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To identify factors that impair the utilisation of farm
technology
Toidentify anybeneficial featureshat system developers
ought to integrate into their platforms.
To identify any necessary improvements to the supply and
support chain.
To identify what changes may be necessary at farm level to
drive optimal utilisation 6farm innovations.

states in Americéover 2 trips)

New South Wales andictoria inAustralia
Honshu island)apan
Israel Indonesia and UK
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within the livestock industry will remain underutilised.
Technical systems are used by operators and specialists. Tt
expectations, requirements and evaluation of the system wil
be markedly dferent.

The perceived benefits of technological systems are unclear
the point of useg operators are prone to hyperbolic
discounting.

Specialist understanding (either darm or via third party) is
influencing investment in new technology.

Confidencen support provision is necessdiyr successful
adoption of technical systems.



EXECUTIVE SUMMARY

Since the first electronic milk meter was developed in 1977, milking machine technology evolved
rapidly with the first prototype milking robot operationalmere 14 years later in 1992.

In the intervening 25 years, the apparent progression has been less impressive despite significant
technological developments. Many dairy farms invested substantially in technological systems that
were designed to improve prmance, margins and welfare. Yet many of these systems have failed
to fulfil their potential and remain underutilised or redundant.

As someone involved with the installation and support of many of these systems since the 2000s, their
significant undertilisation was both frustrating and disappointing. Fortunately, this was not the
situation across all farms, with some enjoying spectacular success in similar situations to where others
had suffered failure. It became apparent that this was not an isspeagfeny or reliability there are

other factors that influence the success (or failure) of systems designed for farm use.

The primary purpose of my study was to determine what factors contribute to a successful outcome
of high utilisation and what factesrmay compromise utilisation. | hoped to identify any beneficial
features that system developers ought to implement in future products and if the delivery and support
mechanism should be improved. The final considerations concerned the farm environnatfaritd

what changes may be necessary at farm level to drive better system adoption.

To correctly identify necessary improvements to the supply chain and farm operations, | researched
several farms that were successfully utilising technology in the USAalia, Israel and the UK. My
research considered poultry, dairy, swine, arable and mushroom enterprises as well as interviews with
politicians, business leaders, academic researchers and farm specialists such as veterinarians. | also
arranged visits wit technology developers in the UK and Israel to understand their design
philosophies and what farm level changes may be necessary from their perspective. | also met with
extension officers in both the USA and Indonesia to understand the challenges teeg faglaining
innovation and techniques to farmers large and small. Finally, | spoke with specialists to understand
what influence they have upon the investémt decisions of their clients.

¢KS FdzyRFYSyidlf A&aadzS 02y OSNEa vAdeNDSO A YSHidR dzAfIA & 12
it is impossible to develop a technical system that will work on all livestock farms. The success of a

farm can no longer be aitruted to a single intelligenceather there are many minds at work seeking

answers to ery different questions. Furthermore, many system operators, unaware of the benefits of

proper system operationfall A OG A Y (i 2 R & &K © 2 ¥ i) ffcAcEmplete other farm

chores rather than concentrate osystem operation.
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1. htroduction

LQY GKS StRSad 27
sister, raisecn a farm called Sychpan
near Cardigan in West Wale¥/hen |
was 4, Mum and Dad chose to stal
milking cows; a practice now continued
by my brother Marc.

Although a farmer, Dad is also a keq
engineerand the farm workshop wasg
my favourite space on the farm. | woulg
watch enthralled as cold steel would b
transformed beneath a shower o
smoke and sparks into a useful far
implement. As a boy, engineering

involved welders and grinders to build epic $tilfat solved farming problems.

Figurel: The author, Tom Allison
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still is) a milking machine fitteand | jumped at any opportunity offered to spend time with him. On

a hot afternoon in Augst 1990, we were unpacking a new milking plant which to my astonishment

had no glass milk jars to measure milk weight. The jars had been superseded by small plastic vessels
called electronic milk meters. This technology awoke my inner geek.

Over the folloving years, my perception of engineeringdened; now engineers desigapic
G§SOKy2t238 G2 FAE NBIf $2NI R LIN®reainband IdhadtbigS Sy I A
dreans ¢ in which farming did not feature. As teenagers, my fellow geeks and | ggdan the day

we could leave West Wales and 801998, | moved to Bath to study fond & (i dett&ean Electronic

and Applied Electrical Engineering.

a®@ GSSyl 3S | &LJA NI ihRagth' andhaRrng graduate®id 2002y iiefiiRed FicndJ
in 2003 to work with my uncle installing the latest generation of milking machines including Automatic
Milking Systems (AMS), commonly known as milking robots.

Within a year of returning home realised my professional destiny would be entwined withda&y
industry.l became selemployed and begato seek outaind design technologies that would improve
water and power consumption on farmas well as systems that improved animal welfare or reduced
antibiotic consumption. It has been my incredible good fortune to have worked on projects
throughout the UK, in Europe, theitille EastNorth and South America and Australia.

Early October 2015 fortnight before my Nuffield interview, | met Lisa at a dinner in Madison, USA.
Despiteherd SAy 3 |y | YSNA Owityf Berbef@dHalowelert FYR AL YE RB$ A A K (G SF
that we married in August 2016.

