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Foreword

We all have a vision of what the future will look like and when it comes to technology we all

have some visions of robots performing the jobs that most of us would happily pass up. The
Industrial, Green and Digital Technological Revolutionsehdriven agricultural output to

levels capable of feeding the exponential growth in human population to date. With a
predicted world population increase from the 6.8 billion today to over 10 billion by 2050,
growth in agricultural output will need to cimue. This combined with an ever declining

rural labour force and the need for greater efficiencies will inevitably lead to increasing levels

of in-field automationWe 6 ve al | s een Yactaieswithcheiirobatsdom§ mo d e |
the intricate and repetitive tasks faster and more consistently than possible with manual

labour. bk this what the farm of the future will look like?

Concept of Autonomous Agricultural Vehicles (Source. Simon Blackmore)



| 6ve al ways b eslectronias antd @ewetschnelalyyand mook to Precision

Agriculture with great ent husi asm. Over t he

University and others and had the opportunity utlize just about every piece of
commercially availabl®recision Agiculturd equipment on the market toddyt | wanted to

know mor e. The technol ogadcaldeasoreewhergtiwvasgy now
researched, commerciadid, marketed to a sceptical farming community and indeed a few of
those initial ideas have becamsuccessful. | wanted to meet the people dreaming up these

ideas and get a feel for the future of agriculture.

This report looks at a number of technologies that are being used on a commercial basis in
agriculture today as well as the resdathat is bmg conducted by niversities into the
technology of tomorrow. Technological advancements, particularly in sensor and robotics
design, are allowing universities and agricultural equipment manufacturers to include ever
more advanced technologies in thegsearch and developmgmograms.l t 6 s not f or
try and predict whichtechnologieswill eventually be commerciaded t hat 6 s a j ob
marketing departments and entreprenelly. aim was to discover what is actually possible

with currentand evolvingcomputer technology, to see how it could fit or be adapted for an
Australian farming system and make fellow farmers aware of this research and its
possibilities. My belief is that awell informed Australian farming community, which has
alrealy demonstrated its ability to think outside the square and become some of the most
efficient farmers in the worldhas the ability to define the future direction of agricultural

research.
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Executive Summary

The concept of Precision Agriculture (PA) has emerged over the past 15 years with the
introduction of new electronic equipment which has allowed farmers to incréase t
efficiency of their operations and develop new farming practices. However, the investment in

PA equipment represents a si gnitfe cchadn te gfuiinpammec
can become superseded relatively quickly and therefore do&sndda hold its capital value.

When deciding what equipment to purchase farmers need to understand the capabilities of
currently available equipment as well as the likely evolution of the technology in order to
6future pr oof dhistrdpa looks at axnurabertofrtecinblogies that are being

used on a commercial basis in agriculture today and the research that is being conducted by
universities into the technology of tomorrow along with some recommendations based on my

observations. They ihade:
e Satellite navigation and steering systems

Most PA equipment is based around the Global Navigation Satellite System (GNSS). The
United States and Russia are planning updates to their systems, while the European Union
and China are planning to launch their own systems. This will significantly improve the
accuracy and robustness of satellite navigation but will require new receivers to be
purchased, however, the timeframe of the upgrade is around 10 years so may not influence

purchasing decisions in the short term.
e Standardisation of PA equipment and data

There is a major push from farmers and equipment manufacturers for standardisation
between different PA equipment and the associated data. This has led to the development
of the ISOBUS 11783 standanich outlines both the hardware requirements in tesfins

plugs and wiring as well as the communication protocols so that equipment from different
manufacturers can interact. Manufacturers are well down the path of meeting the standard
with a lot of commercially available equipment already compliant. tecommended

that farmers should now look to purchase only ISOBUS compatible equipment to ensure

maximum functionality into the future.
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e BetterBoomsprays

Electronicmonitors and controllersave long been utilised with boomspraysom simple
runningtoth s t o todayods aut oma Researcthiobeinyg canductedi o n ¢
into further advancingpplicationcontrol across the boopdriven by increasing boom

widths and wider travel speedsA lot of this work is centred around controlling the
application rate and spray pattern of individual nozzl@sother line of research is based

around further advancing the concept of weed identification and automatic spot spraying.
Systems are being developed that can identify and even differentiate pldaas.spHuis

research is also closely tied to 'Micro Spray' research whereby several different systems

are being developed to target and control weeds on a finer scale or individual basis. Given

t hat an increasing pr opor tsicanverting fo mkimem r al i &
and natill with the associated heavy reliance on bigger boomsprays, Australia should

consider actively contributing to this major research effort.

