenging for mounting 
sensors. Spray products such as copper based solutions can also foul sensors 
necessitating cleaning. Given the block sizes, frequency of operations and 
compressed timelines, producers tend to be drawn to proximal sensing as a 
way foward. Real-time NDVI display (e.g. Greenseeker - Trimble FMX) appears 
important and a way to easily ‘check-in’ with crop status (Figure 4).

Crop sensing summary 
While the ‘hype’ around crop (biomass) sensing is persuasive, achieving meaningful 
crop sensing approaches for intensive horticulture production is perhaps one of the 
more difficult precision tasks to optimise and it will be a challenge for commercial 
operators to deliver value or for producers to implement.

Multiple crop types, growth stages, farms spread across district locations, crop 
sensitivity to weather, pest and disease, contract planting and harvesting  provide 
significant obstacles. While data collection and processing are relatively straightforward, 
our experience is that producers require the data almost immediately (<24hrs post 
capture). Deriving value for time and dollars spent requires a committed ground-truthing 
campaign that at this time appears beyond the reach of many medium and large scale 
vegetable operations mainly due to other priorities. Automated approaches coupled with 
data analytics and perhaps machine to machine (M2M) learning will likely hold the key 
to successful crop sensing programs.
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Quantifying yield variability of vegetable crops using load cell 
systems 

Stephen Hegarty, Stephen Frahm 
VNET Precision Farming – Vanderfield Pty Ltd, 21 Carrington Rd, TOOWOOMBA, Qld, 
4350

Contact: S.Hegarty@vanderfield.com.au

Summary 
The aim of this project was to quantify the degree of variability in root vegetable crops to 
justify possible implementation of zonal management in horticulture in the Bundaberg 
region. Predicting potential return on prescription management of vegetable crops is 
difficult without first quantifying the degree of variability in marketable yield. The primary 
outcome of the trial, was to determine if load cell based systems could successfully 
collect accurate yield data in a commercial horticultural farming system to use as an 
agronomic decision support tool. 

The project studied yield variability in a 7 hectare sweet potato trial field at Bundaberg 
over one growing season. The project also worked with the grower cooperator to 
generate a commercial process for post-calibration of the yield data, to allow for errors 
from soil being measured as yield (due to variable soil moisture). This post calibration 
process allowed accurate gross margin analysis, needed for calculating potential return 
on investment from implementing prescription management of future sweet potato 
crops.

This paper provides a summary of the findings from one season’s data and expected 
next steps that will be implemented at Bundaberg by the trial cooperator and their 
agronomist.

Collecting vegetable yield data 
The cooperator’s existing commercial harvest platform was fitted with load cells, shaft 
speed sensors and data logger. GPS position was input from a differential GPS 
receiver. Due to the design of the conveyors and sorting tables on the cooperator’s 
harvest platform, the only suitable location for fitment of the load cells was on the tilting 
unload elevator. A tilt compensation sensor was also fitted to study effect of elevator 
angle on load cell readings.

The system corrected load cell readings, allowing for conveyor RPM versus GPS 
ground speed. Load cells were field calibrated by comparing harvested yield per bin, to 
actual yield per bin measured on scales in the packing shed.  One load cell reading per 
second was recorded in .csv format along with corresponding GPS position and tilt data. 
The .csv data was then processed into a Variability Map. Post calibration allowed 
correction of the Variability Map to a Yield Map. 
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 Figure 1. Corrected sweet potato yield map. 

Installation challenges – load cell positioning 
Because the load cells had to be fitted to both a telescoping and tilting elevator (Figure 
1), there were differences in load cell error from changing conveyor angle. It was 
discovered that as the elevator travelled through its arc, that the conveyor belt tension 
was changing therefore introducing a tare error. Redesign of the elevator was required, 
with a short length of conveyor fitted at the bin delivery point. This independent section 
of conveyor eliminated changing belt tension, and was used as the weighing span 
section reducing error to approximately 5%. 

 Figure 2. Load cell position on harvest platform. 

Installation challenges – yield error introduced by soil 
Initially it was hoped to generate a “wet soil” and “dry soil” calibration to allow for error 
from soil being measured as yield. However, accuracy using this method was found to 
be unachievable, so a post-harvest calibration process was developed. Daily harvested 
bins were weighed at the packing shed, for comparison to both daily packed and waste 
potato. This allowed calculation of the amount of harvested soil per day. Daily yield data 
was post calibrated to generate an accurate Yield Map. 
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Figure 3. Packing shed recording process to calculate soil weights needed for post calibration.