I*HiraethisaVBf a K g2NR FT2NJ 6 KAOK GKSNB A& y2 RANBOG GNIyatldrazyo
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2. Background to my studyubject
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being used as envisaged by either farmer or product desigblearly these systems do operate as

intended on some sites, and gbis is an issue that transceés progeny, technical maturity and

hardware reliability. Yet new innovations designed for an increasingly sceptical [livestock] industry
continue to spew forth.

My study therefore sought to understand why hitgth systems designed for the livestock indyst
are largely underutilised and what barrieappear to prevent theisuccessful adoption.

. @ g KSOK aeaidsSya RSaA Iy SR refer2idtbose KyStenis xthgt @@ be2rO|1 A Y R
primarily designed toféect change in the following areas

Livesock housing

Livestock performance growth rates /daily productiory fertility
Welfare

Product harvesting

Genetics

=A =4 =4 =4 =

However, his is not an appraisal of currently available, emerging or future technologies
As someonaevhom has supplied and supported vartechnical systems to farmers, | wanted to:

1. Understand what (if any) prerequisites may be required by either the farmer or the
technology to ensure a successful outcome

2. Understand if there are any ongoing commitments required to maintasge

3. Understand the role of third parties in driving the use of a technical product

4. Understand if technical events contribute to improved performance.

My intention isto identify the pertinent factors before developing a protocol that will allow farmers
to better utilise their investmentbe it historic or plannedMy hope is that myconclusions wilklso
become usefutonsideratiors for designers of technical products or services as they devdiep t
next generation of products

Understanding why existing highch systems designed for the livestautustry are largely underutiliséd 2
by Thomas Allison
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3. My study tour

| When Where
May 2016 USA Pemsylvania,
Michigan, Indiana (2
weeks)
London
October 2016  USA (1 Week)

Australia (2 Weeks)

November 2016 Japan (1 week)

Israel (1 Week)

Germany (2 Days)

April 2017 Ellesmere, UK
May 2017 Indonesia (1 Week)
UK 2 Days

Why

1

=A =4 =

=a =4 = = =4 =4 =4 =4 -4 - =9

=

=
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Visit several AMS installations, including the
first farm in the USA to install automatic TMF
feeder

AlitechQ & ¢ KO&e conference

Visits to poultry and swine producers
Meetings with professors ®ennStae
College of Agricultural Sciences

Specific focus on funding and mentoring
progranmes for new tech starups

Attend World Dairy Expo for meetings with
software houses and hardware developers
Visit large scale dairy farms in Nebraska and
South Dakota

Visit established large scale dairy

Visit rapidly expanding dairy business
Several meetingaround Melbourne

Visit equipment importer

Meetings with dealers and hardware suppliel
Meetings with dairy farmers

Meetings with university professors
Meetings with specialist advisors and
veterinarians

Visittwo innovative technology companies in
dairy.

Visit with international control company

Visit severakibbutz farmgo observe very
successful technology installations

Visit to Eurotietto meet with European
manufacturers of control systems

Visit to Fullwoogdhome d the only UK
designed and builAMS system

GDF Congress

Visit to a number of small dairy farms

Visit to a large dairfarm with processing

Visit fellow Nuffield~arming2016Scholar,
Richard Hinchliffgfor an alternative (non
livestock) perspective on technology.

Understanding why existing highch systems designed for the livestautustry are largely underutiliséd
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4. Hbw are farms currently succeeding in using technology?

I had hypothesised in my Nigfd Farmingapplication that farmsvhich enjoyedthe greatest success

with technology may share some traits. Because the issue of adoption and use is not a consideration
of brand, | felt it important to visit several different type$ tarm ¢ dairy, poulty, swine and
mushroom. So | start off my report with dase studies.

4a. Case Study Ifrusting echnology:Westview Farm in Peach Bottom,

Pennsylvania

On May 18 2016, | met Mr Galen Nolt of Westview Farm in Peach Bottom, Pennsyhan2f14,

Mr Nolt and his sons Darwin and Mike updated their 68 unit by building a new barn with three
robotic milkers, and became the first U.&riin to install the Lely Vector automatic feeding system.
The Lely Vector automatically mixes and dispenses tataikxed feed rations before following a
guidance system and dispensing the feed in the barn. A modern calf rearing unit on the farm also
featured robotic feeders and was newly commissioned prior to my visit.

The Nols had concluded that investing in autor@iiwas the only means of securing a dairy future
forthesons.Mb 2 f G NB Tt S Ol KR théikowrifamili&s$owd ghg/aie sinply not willing
G2 62NJ] | %o réalisika SRuoRikhéday, they have learnt tarist thei SOKy 28 2 3 & ¢

remarkable mindset considering they had never used a personal computer before

During my visit, a large party of Amish farmers arrived unannounced to view the barn and observe the
technology in action. Such visits have been a common occurrence since thevdsacommissioned

and the Nols are rightly proud of their facility.For the Nols, the technology represented an
opportunity to maintain the family tradition of dairy farming. Howeyénere had been issues,
particularly in the beginningvith steep learniig curves and patience needed.

An early frustration was describdry MrNolt,A Ay KA OK | OSNIIFAYy FSSRaldzF ¥

the feeder. Despite being able to observe the machine in person and verify that the ingredient was
not being loaded into themixer, Mr Nolt was told by remote support staff that they believed the

AYANBRASYG ¢la o0SAy3a | RYAYAaU MNB®IRacoeptedhene wosld Y I OKA Y

I A A 4

bea G SS G KA ybak bekaima tinghar drritated bysoftware updates that would raove or add
features without explanation by local support.