e Automation of agricultural equipment

Advances in digital technology and sensor syst@ver the past decade has resulted in a
great deal of research and development of more intelligent agricultural vehicles capable of
automating tasks with minimal operator input. The ultimate aim is to remove the human
operator all together and have taslompleted autonomously. While most of the hardware
and control systems are already a reality, issues of machine interaction with an essentially
unpredictableenvironment still need to be addressed. It is generally accepted that
autonomous operations Wwiteed to be conducted by a number of small machines which
interact to complete a task rather that one large machine. This not only improves the
safety aspects but also offers greater flexibility in terms of scalabifystralia should

also be a partfahis research effort as there are many operations in our farming systems

which could greatly benefit from this technology.

This report aims to give Australian farmers an insight into future technology and allow them
to continue to innovate and evolve Awdian farming systems and help them to effectively

define the future direction of agricultural research.
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Introduction

Over the evolution of mankind, we have been inventing tools to make esrdasier and

more poductive. Mbdern agriculture, whereby humans moved frexulusively huntingand
gatheringto planned systesof sowing seeds and harvesting grains, traces its beginnings to
the Lavent region of the eastern Mediterranean around 10,000 years ago. It was our ability to
plan tasksthendevelop and utilize the tools and methodologies needed to achavask

which allowed us to develop a more reliable food supply. The past century has seen major
developments in agricultural productivity through the development of selective breeding,
hybridisation andGenetically Modified Organissy(GMO), along with the developnmé of
synthetic fertilizers and chemical weed and pest control. The industrial revolution saw
increasing levels of mechanisation in agriculture replacing most of the human labour

previously required.

The invention of the transistor in 1947 marked anothdestone in human technological
achievement. It led the way to more advanced digital circuitry andittespreacadoption

of all types of electronic technologieghich has seen the economies of scale required for
rapid development of new technologie®igital technology has also found its way into
agriculture with the development of various technologies ultimately aimed at increasing
productivity. While early pieces of equipment includagea countersseeder blockage
monitorsandharvester grain Iesmonitors, it was the development of the GldWaVigation
Satellite System$GNSS)which allowed the semrautomation of various farming vehicles

and in conjunction withdevelopments inelectronic sensor technology, has seen the
development of sitgpecfic agriculture. This technological revolution @griculture is
generally referred to as OPrecision Agricul!t

Today an exponentially increasing human population coupled with diminishing arable land
means that agriculture will need to keep evolvingrider to meet the challenge of continually
increasing output while improving use efficiencies of inputs such as nutrients, water and
labour. Research and development irttee further integration of digitatechnology and
agricultural production continuegth researchers and manufacturers looking for new ways to
utilise ever increasing computing power amb r e accur ate sensor s.
matter of time before a vast majority of agricultural tasks could be carried out by autonomous
robotsand & | crop plants, from treebs to cereal

individual basis



1.0 Satellite Navigation and Steering Systems in Agriculture

The development of a civilian Global Positioning System (GPS) alongside the military
version haseen a whole range of new positioning and navigation systems developed for a
range of industries over the past decade. Agriculture is no exception and a whole new range
of equipment has been developed from basic field guidance and mappipgnentthrough

to fully automated steering and equipment consgstems While the accuracy and
capabilitiesof this equipmenthasevolved and improvedover the past ten years, the raw
positioning datalerived from the GPS satellites has remained the same.

1.1 Upgrades to Satellite Navigation Systems

Over the next ten years we are going to see several improvetoesétellite navigation
systems. This is a result of the upgrade ofuh® A BlavstartGPSa nd Russi ads GLC
systems, as well as the developmentvad other systems: Galileo by the European Union

(EU) and Compass by China.