Using topographical derivatives 
Elevation data from the field was collected using RTK GNSS hardware to extract 
Topographical Derivatives. Drainage simulations were carried out using 3D modeling 
software to ensure the field had no significant depressions (that may affect yield through 
waterlogging). The elevation data was also used to assist in ideal drip irrigation design 
for uniform emissions. This strategy helped eliminate potential effect on yield from 
variability in applied irrigation water and nutrition through fertigation. A dry growing 
season also reduced potential yield effects from varying rainfall infiltration on changing 
field slope. 

Figure 4. Topographical derivatives used for water llow modelling and irrigation design.

Using electromagnetic induction (EMI) 
An EMI survey was carried out using a DualEM sensor to collect ECa readings from 0-
25cm, 0-75cm, 0-125cm and 0-275cm before planting of the sweet potato. Conductivity 
zones were ground truthed and point soil sampled post-harvest for later analysis against 
crop yield. 
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Conclusion
This first year of data has confirmed for the trial cooperator that there is significant 
variability in sweet potato yields, even in what they considered to be a relatively uniform 
field. After gross margin analysis of the yield data, the cooperator and their agronomic 
consultant can see potential for significant return on investment from implementation of 
zonal management.

First steps in commercial adoption of PA on the cooperator’s farm will be 
implementation of a prescription liming strategy, based on site specific soil sampling 
from soil EMI data. Yield mapping of future sweet potato crops will determine if other 
fields on the farm show a relationship to changing soil type or topography. The 
cooperator is also considering measuring variability in forage sorghum break crops 
using remote sensing, to consider possible multi season effects on the sweet potato 
yield. 
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LiDAR, thermal and hyperspectral sensors for crop monitoring 
applications in PA 

Jose Jimenez-Berni1,2; David Deery1,2

1CSIRO Agriculture, Clunies Ross St, Acton, ACT 2601 
2High Resolution Plant Phenomics Centre, Clunies Ross St, Acton, ACT 2601 

Contact: jose.jimenez-berni@csiro.au 

How can Phenomics help Precision Agriculture? 
Plant phenotyping (also known as phenomics) has become a new discipline where the 
use of remote and proximal sensing together with state of the art image analysis and 
big-data analysis algorithms are aiming to deliver value into agriculture by enabling 
breeders and crop physiologists to speed up the rate of yield improvement in major 
crops. High throughput field phenotyping is breaking the bottleneck of field monitoring of 
the crop performance and physiology on the individual cultivars in large scale breeding 
trials (Furbank & Tester, 2011).

By using technologies such as LiDAR (Light Detection And Ranging) for the 
measurement of the 3D canopy architecture it is possible to deliver multi temporal 
estimates of canopy attributes such as canopy height, ground cover, vertical distribution 
of leaf density, heads per unit area and ultimately biomass (Deery et al, 2014). 
Measuring canopy temperature by means of infrared thermography allows quantifying 
the water evaporation from the crop (as the crop evaporates water it cools down and the 
canopy temperature decreases, while under water stress and reduced transpiration the 
canopy temperature increases). And finally, measuring the spectral properties for the 
light reflected from the canopy provides an insight of the biochemical composition of the 
crop, including nutrition status and symptoms of biotic or abiotic stress.

Once demonstrated the effectiveness of these technologies for monitoring the crop 
status, these could be easily translated into management and rapidly adopted by 
precision agriculture (PA) in broad acre agriculture or in high value crops. In 
phenotyping, the accuracy of the measurements is critical for picking up the subtle 
differences between genotypes and avoiding the confounding effects caused by the 
natural differences occurring between genotypes. Even working with the same species 
(e.g. wheat), when screening a population one would find great differences between 
cultivars: presence or absence of awns, leaf dimensions, canopy architecture and 
height, etc. The methodologies developed in phenomics have to deal with these 
disparities and still sense the small differences that give a particular genotype some 
advantage over the others.

One of the biggest challenges for the translation from phenomics to precision agriculture 
applications is a matter of scale. Traditionally, even the largest field trials are relatively 
small compared with the farm scale and the standard extensions where PA is commonly 
used. Scaling up from the small trial to the farm scale will require the integration of the 
sensing technology into tractors, robots or aerial platforms (manned or unmanned), 
which should be relatively simple engineering problem. However, the volume of the data 
generated at these scales could become the limiting factor. The other challenge is the 
complexity of the technologies and methodologies used in phenomics, which normally 
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Big farms, big pictures, big solutions: the future of satellite imagery 
and UAVs in broad acre farming 

Ben Boughton 
Grain Farmer in Moree NSW, Nuffield Scholar, Satamap founder 

Contact: bboughton@gmail.com

Introduction
The unmanned aerial vehicles (UAVs) or drones trend combined with so called 'big 
data' has seen a renewed interest in remotely sensed data in farming. This, generally, is 
a positive step forward for Australian agriculture as there is increased discussion and 
investment into new developments and the associated enablement of similar 
technologies which have been around for a long time but with minimal uptake. The 
overarching idea is that with data we can make better decisions which improve 
profitability and other benefits such as environmental and social.   