The automation has enabled Westview Farm to continue milk production whilst affording the sons a
Y2 NB a 02y @ Syifébalangd. Cohisequentd there is less interaction time with livestock t
provide an opportunity to observe and diagnose any [animal] health issues. To compensate for this,
the robotic milkers feature milk fat and protein analysaed sensors monitor cow rumination and
activity.

From my own personal experience, the farmsietthavehad greatest success with technology have
tended to be those with have deferred all wst to the technology. The Nolts were no exceptiaith

the first destination of the day being the computer and not the cowshed; an action echoed by other
AMS lerds | visited.

Understanding why existing highch systems designed for the livestautustry are largely underutiliséd 4
by Thomas Allison

A Nuffield Farming Scholarships Trustzdgdi X JSySNRdzat e alLl2yaz2zNBR 6& ¢KS ¢ No...

y

~



Understanding animal health is becoming a function of digital informati
not a consideration of experience and empathy.

The Nols, like many othersare developing new skillsets alien to traditional farmiguch as IT
competency- to enable them to interpret the machine. Additionally, they are learning the khow

to undertake most of the maintenance themselves and address the simpler faults; effectively
replicating skills of the local support teawith whomthey havean excellent relationship.

Excellent animal welfare and production metrics are a testament to the reliability of the technology
installed at Westview farm. However, on a farm where animals are fed, monitored and milked
autonomously and human #ities are limited to hardware maintenance and data interpretatitn

GKS aFIFNYSNE tF06St adAatt | OOdzNF S 2NJ NSt SOIyiK

4b. Case Study Precision and gecification: Pietro Mushrooms of Kennett

Square, Pennsylvania

Chris Alonzo is the thirgenerationowner of Pietro Mishrooms of Kennett Square, Pennsylvania. The
company produces 22,000,000 Ibs of mushrooms every year, with half of that being produced from
one state of the art facility equal to 1% of the entire white mushrooms prazéd in the US.

Figure2: A worker watering mushrooms at Pietro MushroomBennsylvania

Figure 2s of a worker watering mushrooms in one of 24 growing rooms. The worker is surrounded by
growing beds, each one laden with 4.5 tons of compAsiHetro, the growing process is anv@eek
cycle¢ 5 weeks to prepare and 3 weeks of harvest. Mushroom harvesticayiged outby hand, the

Understanding why existing highch systems designed for the livestautustry are largely underutiliséd 5
by Thomas Allison
A Nuffield Farming Scholarships Trustzdgdi X ISy SNRdzat & alLl2yazNBR o6& ¢KS ¢No.. , .



timing of which is the consequence of precise humidity, temperature and air quality control. In turn,
these variablesre automatically managed via a network of sensors and controllers that terminate at
an enormous workstation for human observatids mushrooms are grown to customer specification
(for example mushroom size is specified to within % of an inch), any lmikt&on or equipment
failure can affect the timing of the harvest which has sevepercussionsa delay in harvest of only

a few hours will affect the sale price by-26%.

/| KI £t SyaSR o0& K2dzZNI & NRalasz aNJ ! f dsypredigoa inl LILINE |
coordination is only achievable with very specialised hardware. The company engsugral

technicians to develop, build and maintain bespoke equipment for use in the growing rooms. Suppor

for the more complex controls outsourced to docal company, contractually obliged to diagnose

and resolve an issue within 12 hours of notification.

Mr Alonzo studied for a BS (Bachelor of Science) degree in economics before returning home to grow
mushrooms. He explained that the company has a stratefgvertical integration, and is part of two
co-operatives. The firsth [ | dzNB f & is 4 dpeial conpoit fpraducEessential in rashroom
production) and the secondd / 2 dzy (i NB  C NXB dskinvavedirkmbiketinggackaging and
trucking.Pietro Mushroomsis therefore actively involved with the businessthat can have a direct
influence on their profitability

AsathrddSYy SNI A2y LINPRAZOSNE aNJ ! f2yi2Qa odzaAySaa |
to the success of this inspirimgmpany. As the critically timed harvest is manuih repetitive work

undertaken by a largely foreign workforedich hadimited English, the company developed stringent

operating procedures that include trainingvlushroom production at this scale isceamplex and

skilled process; the product must hit specification during a harvesting widow of hours at the end of a
5-week process. This is only achievable with science, precise automation, logistics and [human]
resource management. The success ofthisibysS&da A a G(GSadl YSyd G2 aNI ! f2y
complete confidence in the technology to perform as expected.

4c. Case Study Standard operating ppcedures:Kreider FarmsPennyslvania

In addition to strong Stadard Operating Procedures (S)APietro Mushrooms also had clear role
definitions where all workers understood their roles. Dr. Gregory Maatjpoultry extension educator
with Penn Stateoffered me a tour of Kreider Farms near ManheRennsylvania.

Kreider Farms is a thirgeneraton family farm combiring dairy and eggproduction. With 450
employees, they produce a range of flavoured milk aneciemm which they distribute along with
their eggs via their own logistics company.

The winners of several prestigious awards, the farmm hade significant investment in technology

over the past decade, including stabé-the-art egg production, renewable energy, water treatment

and tourist infrastructure. A fortnight priot Y& @A aA (3 0AKISR 20LaSS/NGREediAK2SYA N 2
photoonnext pagé whereby visitors could climb to a viewing platform affixed to an old silo and enjoy
panoramic vigvs of the county. With sophisticated LED lighting, the tower has already become an

iconic landmark. These &rprises are included in a strorspcial media offering which not only
encompasses both Facebook and YouTubeatso local television news

Understanding why existing highch systems designed for the livestautustry are largely underutiliséd 6
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Our visit began at the dairy facility, where Dr Martin
highlighted custom built controllers for managing
milk cooling.