At ©present , systerm trabstisdve difeeRe® ranging codes over two different
radio channels called L1 and L2. The civilian code is transmitted on the L1 frequdnriley,

an encrypted, more accurate code is transmitted on both L1 andlhe.cost of a GPS
receiver is generally based on its level of accuracy. Most of the position eceursisd by
theranging codes being degraded as they pass through the atnecamh&PS receivers use
slightly different strategies to correct this errofhe highest accuracy systems use a fixed
GPS base station located within 10km of the vefBc@PS togenerate an error correction
value which is transmitted via a radio linkttoh e v e hi c | e &sefemred DRTKv e r ;
GPS. Dual Frequency GPS is the next level of accuracy and uses both the civilian signal on
L1 as well as the padf the code or.2. It also uses correction signals generated by a global
network of base st@ns, with the correction signal relayed to the GPS receivers via a satellite
link. RTK GPS systems are also based on Dual Frequency receivers however it uses its own
dedicated base station rather than the global netwlekt is Single Frequency GPS wbh

only uses the L1 civilian code and a correction signal, while the lowest accuracy receivers
simply use the L1 signal orsibwn. Some lower accuracy systems use softwsueh as the

E-Diff software used with Lightbars, which predicts the likely cleing error based on the

path of the satellites across the sky.
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Currently Russia is rebuilding their GLONASSstem originally developed about the same

time asU S A &RSduringthe Soviet era. While ngilobally operational in its own right at
presenttbs ranging codes are used in conjuncti ol
to improve position reliability in difficult terrain where a clear view of the sky is restricted.
Currently the GLONASS and GPS coding systems are not compagqleringtwo separate
receiversin the GPSunit, increasing their complexity and cost. The Russian Govartim

however, has committed to making GLONASS compatible with GPS and this transition will

start as new GLONAS#®ird generation, clask satellites are lawhedfrom 2010

The proposedEU system called GALILEO and the Chinese COMPASS systéimalso be
compatible with GPS.Both are due to be operational within the next 10 years. This will
effectively quadruple the number of satellites available to@R& receiver making satellite

navigation systems much more reliable and robust, especially in difficult terrain.

The US is also upgrading their GPS with new civilian frequencies and more robust ranging
codes. Currently the civilian signal is only trangedton L1, but a new civiliaranging code
on L2, called L2C, is currently being developed and will be fully implemented by 2016. A

completely new frequency called L5 is also planned for completion by 2018.

Triple or Quadfrequency receivers that u§&PS ranging codes ohl, L2C and L5, along

with ranging codes from any of the other systems | | be far sup-eri or
frequency receivers both in terms of position accuracy and robustness without the need for a
third party correction signal. The highest accuracy RTK systems will still require a local

base station providing real time correction data, but sfattmes and signal robustness will

be greatlyimproved while the maximum range between the base and the vehicle will increase

dramatically

Once the US has fully commissioned the L2C and L5 signals, from 2010 they will no longer
support the current L2 signal currently used by RTK and Dual Frequency receivers. While it
wonot be shut down a mamanthe $igeal ifit failstor bedorhes n o

inaccurate.

As new GPS receivers come to market, farmers need to be aware of these changes and
purchase a system that will meet their needs into the future, particularly when purchasing high
accuracy systems. As new receivers with Hbility to utilise the new frequencies and
ranging codes become available, farmers need to select a system with the capability to work

effectively in their environment without paying for excess capacity or functionality if not

11



required. A QuadBand recever may sound better, but if your operating in open terrain
then the ability to use 48 satellites at onc¢

Given the importance of, and interest in, Satellite Navigation Systems, Appendix A gives an

oveni ew of the development of the USAG6s Navst

1.2 Standardisation of GPS and Autosteer System Performance Data

Currently GPS receivermanufacturers repotheir performancéased on their own testing
without always clafying the conditions the testing was actually done undieran attempt to

better standardise accuracy claims under real world conditioasdUniversity of Kentucky

has buit a GPS test track where receivers can be tested under a variety of differetasc

The test track simulates passpass runs, headland and sweeping turns at various speeds.
The test carts can also simulate vehicle roll to determine how effectively each&ytstieain
compensation mechanisms react. The ultimate goal iotade a framework whereby GPS
manufacturers can voluntarily test their systems and report standardised performance data,
similar to the program at the Nabraska Tractor Test LaboratBarmers and farm lobby

groups need to encourage GPS manufacturarsetahis facility.