This article aims to give a broad overview of some current remote sensing technologies 
and platforms. The obvious exclusion in this article is manned aircraft which is not 
covered as the author has limited experience and exposure in comparison with satellite 
imagery and drones. 

Drones

What have drones enabled? 
o Reduced the entry point cost for high resolution remotely sensed data 
o Data at spatial resolutions not seen before (e.g. 1 cm) 
o Increased flexibility in the type and timeliness of remotely sensed data 

collected
o Sensor choices increasing rapidly 
o Rapid data turn around possible (roadblocks exist) 

What are the real world challenges for broadacre farming?

Cost:Benefit
o With already tight margins in the sector there needs to be consistent results 

from data – where is the gain going to come from? VRA maps? Weed location 
maps? DEMs? 

o Data collection price still too high – the data is often better (not always) than 
alternative, but no-one wants it if it costs more with little extra benefit 

Data movement, storage, processing etc 
o Drone data is very intense if stored at its native resolution, the challenge is not 

so much in processing and storage any more – there are heaps of good online 
solutions. The issue is moving the data online in the first place. 

o Telstra 4G connections are good but limited by coverage and data costs, 
although $10/GB for Telstra 4G now is encouraging but speeds unreliable if 
service is busy 

o Uploading via ADSL back in office in town is too slow – 40-100kb/s maybe 
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o Express Post HDD with a weeks worth of raw images to someone with 
NBN/Fibre connection is still probably fastest method 

o Processing in office an option but big investment and will cause more 
headaches than you think 

Spatial accuracy 
o If data is collected at 1-5cm resolution to identify very small targets then the 

positional accuracy needs to be just as good. This may be able to be achieved 
with a combination of ground control points, RTK GPS and quality processing 
but at what cost? 

Spectral accuracy 
o Remote sensing is often measuring reflectance from a light source we have no 

control over (sun) that has to travel through an atmosphere that we also have 
no control over. There are a plethora of variables that limit consistency of data 
especially if collected through cheap modified handheld cameras.

o This has been covered extensively here: http://agmapsonline.com/?p=830  

Legalities 
o Exciting that we should be able to fly for any purpose under 2kg – a farmer can 

go buy and fly an eBee if they want control over the whole process 
o To cover areas in broad acre farming at an attractive price there needs to be 

allowances to fly higher and out of line of sight

Satellite Imagery 

What's new in optical Satellite Imagery? 
o Landsat 8 archive growing – 15-30m imagery back to winter 2013 – Free 

access!
o Sentinel-2 in orbit and all reports are good – 10m imagery at 10 day interval, 

some new red edge bands coming – Free access!
o Planet Labs have launched over 100 micro satellites and plan to offer daily 

imagery
o 3-5m resolution, not sure of spectral bands or price
o Spot, RapidEye, QUickbird etc all existing options, price not changed 

substantially

Discussion 
For broadacre farming, basically it comes down to drones and satellite imagery 
compliment each other and one is not a replacement for the other. The extra work that 
goes in to collecting good quality data from drones needs to be supported by a return. 
Landsat 8 and Sentinel-2 offer imagery that is far more course than anything from a 
drone (500 to 1000+ times) which means they are designed for different type of work.

Access to Landsat 8 and Sentinel-2 soon means 4-5 scenes a month, free to access 
raw and very cheap to access fully processed. Realistically the use case needs to be 
there to warrant spending extra on such high resolution imagery from other satellite or 
even a drone. Free/cheap satellite data gives very small number to cost in the cost 
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benefit ratio so benefit only has to be small to make it worthwhile. Drones fit here when 
the benefit number outdoes the extra cost which will be true in some cases. 

It is worth keeping a close eye on advancements in satellite imagery over the next 10 
years as there is significant investment from California being sent that way but in saying 
that a lot of promises do come out of Silicon Valley that are not always delivered.  