We met the general manag for the dairy who
outlined the dairy SQOf Policies had been
developed toencompassall critical aspects of herd
management and responsibility for certain tasks
vital to herd performanceto be covered by a
dedicated employee such &eproduction Manager

At Kreider FarmMike, the reproduction manager

had executive responsibility for all breeding

decisions ¢ including performance targets,

technology adoption and breeding programs.
Technology featured very heavily in the daiaynd

both managers | interewed described the business

| & arlgf t6chnologyR 2 LJG SNE ®¢ !  KI £ f YI N.
SOSNE RIANE TFINY LQOS GAaAd
utilised technology is seldom universké. the farm

Figure 3: Old Siloepurposed as a tourist attraction, ] . )
Kreider Farms, Pennsylvania uses several different technologies from different

manufacturers taachieve its objectives.

l'a gAGK GKS bzftda G 2S8SaG406ASé CIN¥Yz: (KSe& KIFIR SEL
but had also found challenges in synchronising information between platforms; for which new SOPs

were developedln addiion to thedairy unit, Kreider &ms manage 5 million laying hens, supported

by an online computer system that guarantees eggs are paakethe day laid.

The business had recently commissioned a hew egg washing and packing facility capable of processing
2.2million eggs per day at the main Kreider site. For both Kreider staff and Dr Martin, technology must
not only improve food source, but also prove (the) food source.

4d. Case Study 4nnovative technology:Whiteshire Hamrog Indiana

A family business fasver 100 years, Whiteshire Hamroc were primarily pig farmers in Indiana, with
interests in crop production and retail pork. But brothers Charlie and Mike Lemmon grew frustrated
by the performance of commercially available ventilation and heptipstemsdr their swinebarns,
andestablisked their own company, Airworks, in the 1980s to address these perceived issues.

The original challenge was to capture heat lost from the nursery in the stale air that was being replaced
with fresh air. As there is a calation between comfort and performance, the fresh air required
heating, so the availability of fresh air was a consideration of energy costs vs [stale] air quality. Charlie
and Mike (a registered veterinarian) began to develop products that improvedpidoct, the most
significant invention being a patented Vertical Ventilation design fswine barns.
(http://www.whiteshirehamroc.com/airworks.htn)l By addressing thesessues of energy and air

Understanding why existing highch systems designed for the livestautustry are largely underutiliséd 7
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guality, their system could provide abundant warm, fresh air uniforitd all animals in the nursery:
improving animal welfare and reducing energy consumption.

Because the innovation created a uniform environment across the nursery, it allowed Whiteshire
Hamroc to identify genetically superior animals for breeding and sale. The company is nosv at t
forefront of glokal swinegenetics with industrteading purebred lines. Filmermore, the system
enables them to raise a special group of pidech producdissueunder stringent conditions for use

in human medicinend research. Using the AirWorks t&ys enables higher stocking densities and
improved operational efficiencies with energy consumption, labour and maintenance costs5865
lower than conventional systems. The company also claims th&iems generate an averagé7-15
daysfaster growthwith less mortality and sicknegsn turn reducing the need for antibiotic therapies.
Little wonder that AirWorks is now a successful company.

Whiteshire Hamroc have continued to innovatedahave 3 88 Ob A AEA]

developed concepts fopig manure processing that van  farm veterinarians are

from conventional to radical. During a conversation wi nsidered the bi
company president, Rebecca Schroeder, several challer considere € Iggﬁ

were highlighted; concerning the utilisation of technology Challenge as many are
and .de.velopment of new te'ch§he also obsgrved thas unWiIIing to consider
specialists such asrim veternarians are considered the .

biggest challenge as many are unwilling to consic alternative models.
alternative models.

4e. Summaryof these visits the secret formulaon farm
Complex, technological systems were responsible for undertaking core processes diuhgmsses,
yet the farmers all trusted the technology to function as intended. Why?

1 Beitfamily legacy, genetic reputation, product innovation or product consiste|
these businesses had clearly defined visions for the future and their applic
of technology was aligned with this strategy.

9 Every business had developed clear, specific operating procedures to ensur|
the technology worked for them and that they did not work for the technolog

1 All workers achieved a minimum level of competefayoperation.

i The technical literacy was sufficient for the undertaking of basic repair.

9 Stringent service and repair caatts with suppliers of missietritical hardware
had been agreed.

I Management had great market insight.

i The farm technology was uséal provide additional reassurances on quality a
care to the market.

Understanding why existing highch systems designed for the livestautustry are largely underutiliséd
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5. The challengesto successful technology deployment on farm

In their applicaton and trust of technology théarmers (described in the previous chapter) were
exceptional.My own personal experiencéhas shown that most livestock farmers seem unable,
unwilling, or both, to surrender trust to the technology.

To understand more about technology used on livestock farms and failure vectors, veertsider
two extreme scenarias

1 The first scenario assumélawless technology performance
1 The second considers the requirements for flawless operation.