GPS Test track at the University of Kentucky. Test cart (inset)

12



An increasing proportion of agricultural equipment is fitted with either Original Equipment
Manufacturer (OEM) or thirgharty automatic steering systemaito-steeringsystems consist
of a number of sulystems including
e Terraincompensation systems which account for the difference between the GPS
receivers position and ités relative posi
¢ Steeringsoftware which takes the raw positidata from the GPS and terrain
compensation system and determines a new heading and steering wheel position
e Steering system which is usually either direct hydraulic control of the steering cylinder

or electric control of the vehide steering wheel

While the accuracyof the GPS receiver accounts for most of pleeformanceof the vehicle
and/or implement the design of the rest of ish system and the dynamics of
vehicleimplementitself, also has asignificant influence. The University ofNebraskais

looking atways to teseand reporthe overall autesteering systemperformance on different

vehicles and in the case of tractors, using different implements under different conditions.

1.3 Wireless GPS Correction Data Networks

Giventhat the maximum range an RTK base station can operate at will indneasean we

best establish base stations in the futuees each farm need one or ¢hay be sharedl If

shared, who is responsible for the maintenance? The other problem is ehgadth
transmitters sending the correction data have a maximum transmission power limit imposed
by Federal legislatiorso transmitting over donger range, particularly over difficult terrain

will require a network of radio repeatersAll the mobile phme companies operating in
Australia now have systems, such as Telstra
European countries and states in the USA have established networks of Continuously
Operating Reference Stations (CORS). A third partgbdishes the network of GPS Base
Stations throughout a geographic area and the processed correction data is uploaded to the
internet.Users within thaaireacan use a wireless internet modem, either connected laiilt

into the GPS receiver, to stredhat correction signal from the web. This provides RTK level

accuracy without the need for individual base stations.

13
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Above is an example of such a system-gptby the IOWA Department of Transport and
correction data is provided free of charge to the community. The only cost is a wireless
internet connection planThe Victorian State Government is also setting up a CORS network
called GPSnetlt will be interesting to see how this system develops and if it is embraced by

farmers.
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2.0 Standardisation of Precision Agriculture Data and Equipment

The development of Precision Agricultural equipment has progressed quite quickly with
equipment ranufactures aiming to secure a reasonable market share. Overall they have tried

to develop systems that are reliable, easy to install andTimeproblem with this approach is

that very little thought was given to making equipment that could be eatglyrated with

other manufacturers systems. As the number of different systems increases and each become
more complex, the task of getting some standardisation in communication and data protocols
becomes more difficult.

2.11SOBUS 11783

Over the past@ years or so the amount of electronic equipment on machinery has gradually
increased as manufacturers build more functionality, productivity and performance into their
equipment. To date the majority of implements have had an individual user interface
mounted in the tractor which would typically only control one specific piece of equipment.
Just as the equipmemtanufacturerstandardised items such as hydraulic fittingsyer take

off (PTO) drives and hitches, it was soon realised that in order tadaanteroperability
between the electronic systems on different tractors, implements and user interfaces,
standardisation of the electronics was required as widlis led to the development of the

ISO 11783 standard by a number of working groups semténg engineers from across

Europe and North America.

A more detailed history on the development of the ISOBUS protocol can be found in

Appendix B.

Der neue Standard fur die Landwirtschaft .
The modern ISOBUS system " new standard foragrculture — h
based around one centrdl ©
communication cablealled a BUS - ﬁ
to which all the gquipment is —
attached. The screen mounted in th

cab is attached to the BUS in t

same manner as all other equipmgnt

4
Q :

e
and is call ed ,asoVi mi

-

opposed to the dedicated termingls
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used in the past to control a single implend®mectronics. \Wen a piece of equipment is
attached to the BUS for the first time it will automatically install the software required for the

user to control it onto the Virtual Terminal Screen.

A piece of equipment is said to be ISOBtBnpliant when it has been tedtey an approved

| aboratory and meet sOBWUSE CGoengpuliiraennteeondifmensotf P rho
A piece of equipment can also have nAnSelf De
has not been tested by an independent laboratory howevenanufacturer is confident that

the equipment would meet the ISOBUS standard.