Drone processes will continue to improve as will our infrastructure to get data from the 
sensor to an online environment for processing. There is space for LOCAL innovation 
here.
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CropScan 1000 Series 
Grain Analysers 

NIR Grain Analyser for Farmers, Grain 

Traders and Bulk Handlers 

Protein, Moisture and Oil in Wheat, 

Barley, Oats, Sorghum, Triticale, Canola, 

Soybean, Peas, Lupins and Corn 

45 seconds per test 

Built-in Autocalibration Program 

Built-in Test Weight Module  

      
For sales and technical advice contact:   
Peter Davis: 0413190428, peter.davis@nextinstruments.net   
Office: 02 9771 5444. Or visit our web site:   www.nextinstruments.net 

Award Winning 
Designed and 

Made in  
Australia 

CropScan 1000H  
On Farm Analyser:  

Protein and Moisture in Wheat  

    and Barley.  

Oil and Moisture in Canola 

45 seconds analysis 

Portable: Car battery operation 

Upgrade option to CropScan 3000H  

CropScan 3000H  
On Combine Analyser 

On-the-go Protein, Moisture and Oil. 

Touch Screen PC Operation 

Real Time Paddock Mapping 

Bin by Bin Averages 

Wheat, Barley and Canola 

Remote Data Access from: Smart Phone, 

Tablet or PC 

Remote Calibration and Diagnostics 

Investing in NIR… Invest in the experts. 
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Developments in on-harvester quality monitoring 

Phillip Clancy1, Ashley Wakefield2, Brett Whelan3

1Next Instruments Pty Ltd 
2Tintara Pastoral, Urania, SA 
3PA Laboratory, Faculty of Agriculture and Environment, The University of Sydney 

Contact: phil.clancy@nextinstruments.net 

Summary 
Near Infrared Transmission spectroscopy is used throughout the world to measure 
protein, moisture and oil in cereal grains and oil seeds. In recent years, there has been 
a growing trend amongst Australian growers to set up their own on-farm storage 
systems and to use portable or benchtop NIR analysers to assess the quality and 
therefore the value of their crops. 

Over the last three years, Next Instruments, an Australian company that designs and 
manufactures NIR analysers for farmers and grain processors, has been finalising the 
development of an On-Combine NIR analyser. This system, called the CropScan 3000H 
On-Combine Analyser, has been designed to measure grain collected from the clean 
grain elevator every 11 seconds and report the protein, moisture and oil in real time on 
a touch screen PC located inside the combine’s cabin. By collecting the GPS readings 
at the same time as the NIR data is generated, then real time protein paddock maps 
can be displayed on the in cabin screen. This has provided users with the ability to 
segregate grain in the paddock as well as make decisions on which silos or bins to store 
their grain. 

As for Precision Agriculture, the benefit of the system is to provide Protein Paddock 
Maps that can be compared with the yield and moisture maps in order to optimize the 
use of Nitrogen fertilizer through variable-rate fertilization application. 

This paper presents a review of the CropScan 3000H On-Combine Analyser and 
provides examples of two paddocks where protein, moisture and yield data was 
collected using the system during the 2014 harvest. 

Instrument Description 
Figure 1 shows a schematic of the CropScan 3000H system. The Sampling Head is a 
device that is mounted to the clean grain elevator so that grain falls into the top of the 
sample head from the up side of the elevator.  Light passes through the trapped grain 
and is collected using a fibre optic bundle and passed back to the CropScan Near 
Infrared spectrometer that is located inside the cabin. The grain is released into the 
down side of the elevator. The protein, moisture and oil data are sent to the Touch 
Screen PC which also takes the GPS coordinates from a GPS transponder. This cycle 
is repeated at a frequency of approximately 5 times per minute, i.e. 11-14 seconds per 
measurement.

The data is combined to generate Protein paddock maps, real time tables showing the 
each protein, moisture and oil reading, a moving average and the bin average. A 
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Figures 5 and 6. It can be seen from Figure 5a and 5b that there is a significant inverse 
relationship between the yield and protein at the whole paddock scale (r = -0.46). This 
general relationship follows the dilution theory, and given the average protein content 
for the paddock is relatively low (10.3%) for a variety with AH classification, suggests 
that in general the N-supply was limited and an increase in N across the paddock would 
be warranted 

However, a closer look using local correlation analysis (Figures 5d and 5e) shows that 
within this paddock the areas where the relationship is significantly negative are areas 
where the yield is lower than average and the protein higher than average. In these 
areas it appears that effective access to N has been relatively uniform within the area 
but the access to available moisture has been variably limited by soil/landscape 
conditions. Applying more N in these areas within the paddock, before ascertain the 
cause of the yield reduction, may be a waste. 

(a) (b) (c) 

   

(d) (e) 

Figure 5. Data for paddock 146B (a) wheat yield, (b) grain protein, (c) grain moisture, (d) local 
correlation between yield and protein, (e) local areas with significant correlation values. 