5a. Scenario 1Reliable technology, unreliableperatives

L'y FYyAYFEQa NBalLkRyaS (G2 adGAYdzZ dza oAttt 0S dzyAldzS
Hence, aimalsmay be described aSomplex, Individual, Time Variant andn@gnic (CITD) systems:

an idea that forms the cornerstone of modern Precision Livestock Farming (PLi)s, modern
livestockiechnologies do notonsider an animal as an average of aydapon, they adapt to the time

variable responses of aanimal

What is Precision Livestock Farming?

PLRechnologies enable the farmer to provide individual care for each animg
This is accomplished bytegrating (combiningh measured bio response
together with a predictive process to create a control algorithm or monitoring
system. Continuous measuremsiare key to the success of PLF systems.

(@
(V)]

Because PLF systems functionb$y SN} GAy3 | aY2RSté¢ 2F GKS LINE
success depend upon

1. Quality and timing omitial information offered- suchas date of birth, calving date artiine.
2. Continuous, quality measurementsthie bio response sensor data

However, all living organisms are CITD systems, inclddmgers and engineerdustas ah Y A Y I f Qa
response will be a functioof environment, stimulus and time, $oo will be the response of farmers
and farm workersln a world of perfect technology, faile is the consequence of imperfect operation.

Howard Straub Ill is the Dairy Manager at the KV Kellogg Biological Station, Pasture Dairy Center

(part of Michigan State klversity). Mr Straub is responsible for managing the-&6®& grazing herd,

milked on an Automatic Milking System (AM33esulting rom his experience with usingM$

SldzA LIYSY G KS |faz2 @AaAh i adzia NprdaigeR flvice o AMS useis 6 S 6 A
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He says:

The least successful [technology] deployments occusiinations where
nobody takes ownership of the system; perhaps fearful that the
technology will replace them- Howard Straub IlI

On a livestock farm, taking ownership of a technical system requires a willingness to learn the proper
operating procedure and regular interrogation of the systdinereality on mossmalllivestock farms
LQO@S @A aanalg Bndfddp MufisldiParmingstudy is that very few farm workers are
Y2UA QLGSR G2 of the tgcBnoldgy. FuBtiNEmMiSra, Indany of these farmers will prefer to
delegate operation to spouses or even children

When farmer owners fail to share their plan The reality on mostmall
with employees, suspicions are aroused. Tl -

LI NP OKA I € L2t AGAOA | EOAOOI AE AAOI; ¢ 5
YEyAa¥sSada 2y FINY & thatvery few farm workers arel d2NB
These attitudesbecome amplified across the | v A = A A A = A% 3
industry, creating a barrier few outside the ' OEOAQ A A Ol C
farming community can penetrate ¢ of the technology.

indiscriminately frustrating new entrants

repellingnew ideasand eroding consumerust. To encourage universal ownership, farmers should
consult with all farm staff (including family) during the researching anplementation of any
technological systems. Conversely proponents of technology into the livestock sectors should develop
strategies to better engage with personnel who may fear fuitt livelihoods and strategies that
improveintra-farm communication.

Without clear standard operaig procedures, the routines of (smalldifjestock farms can be easily
disrupted Variables such asélement weather, harvesting considerations, sick animals etc will force
personnel to prioritise; ensuring tasks whictiirectly impact upon animal welfare are completed first.

The importance of soft tasks (advised for optimal operation of mézdd systems) are easily under
estimatedparticularly by personnel whbave not engaged with the technology. These tasks, with no

00 GA2dzaX AYYSRAIFGS o0SySTFAG INB SFraiafteée RSTSNNBR

These micro decisions pose the greatest threat to the viability of technology on livestock farms as
managements the consequence of decisiortBus, the managemenof the technologyis radcally
alteredfrom proper useThere ae three fundamental issues here:

1 First,many farmers | have spoken with on this issue do not perceive the time spent on data
entry asbeing important.

1 Second, rany algorithms used in PLF technologies require ateunitial data for optimal
performance information that may not be readily available. In this situation, the farmer will

a

either defer the process to a later time or populate the system it RdzOF § SR JIdzS&aaSa

9 Third, the accuracy of PLF technologie®alepend upon quality measurements usually
from electronicsensors which must be precisely deploy@dreless sensors (such as those
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affixed to livestock) will also be stamped with a unique identification. Gveatock farm,
these sensors are expensiand usually reusetipwever,the physical demands of the
environment in which they operate can frustrate redeployment

1. The sensor ID can become difficult to read
2. The attachment system used to fit the sensor to the animal can become
compromised; resulting in difficult attachment and position adjustment.

Convinced that sensor deployment will take precious time, the farmer may either defer the activity to

a later date orchallenged for timemisapply the sensoBecause ofssues like thesethe qperator

has inadvertently developed a rategy that reduces the &tacy of their system:further
compromisinghe systen® perceived valuaVhen we prioritise tasks, we are essentially sorting them

by their perceived importancend value. On farm,a task cessential to the correct function of a
technicalsysteth gAff 0SS S@FfdzZ G6§SR | yR O2HowdveNBakulaiirggy 4SSN
G KS oS yuSiAgkhé systeémprogedy A & O2 3y A, antl @$he alterdasvy tiadtk S aften

chosen.

Seécting smaller, immediate rewards rather than larger, later ones is a cognitive(iiestal
shortcut)known by economists and psychologisthgperbolic discounting But this is not exclusivg
a livestock technology issue.