Most modern tractors come with ISOBW8mpliant BUS wiring and plugalready installed

and manyrecently releasegiieces of equipment aralso ISOBUS compatible. I would

suggest that when buying Precisionrigglture equipment in the future, it would be well

worth considering purchasing equipment that is ISOBUS Compliant. As an example, a
proper ISOBUS system would allow you to plug a John Deere Greenstar 2 displ#yeinto
ISOBUS plug on your Case Magnum tractor and control the autosteer system utilising the
GPS signal from any ISOBUS compatible receiver also connected to theG&itis. An

ISOBUS compatible Simplicity Air Seeder cart can also be attached to thearac6 s BUS v
the standardised ISOBUS plug on the back of the tractor. It will load the appropriate software
into the Greenstar Display allowing the user to control both the Autosteer and the Air Seeder

Cart with the one screen

It is generally acceptedhat full implementation of ISOBUS needs to be completed within the
next 5 years and manufacturers are making a genuine effort to reach that goal. The feeling is
that those who aren't compatible just wonot

2.2 Vehicle Telemetry

There is a gneral feeling among equipment manufacturers that a move toward wiatass
transmission is inevitable. This would offer many benefits over the current system of data
cards. John Deere, among others developing variousehicletelemetry packages wireby

real time machine statistics can be veeMrom a web page. Users with appropriate access

can monitor engine and vehicle parameters, fault codes and even vehicle location. John Deere
even has a system called Curfevhereby if a vehicle is moved whe i t sheatextdn ot
message can be sent to a phoBeveral farmer coperatives in the US MilVest use these

systems to cordinate their fleets of fertilizer spreaders and sprayers. A list of jobs is

16



uploaded to the vehicle and its progress tedcin real time from the company office. If a
change in plan is required then new job plans can be instantly downloaded to the vehicle.

Wireless networking will also allow yield and application maps as well as prescription maps
to be wirelessly transfeed between vehicles artle farm management software. This is
particularly important as more farmers move toward variable rate inputs and utilize the
services of consultants to create these prescription nfapshis to work effectively it would

be ided& to have a certain degree of standardisation between different manufacturers of

Precision Agricultural equipment.

2.3 Precision Agriculture Data Standardisation

In 2008 The EU funded th@uture Farro project, athreeyear collaborative research project
betweenfifteen Universities, Research Centres and Private Companies ténrBuropean

countries.

Future Farm Logo (sourceww.futurefarm.eu

The full project title is fAMeeting the chal
management information systems to supporttiea management decisions and compliance

t o st anTdhaer dpsroograé anm i$ tebetterunderstand how metechnologies can be

used to better manage European farms through the collection and transmission of data in real
time, across networks. It aims to develop a standardised platform for this data, in the same
way that ISO11783 is standardising the agrigalt electronic equipment. It is also looking at

how advances in robotics technology candffectively introduced into farming systems.

This is integrated with analysis on how future agricultural developments will impact the entire

European community.
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3.0 Better Boomsprays

There are many economic and environmental reasons to increase the effectiveness in which
agrichemicals are usedncreasing use efficiencies and reducing off target applications lead

to a better outcome for the environment ariktter economic outcome for the farm business.
Developments in sprayer technology including better nozzles, booms and controllers
combined with a better understanding by operators ointleeactionbetweenspray pressure
andthe proportion of fine, drif prone droplets has all contributedrémluang the incidence of
agri-chemicals moving off the site of application.

The introduction of GPS technology to agriculture has allowed the development of automatic
boom section contrpivhereby the controller W map the areas sprayed and if any part of the
boom passes over that area again the controller automatically shuts off the appropriate
sections of the boom. As witAutosteer technology, this technology reduces overlap and

operator fatigue, particularlyith larger booms and irregularly shaped fields.