A neighboring paddock shows a slightly different story. It can be seen from the maps in 
Figure 6a and 6b that there is little relationship obvious between the yield and protein at 
the whole paddock scale (r = -0.02) and the implications for N management are difficult 
to extract. On closer examination with the local correlation analysis (Figure 6d and 6e) it 
becomes obvious that there are areas with positive relationships and areas with 
negative relationships between yield and protein. Areas with negative relationships at 
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this scale again identify areas were access to available moisture has been variably 
limited by soil/landscape conditions. Areas with a positive relationship suggest that N 
supply was limiting and these areas should be considered for increased N application in 
future.

(a) (b) (c) 

   
(d) (e) 

Figure 6. Data for paddock 146A (a) wheat yield, (b) grain protein, (c) grain moisture, (d) local 
correlation between yield and protein, (e) area with significant correlation values. 

Conclusion:
The application of Near Infrared technology to a combine harvester has not been trivial. 
The development project began in 2003 and after several years of trials and tribulations, 
we placed the project in the too hard basket. Thanks to the perseverance of Ashley 
Wakefield, (SA), Paul Hicks(WA) and Graham Popperwell (WA), we took up the 
challenge and finally in 2013 came up with a system that was reliable and accurate.

There are 23 CropScan 3000H system in use, both in Australia and overseas. The data 
collected from these systems shows conclusively that this technology is now viable. The 
ROI based on in paddock segregation shows that a system can pay for itself in one 
harvest. Moreover the agronomic information that is available through the use of this 
technology adds a complete other layer of economic justification. 
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PCT have been providing world-class precision agriculture (PA) solutions and services 
for over a decade. PCT are industry leaders in the provision of software tools,  
data processing, agronomic, irrigation and landforming solutions as well as  

PA consulting services throughout Australia, New Zealand and North America. 
 

Growers rely on PCT solutions everyday to:  
Maximise yields 

Analyse data 
Minimise risk 

Make informed decisions 

 
For more information or to be put in touch with one of our dealers give us a call 

 
 Michael Wells, Crystal Brook  SA Ph: 0428 362474  I Andrew Smart, Narrabri NSW Ph: 0428 922638 

 
 www.pct-ag.com 

Precision Cropping  
Technologies Pty Ltd 

 

 

 

 

PCT deliver your data with PCT Gateway; a suite of powerful,  
comprehensive, but simple to use PA software tools that gives you full  

control and analysis of your Precision Agriculture data. 

Now you can 
access your 
data online 

with PCT  
AgCloud 

 Turn your data or images into true PA Solutions to optimise yield, increase 
quality, manage Inputs and boost your profitability 
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Update on irrigation control, PA developments in sugar and 
augmented reality information delivery 

Steven Rees 
National Centre for Engineering in Agriculture, University of Southern Queensland. 

Contact: steven.rees@usq.edu.au

The National Centre for Engineering in Agriculture (NCEA) is a research centre of the 
University of Southern Queensland comprising five focus areas. These areas are 
Automation Robotics and Machine vision (ARM), Energy, Soils, Precision Agriculture 
and Irrigation. This presentation provides an update on research being undertaken in 
irrigation and precision agriculture as well as outlining information delivery via 
augmented reality operating at a NCEA demonstration site, for farmers and 
researchers.

Irrigation
Automated irrigation control systems have the potential to significantly improve crop 
yields and water use efficiency by determining and applying only the required irrigation 
volume, when and where it is needed. An approach for irrigation control systems uses 
publicly available models (e.g. APSIM), executed iteratively with different irrigation 
volumes and timings to identify the irrigation combination that maximises the predicted 
end-of-season yield. Model-based control systems have been evaluated on a surface 
irrigation and centre pivot irrigation system on a cotton crop in Jondaryan, QLD in 
2011/12 and 2012/13. The control system determined site-specific irrigation application 
with data from a weather station, soil-water sensors and camera-based crop monitoring 
sensing systems for vegetation and cotton fruit load. Field trials demonstrated yield 
improvements of 10-11% and water savings of 5-12 %.

Model-based control strategies often use off-the-shelf, black box industry models that 
may not be updated with the development of the new varieties, and may not consider all 
the soil-plant-water relations. Alternatively, artificial intelligence may be used for training 
and predicting crop dynamics based on historical and real-time infield data. An artificial 
intelligence-based crop model has been developed that can determine current and 
predict future soil-water, nitrogen and fruit load of cotton plants based on day of the 
season, weather data and visual plant response captured using cameras. These models 
have potential to be used instead of industry-standard models APSIM and OZCOT to 
predict crop production throughout the season as part of automated control systems to 
optimise irrigation and fertiliser application.