At the W KKellogg Biologidéstation, Mr Straub had identified issues with manual plate metetiag
device used to monitor grass growthValking around each paddock with a plate meitea time
consuming and laborious process. In inclement weathlee, temptation was to compromisen
number of readings made and the area covered; furthermore, to achieve consistent plate meter
readings, the operator should stop walking and action the instrument vertically. For accurate
Y S| & dzNJBh€ key i§ to hake the process edssy/

Their solutiorwas to buy a @©ax pasture meter, designed to be pulled behind an ATV as shown in the

picture on next pagelt was also realised that the operator would have to dismount and remount the

ATV twice to enter a paddock and again to exitat total of 192 dmount/mount routines would be

required to meaare the entire grazing platfornT.o address this, they designed and built a caig®

the ATV(also shown in the photgraph)allowingi KS 2 LJISNJ 2NJ 02 RNAR GBS RANBC
fences between the paddosk

The approach taken at the centre was to correctly identify alfasm challenges: the requirement for
a better measuring device as well as improved farm processes. They then developed a strategy that
maximised the chance of success as opposed togrggmmanage the system.

See photo on next page
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Figure4: Modifications made to an ATV to facilitate grasbservation
at the W K Kellogg Biological Station, Pasture Dairy Center

5b. Scenario 2. Reliable operators, unreliabkechnology

In our second scenariaje must first consider that thasers of the hardwarare fully competentand
an array of SQfare followed The following is @&hort consideration ofsome ofthe technologies
typically used on farms

Mobile phone

Farm robotsjncluding an AMS system, robotic feederslananure scraper
¢ NI RA (iS\&@1yl 2 LIa RO2 Y LIdzii S NJ

Barn automation

Animal sensors PLF hardware

Weather forecastingvebsite / app

Social Media website / app

Superfast internet connection

CCT\8ystem

=4 =4 =4 =4 =4 -4 4 -8 4

Should any of thse technologies faisuddenly andcatastrophically,the issue isapparent and
appropriate action can be taken. When possilie, farmerhas worked with his hardware providers
to develop contingency plans that are enacted when missidtical hardware dils. For examplestaff
have received training and can accomplish simple AMS diagnosis them§elvesrecomplexissues
they are unable taesolve, aservice contrachas beeragreedwith the local hardware supplier
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f A Internet

-

Virtual Domain / Human Domain Animal Domain
(c )) CCTV or specialised camera
Specialised Interface Environmental Sensor(s)
Hardware a i i

Electronic
Identification (EID)

Internal Sensor

Desﬁaabomputer

PLF Technology Provider Environmental / Process control External Sensors

Figure5: How technology is usedcrossthree domains (Diagram by the author)

Assuming perfect operation helps usuaderstandhow vulnerable such systems are to component
failure. Considefigure 5,showinghow a typical PLF systeisi constructed over three domains:

M Virtualdomain
i Animaldomain
 Humandomain

5b.i. Virtual domain onsiderations

A relatively mw frontier, the vrtual domain | believeprovides unparalleled opportunities to all
farmers.Just as the printing press advanced science, the internet platform allows for the sharing and
dissemination of new ideds a flash Social medialatforms enable us to establish digital identities
that we can use to instantly share our experiences, enrmstiand opinions with anyone, anywhere.
The ability to engage directly thithe consumer is a fantastic opportunity for mutual understanding
and insight. So, the virtual domain can be likened to a universal gateway between consumer,
producer, processor, tailer, equipment manufacturer and all other partiéswill become the driver

for future farm innovation.

As my topic concerns the adoption and operation of technology on fdrnas/e deliberately restricted

my considerations to focus solely on mattgrsrtinent to technical(system) function.As precision
livestock systems evolve, both developers and farmers can benefit through adoption of cloud
techniques.By uploading data to their cloud systems, manufacturers can:

Understanding why existing highch systems designed for the livestautustry are largely underutiliséd 13
by Thomas Allison

A Nuffield Farming Scholarships Trustzdgdi X JSySNRdzat e alLl2yaz2zNBR 6& ¢KS ¢ No...

y



1 Refine their algorithms andevelopnew ones before deploying in the field.

1 Identify potential hardware problems and develop a remedial strategy before catastrophic
failures occur.

1 Identify operational deficiencies and provide guidance to the customer

9 Offer a backup facility for farm data

1 Provide reatime support

The benefitdo customers are derivatives of thegemovatiors ¢ for examplecontinuous data backup
is incradibly useful in the event of ofarm hardware failue. It was the processing of agagated farm
data that made nany ofthe cuttingedge discoveries that | witnessed during my trayedssible.
Individual farm datasets are of very little value for development purpgdesvever that is not tsay
they are not without value.

The main threat to the viability of agricultuhgffocused cloud services will not originate on farm but
from the developers and legislators. Any perceived threat to privacy or an abuse of trust is likely to
galvanise farmers into abandoning that platforfsecure and reliable internet connection isergsal

for any cloud service to operate effectiveRural @ography andparsepopulations deter competitive
deployment of &st internet in the countrysidethis is the reality observed in the UK, USA, Australia
and Japan. Alternative technologies suchrasbile or satellite internet are not without issue and are

not universally available.

The migration towards cloud applicatioimsgeneral is fundamentally chgimg software development
and support. Previously, stanélone computer programmes (software) were developed to be
compatible with a given computer operating system. The operating system was desigs&bibty;
thus, the softwareshouldrun indefinitelyproviding its host operating system doéss the operating
systemmaturedto capitalise orchanges in internet and computer technology, software developers
were encouraged to deploy regulapdates to ensure compatibility.