3.1 Improving boomspray performance

The development of more robust and reliable boomsprays has allowed farmers to operate over
a greater range of speeds, improving efficiencies by travelling fasterswaght, flat areas

and slowing around obstacles and when cornering. This has presented issues for drift control
as automatic rate controllers increase llo®m pressurg as speed increases order to

maintain a consistent application rate

Capstanhascommercialiseda technology developed #ie University of California,Davis
Campus whereby individual nozzle bodies are fitted with a solenoid valve. The nozzle
bodies are fitted with the appropriate nozzle for the maximum speed and flow ratedequir
When the boom is travelling under this speed, the solenoid valves on each nozzle will pulse,
simulating the flow of a smaller nozzle. The overall effect is to hold the spray pressure,
pattern and average droplet size at a predetermined level owarhalanger speed range than

is usually possible. For small and irregularly shaped fields, there are typically many speed
changes as a large boom negotiates the contours in its path. Maintaining the predetermined
boom pressure and droplet size is impdrtarensure effective coverage is maintained while

the production of fine, drift prone droplets is minimized.

18



This technology could be further enhanced with integration with the automatic boom
technology whereby instead of the automatic boom controdletivating valves to control
sections of the boom, it could interface with the Capstan controller and direct individual

nozzles to turn on or off.

As boom widths continue to increase there is a significant issue of over and under application
of chemical a the boom rounds corners with the inside boom slowing significantly and the
outside boom speeding up.

Field #2
Off-Rate Application

. < 10% Below
Target Rate +/- 10%
. > 10% Above

Simulation of actual spray applied in an irregular field (source Joe Luck)

Joe Luck and his colleagues from the University of Kentucky have been modelling the actual
spray application in irregularly shaped fields and are devising methods to overconme it.
Capstan technology could be further developed to account for changpedd across the
boom when cornering. During cornering, as you move further t@thedinside end of the
boom the nozzle speed over the ground gradually decreases. To maintain the target
application rate per unit argthe flow rate needs to incrememyatlecrease as you move out
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to the point where the nozzle could possibly be turnedifoffie nozzles at the end of the
boom stop moving forward or even start travelling backwards. As you move further soward
the outside end of the boom, the nozzle spaesr the ground increasegrompting the

controller to increase the flow.

The overall aim is to ensure that a boom applies a fixed volume across the entire field while
reducing the incidence of chemical drift. However, there are many situations whareran

application isnét actually required.

Automaticspot spraying systemsuch as the WeeBleeker and the soon to be released Weed

IT, can detect chlorophyll and operate individual spray nozzles to only apply chemical to
areas which contain plants. Wéhthis can significantly reduce the amount of chemical
applied to areas not containing weeds, they can still only detect plants from a soil and residue

background and therefore candét be used to cc

3.2 Image Analysis for the Detection of Weeds and Crop Plants

The mass production @feb cams andligital cameras has seehargecoupled deviceGCD)

and complimentary metabxide-semiconductor §MOS) image sensor chips increase in
resolution while falling in price. This, coupled withet continuing increase in processing
power of computers, has resulted in a lot of research being conducted into the development of

systems that use image analysis to distinguish between the crop and the weed species.

Several different approaches are takeriuding systems that have a database of plants in
memory to which they compare those in the image. Another system picks out the crop row
by the fact that i1tdéds in a straight I ine or
assumes that alhterrow plants are weeds. Others use advanced algorithms and neural
networks, which model complex relationships between datasets and look for patterns in data,

to classify the plant through its shape, texture and colour. At present these systemgcan g
accurately <classify the plant as | ong as i
However researchersare confidentthat with more software development, methods will

evolveto overcome this limitation.
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3.3 Microspray Systems

This concepuses weed detection systems to not only detect the weed, but also determine the
most appropriate chemical rate required to kill that particular weed based on its size and other
characteristics. The chemical is then applied directly to the leaf of thet nveémising or
completely eliminating off target application. Researchers at the University of California,
Davis Campus have been working on different chemical application technology including

Microspray technology.

Microspray Head developed at UC a (source David Savage)

Researchers at the University of Aahus in Denmark are in the early stages of testing the
concept of using a commercial bublplee t printer head to o&6print
leaves. While this research is only in early depeient, the technique has many advantages.

As the chemical is applied directly to the ledtift is negligible. Using different formulations

of chemicalsor development of new formulationshould allow application to be carried out

in a wider range o€onditions such as higher temperatures or with dew on the leaves. This
would allow application over a wider spray windotvo we v e r itdéds unli kel
boomsprays could be adapted to suite this technology. A completely new type of spray

vehicle wauld be required.
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