Precision agriculture 
The NCEA has been collaborating with CSIRO and SRA on yield monitoring in sugar 
cane.  Research to date has shown that no one yield monitoring concept is effective 
under the vast range of operating conditions experienced in the sugar industry.  The 
current project is developing a protocol to interrogate yield data and determine a 
confidence level in the data with regards to its correlation with real world yields.  The 
confidence level can be used when assessing the yield data, providing a weighting for 
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the data’s reliability or even if the data should be used at all. Additionally this project has 
also been evaluating a low cost option yield monitor option. 

In a separate SRA funded project, the NCEA is using the principals of Hazard and 
Critical Control Point theory to identify constraints in production for the sugar industry. 
Technologies are then identified that can be accessed to overcome these constraints. 

Augmented information delivery 
Agricultural technologies change in-line with general population technology trends 
creating consumer awareness of new products such as smart phones and tablets. 
Integrating these new technologies into information and training delivery for the 
research, farming and wider rural community, is important to effectively utilise 
agricultural technologies and aid decision making.  A Future Farm Demonstration Site 
that consolidates and integrates a range of farming industry and research tools has 
been established at an on campus, USQ-NCEA trial site to provide a training, teaching 
and research and development environment for Agricultural technologies.

The Future Farm Demonstration Site involves three layers; (1) a sensors layer, (2) an 
operations layer and (3) a reporting layer. Technologies on the sensor layer (1) include 
on-farm sensors that monitor resources such as water volume and pump energy use 
when irrigating or infield conditions such as temperature and wind speed; the operations 
layer (2) manages on farm operations, controlling them via intelligent implements or 
remote control. The reporting layer (3) comprising Augmented Reality and mobile 
applications provide efficient information display, showing real-time status information 
on farm conditions or farm operations as well as historical data to enhance decision 
making.
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precisionagriculture.com.au

info@precisionagriculture.com.au
Twitter: @AgPrecision
Facebook: precisionagriculture.com.au
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Yield map setup & processing
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Temperatures from Landsat 8: useful for PA decision-making? 

Ben Jones1 and Charles DuBourg2

1PASource Pty Ltd, pasource.com.au, Box 400, Gardenvale, Vic, 3185. 
2IK Caldwell, ikcaldwell.com.au, 6 Dillon St, Cobram, Vic, 3644. 

Contact: ben@pasource.com.au 

Abstract
Landsat 8 thermal imagery has the potential to be a useful tool in understanding 
temperature patterns in paddocks. Temperature patterns may help in irrigation 
scheduling or diagnosing crop stress, or predicting the extent of cool- and heat-stress 
effects. Some processing is required to remove stray light artifacts in the imagery, and 
to convert to Land Surface Temperature (LST). 

Landsat 8 thermal imagery was processed for a range of dates over a study area in 
Southeastern Australia. LST derived from imagery correlated well with screen 
temperatures (r=+0.95, p<0.001) across a range of dates early in the winter cropping 
season. Plant and soil temperatures were measured on a transect within two paddocks 
using a hand-held infrared thermometer. On an initial image, measurements were 
consistent with LST being a composite of plant and soil temperatures, but also 
illustrated likely short-term variability in local temperature. 

With appropriate processing, Landsat 8 thermal data will be a useful addition to the 
range of inexpensive imagery that can be used in Precision Agriculture decision-
making.

Introduction
Thermal bands have been a feature of Landsat missions since Landsat 4 (1982). They 
were included with the aim of estimating plant transpiration and water use. Evaporation 
at the leaf surface causes actively transpiring plants to be cooler than plants that are 
under water (and other types of) stress. The pixel size on initial detectors was 120m, 
which decreased to 60m on Landsat 7, with two bands of measurements at high and 
low gain. Landsat 8 has a 100m pixel size, with two bands at different wavelengths to 
help correct for atmospheric conditions. The pixel size (~1/ha) is small enough to be 
useful for discriminating between regions of broadacre cropping paddocks, and should 
provide a useful accompaniment to NDVI (Normalised Difference Vegetative Index), 
which is available with smaller pixels (15-30m) and has been more readily adopted. 
Between Landsat 7 and 8, there is the potential for one thermal image every 8 days, 
especially at the center of the satellite path, and where Landsat 8 tiles overlap. 