To ensure user satisfaction and security, this trend of deploying frequent, small updates has continued

onto cloud applicatins. For example, in the yebrading upto November 2014, the Amazon Apollo
deployment service (http://www.allthingsdistributed.com/2014/11/apolleamazondeployment
enginehtml@ & dzaSR F2NJ pna RSLIX 2@8YSyida (2 RS@Sft 2LI¥S)
an average of more than one deployment each segond! & O2y ddzYSNA 06SG2YS | OC
pace of new feature implementation and security updates in their favourite applications, the old
software development approach fails.

Typicallythe development pace cfoftware to accompangquipmentsuch as milkingnachineswas
dictated by the rate ohardware developmentThis will no longer be the cage future. As cloud
platforms mature, there will be an acceleration in understanding. Deployment of novel algorithms will
lead to the replacement of old management standards providing competitive aalges to those
farmers engaged with the system. To survimanufacturers must be prepared to develop and deploy
software updates at a pace not determined by them, but by the market and research.

5b.ii. Animal domain considerations
This is the realm ohie livestock andgchnology designed to:
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1. Observe and measure biesponses
2. Manipulate the livestock environment

Monitoring technology is designed to function and operate in the environment under consideration.
For example, in a laboratoryr factorybased process, the sensors are subject to a consistent
environment for which adequate protection can be designed. The more variable the environment, the
greater the challenge to protect the hardware without sacrificing performarinePLF(Precision
Livesto& Farmingpystemsmostmonitoring technology is situated in the animal domarhich is a
highly variable environment. Commercial equipment destined for use in the animal environment
must:

1. Be positioned to be free from mechanical interference (by animafarm machinery)
2. Function with exposure to
a. Livestock
Moisture
Temperature fluctuations
Dust
Manure
Poor air quality (including corrosive gases)
Variable power quality
Aggressive cleaning agentsr(Example in a milking parlour)

Se@ 00T

Additionally,equipment designed to be fitted onto livestock must also be robust enough to withstand
violent blows, yet yield (break off) should animal welfare become an igsuet rardware designed

for use inside the animal (for example a bolus) must comply with stningegulations pertaining to
food safety.Fnally, any equipment mounted olivestock will require a power source and wireless
communication with sufficient power to communicate with the supporting ecosystem.

Irrespective of the quality of hardware desigevery component positioned in the livestock realm is
susceptible to contamination or mechanical forceTechnical processes such as wireless
communication arelsovulnerable to interferencer mayevenbe affected by animdbcation. Left
unchecked, tle cumulative effects of thee environmental challenges will eventually overwhelm
hardware leading to component failure; a scenario that many systems have evolved to detect.
However, in these situations, there is a prolonged transition from correct conmgofumction to
failure, ergo data integrity may be compromised befthhe componentis deemed to have failed.
Because PLKPrecision Livestock Farmingystems fundamentally rely on continuous accurate
measurementsthe gradual erosion of data integrity ascritical problem.

Signalprocessing techniques, including machine rtéag, may provide a mechanism talert
operators ofissues; however, this a virtual manifestation borof the physical worldand it is here
(in the animal domain) that solutions must eventually be implemented.

To prevent issues, farmers using PLF systems should implement maintgulansén the animal
domain. These should include monitoringensor positions on livestock anadjustment; and
monitoring and maintenance of associated hardware deployed in the livestock environment.
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5b.iii. Human domain considerations
The human domain is where all logistical endeavours and operational activities consrdythe
greatest threat¢o PLF systems originate here.

Having now measured the bi@sponse with sensors, the data is collected (via readersaéranimal

domain) for further processinby technology situated y (G KS KdzYl'y R2YIAY | YRk 21

The human domain exposhardwareto less environmental and physical challenfhsn the animal
domain)although some risks are shareduch as electric quality.

Functionallythe human domairnis wheresoftware or web applications are used populatethe PLF
systemwith essental data required for operatiorandactionableinformation is presented to thaser.
This isalsohow PLF technologiegsmplementmanagerial objectives, themselves a consideration of:

Legislative obligations
Farm $rategy

Consumer demands
Environmentakensitivities

=A =4 =4 =

Legislative requirementslating to what information is held per animal on farm varies from country

to country @nd state to state).Furthermore, official (governmentaBgencies may demand that
certain information be shared with thenRecoriling these two requirements to satisfy legislation in

all their operational territories is a demand on resources most developers of PLF technology are
unwillingto commit.

Livestock farmersubjectto legislationwill achieve compliance via eitherlegislative portal (eg
government website) paper documentation offarm management softwareFarm management
software is not a precision farming technologlye former features a hardwarelement, the latter
does not; nonethelesslemands upon théarmerQtime exposes farm management systems to similar
risks of inaccurate, poorly timed data entry.

For examplePLF systemsequire accurate data relevant to the systafrihey are to work well For
examplea dairy system may require animal identification number, breed, birth date, sex, service date,
calving dateand a sensor identification number.

A comment:

Sensors affixed to livestock have been designed to work at specific body locatig
achieve this, a snug fitment is preferable with some d=ration given to animal
growth (e.g. not too tight). But an animal may also lose condition as a function g
health status, feeding policy etc. Hence a properly positioned sensor may becor
slack and fail to operate optimally despite the hardware funckiemg okay.