The use of thermal imagery has lagged NDVI in precision agriculture. NDVI is widely 
available on satellite, airborne and ground-based platforms, and relatively well 
understood. Thermal imagery is less widespread, and with Landsat has come with 
some user challenges: the failure of the scan line corrector on Landsat 7 in 2003 limited 
whole-of-scene thermal images to the more erratic Landsat 5 collection schedule, until 
the launch of Landsat 8 in 2013. The Landsat 8 thermal detector suffers from light 
leakage (Montanaro et al. 2014), which produces stripes across the imagery, but is 
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Landsat 8 imagery was obtained from the USGS (http://glovis.usgs.gov), for paths 92 
and 93, over the period dating back to sensor installation (first measurement April 30), 
and used as supplied from http://Watch.farm . Low cloud, and cloud-free images were 
available for one or more paddocks on 9 occasions, according to Watch.farm’s rating 
scheme. NDVI was calculated in the usual way from red and near-infrared bands. 
Thermal bands 10 and 11 were first filtered to remove striping defects. Land Surface 
Temperature was estimated using the Split Window Algorithm, with coefficients 
calculated by Rozenstein et al. (2014, Table 1, for 0-40C). Surface emissivity was 
derived from NDVI (Yu et al. 2014). The effect of water vapour on atmospheric 
transmittance was calculated following the Mid-Latitude Summer profile (Table 2 in 
Rozenstein et al.) but water vapor content was assumed 1g.cm-2 for all images. 

Temperature and NDVI values for sample points and moisture probe locations on all 
dates were taken from the pixel containing the point (without interpolation), using the 
PASource Mobile interface. 

Results

Image-to-image and between-paddock land surface temperature 
Land surface temperature (LST) related quite well to air (screen) temperatures, 
particularly from date to date (Figure 4a, r=+0.95, p<0.001 without low Harmer-Woodies 
point). The low LST measured at Harmer-Woodies was measured on an image with a 
low-level cloud warning, and was cloud affected on visual inspection.  Fewer paddocks 
and measurement dates had 0-10cm soil data, and the correlation was weaker (Figure 
4b, r=+0.56, p=0.07). Apart from one image which covered all four paddocks, no more 
than three paddocks were present in any other image, where they clustered closely (not 
shown).

Within-paddock temperature 
At the time of writing, one set of measurements had been made coincident with a 
satellite pass (Figure 5). Each image had a temperature range of at least 2°C, but 
unfortunately the pre-chosen sample transects were in less variable parts of the image. 
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The measurements made on the same day on plants, sunlit soil and shaded soil were 
not correlated with interpolated screen temperature at the time of sampling (Figure 6a). 
Plant and soil temperatures were also poorly correlated (Figure 6b). Sunlit and shaded 
soil temperatures were correlated (r=+0.64, p=0.01, not shown). Subsequently no 
correction was made for temperature at time of sampling, and shaded soil was assumed 
to vary in a similar manner to sunlit soil. 

(a) (b) 

Figure 6. The relationship between measured plant, soil (in sun and shade), and estimated screen 
temperatures during sampling (a). Measured sun and shade soil temperatures are shown against 
plant temperatures in (b). 

An initial attempt was made to understand whether variation in measurements along the 
transects could be related to LST variation (Figure 7, all measurements ordered from 
lowest to highest LST within each paddock). The range of LST variation was quite small 
compared to the measured range (Figure 7a), but some patterns were evident. Where 
LST was high in each paddock, sunlit soil temperature was also high, and NDVI tended 
to be lower (Figure 7b). In the Harmer paddock, high LST was accompanied by low 
plant temperatures, and lower NDVI, whereas in the McKinley paddock, NDVI was not 
as low, and plant temperatures were also high. 

Discussion 
The data presented is preliminary, but shows that Land Surface Temperature (LST) 
derived from Landsat 8, without atmospheric correction, is relating well to local screen 
temperatures. Cloud has a dramatic effect on LST and should be checked as a first 
cause of low LST. 

The sample transects chosen beforehand didn’t sample the thermal variation in the 
August 20 image well, but did demonstrate that LST could be varying for a range of 
reasons: soil temperature, plant temperature and the balance of plant and soil in the 
image (ie. NDVI) could all affect LST. In turn, the variability in the plant and soil 
measurements suggests that there is probably significant variability in local temperature 
over the order of minutes (eg. temporary cloud shade, breeze) which is not captured by 
our interpolation between 30 minute screen temperature recordings. This needs to be 
taken into account when using infrared thermometers in the field, and particularly 
comparing temperatures from place to place. 
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(a)  

(b) 

Figure 7. Land surface temperature variation for 19 samples within two paddocks, ordered from 
lowest to highest within each paddock, and shown against (a) plant and sun-lit soil temperatures, 
measured with an infra-red thermometer, and (b) satellite NDVI from the same pass. Error bars are 
standard error of the mean. 

The screen temperature results help to give confidence in the use of LST for things like 
mapping frost-prone areas in paddocks, but this depends on acquiring images on days 
with temperature patterns that correspond to frost events. Given that the satellite pass is 
typically 9.30-10.30am Eastern Standard Time over most of Australia, low LST patterns 
will only ever be extrapolations from what has occurred earlier in the day. The extent to 
which images from one acquisition correlate with images from another also needs to be 
considered. Temperature patterns in paddocks may be affected by wind, and changes 
in vegetation in the paddock and surrounds. With a readily available, regular source of 
imagery, this can begin to be understood. 

Whether LST relates to plant temperature well enough to be useful for detecting issues 
in crops and scheduling irrigation remains an open question with the level of data here, 
but the level of variation within-paddocks and the difference in patterns with NDVI 
observed so far suggest that it is responding to something. Data frequency is also an 
issue, but if circumstances requiring imagery also tend to be related to clear skies (frost, 
water deficit), the maximum 8-day frequency possible with existing satellites may be 
adequate. 
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Big ideas for using Data 

Brett Whelan 
Precision Agriculture Laboratory, University of Sydney 

Contact: Brett.whelan@sydney.edu.au

Data-driven cropping decisions 
The development and application of PA in cropping enterprises has been in parallel with 
an increase in the volume and sources of data. Long before the term ‘Big Data’ was 
dragged from the literature on digital data storage, through the filter of business 
management analysts, to the present day, PA has been working on Big ideas for using 
Data.

In cropping systems, those big ideas have been targeted at the practical goal of 
increasing the number of (correct) decisions per hectare/per season made in the 
business of crop management. That target has been chosen because, early on, the 
potential financial benefits from using data to better managing inputs to match variability 
in operations were identified as significant. The scale of the required ideas and the 
‘extent’ of the data requirements is driven by the uniqueness of each field & farming 
business.

Structuring the application of Big ideas for using Data in cropping 
The process will require the merging of (large?) data streams from diverse sources, with 
variable structures and scales into adaptable models containing environmental, crop 
and farm business components that will feed information into/drive key management 
and operational decisions.  

The components in the process may eventually include: 

o Local data generation and capture: These may include production yield and 
quality, aerial/proximal in-season sensing (crop, disease, pest, soil, 
environment).

o Data warehouses. Cloud-based (or local subsidiary) stores of historic and off-
farm data at multiple scales (production, environment, financial, markets).

o Prescription agriculture. Alternative options for business and crop 
management, variable-rate application and farm logistics based on assessment 
of probabilistic outcomes from data-driven models of causal relationships.

Developmental stages for implementation 
Schematics for the incremental development and implementation of Big ideas for using 
Data in cropping are shown in Figures 1 to 3.  
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Figure 1. The current state of data-driven decision systems in cropping  

Figure 2. An intermediate step for data-driven decision systems in cropping  

Figure 3. A more cyclical, integrated approach to data-driven decision systems in cropping 
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A practical system in development 
Work is about to get underway on a tool that contains the capability of autonomously 
adapting decision functions and providing farmers/managers with alternative scenarios 
as input data changes across space and/or time.  

o It involves the novel integration of relevant data from diverse domains, sources 
and scales to improve decision management at the sub-paddock level, within 
bounds of optimising the whole business profitability and sustainability.  

o It will focus on nitrogen, water and canopy management in cereals and cotton.  
o Much of the early work is aimed at identifying the crucial data required, the 

optimum observation scales and developing adaptive models to optimise

The maxim 
Information about the magnitude and variability in production parameters that are 
present in a cropping business is VALUABLE……but it is only when it is constructively  
used that the extent of the value can be realised. 

Now you can get instant access for up to 10 years of historic 
images on your paddocks.  Ten years of peak biomass maps 
from above that help you gain a new perspective. They help 
you see what you may miss with the naked eye, so you can 
plan and execute with greater accuracy.

With GEOSYS FarmSat Solutions, you can analyze your 
paddocks to make better decisions, producing custom-made 
prescriptions for improved yields. 

GEOSYS is the world leader in satellite-based agricultural 
imagery. With decades of experience, we deliver decision 
support tools to help make your job easier. Contact Jim 
Castles at jim.castles@geosys.com today to learn more 
about how this innovative technology can help you.

The GEOSYS 

©2014 GEOSYS Australia Pty, Ltd. All rights reserved. GEOSYS™ and the orb and 
satellite design are trademarks of GEOSYS International, Inc.
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Notes
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Disclaimer:
The information presented in this publication is provided in good faith and is intended 
as a guide only. Neither SPAA, PAL nor its editors or contributors to this publication 
represent that the contents are accurate or complete. Readers who may act on any 
information within this publication do so at their own risk.
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