Forfarms without herd management software, this information (if recorded) will likely be distributed
across several different eveniaries which will require collation before being entered onto the PLF
system For fams using a management programe, all legislative information will be available but
other information which is subject to voluntary submission (feample service date) may not Her
reasons previously discussed.
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established PLF system manufacturddsers will select one dominant system for data entry which

will synchronise (either manually or automatically) with théordinateapplicationg usually the PLF

system.

Case Study: Kurtland Farms

KurtlandFarms is a thirdyeneration dairy farm in Berks County, Pennsylvania ar
is owned by Tim and Deborah Kurtz. In March 2012, they moved into their new
cow freestall barn with 4 AMS machines, automated manure handling and
treatment and ventilation.

Tim described himself as a competent and experienced PC user, having first st
G2 dzaS O2YLJzi SNE TF2NJ o0dza A ySh{as LBINS IR
system. Since then, they have always used electronic records on farm, and Tir]
installed his own CI3/ system as well as learning to fix internet issues.

To run his operation, Tim uses 4 different primary software systems: 2 on his H
and another 2 on his phone. All data entry is either performed oDRIE software
on the office computeroronthe PBaNIi Y206 A€t S LIK2y S | LI
PCDart system then synchronises with the AMS software.

&

Internet

PC-Dart
Herd Management
Software

AMS Software

Figure4: Coping with multiple technologies at Kurtland Farms, Pennsylvania

Tim observed that support from FQart was better than tht offered by the AMS
providers; and support was an important consideration for them. Like other

farmers invested in farm technology, the Kurtzes had learnt to undertake much
the essential maintenance themselves and manage some breakdowns.

To clarify the above argument, a brief summary of the detailed points made in Scenario 1 (sub chapter
5a) and Scenario 2 (Sub chapters 5b andispis given overleaf.
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S5e. Summaryofl KS (1 62 SOEILBS2NEIMKSlY (ad¢ 2dzif AYSR Ay p

1. The first (thought experiment) is to assume perfect technology, so all
failures are down to human behaviours on farm. This forces us to cong
that:

a. Poorly developed SOPs are an issue.
b. Tech is not alwaysnderstood or embraced by all stakeholders:
therefore its operation will be compromised.

2. The second (thought experiment) is to assume perfeefasm operaton,
so all failures are down to
a. Vulnerability to failures in other technologies (internet etc).
b. Hardware deployment/vulnerability in animal environment.
c. Poor design: i.e. a lack of insight from the designer on how the
technology will be used or the challenges (both practical and
legislative) that face the operator.

The success of (a newgdhnology deployed on a livestock farm is not assured by mere hardware
reliability alone. Those wishing to imepent novel systems must engage with all stakeholders,
includingfarm staff who may feel undermined or threatened by thtroduction of new tetinology.
Manufacturers must develop their platforms to accommodate evolving legislative and consumer
demands and develop strategies to overcome challenges impobgdgeogaphy and the rural
workforce:

Internet reliability

Limitations and availability afeployment/support workforce
Limitations of operational workforce

i Environmental sensitivities

= =4 =4

Such challenges are not unique to agriculture: indetbeir resolution may come from greater
collaboration between rural businesses.
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6. Managing fordifferent purposes

Prior to the advent of PLF systems, farmers identified two separate needs: to manage farm livestock
for legislative purposes on the one hand, and a need to manage livestock for practical purposes on
the other.

Distinguishing between theeneeds helps us understand the current situatias one demand could
be satisfied with paper (and software) but the other required hardware developmiemb distinct
types of solution providers emergedoftware houses and equipmemhanufacturers. Software
houses traditionally operated on a national level, developing solutions that helped with farm
managemenand compliance. Processes suclilagelopment, testingsales, deployment and support
GSNB ff LISNF2NYSR GAYy K2dzaSodé

Equipment manufacturers operated internationallydeveloping hardware to improve livestock
orientated tasks.Development and testing werearried outd AKy2 dza S € rocéssed suthd as
hardware installation, maintenance and fault resolution would b&ered locally ly dealers or

franchisees The dealer networkdeveloped complmentary skillsetsto support hardware As

equipmentsophisticationincreased the development of an associated software componestame

necessary requiring new installation and support compeigies, alien to most of the incumbent
agents.

The industry has evolved with manufacturers able to provideicstmed training to technicians;

however, these personnel are seldom specialistdoth hardware and softwareconsequentlytheir

ability to provide effective crossplatform support is limitedd ¢ KA & O2y iGN} aGa 6AGK 3
support staff whose sole focus is softwagehere customersupport is perceived to be better.
Ambitiousequipmentdealerships will have developed a strategy to provide adequate support for both
hardware and software with the busines$oyal toone or two brandsTheexodus of youngsterfsom

the countryside who mostly have inherently greater facility with diditlevelopments is not only a

challenge tofarm business, buto all business with rural interestsThis has implications for how

technology is both installed arsuippored on farm.

Deploying and supporting hardware in a livestock environment preseaotique set of challenges:
working conditions can be tough, dirty and dangeroti®ols and quipment used during the
installation will usually require thorough cleaning and few people are prepared to undertake the work.
Incumbenthardwaremanufacturerscanutilise their existingloyal network of dealers or franchisees

to deploynew innovations For nontraditional manufacturers access to aompetent network of
installersis a significant challenge that hinders the introduction of their innovation ontesiock
farms.This has forced them to consider novestallation mechanisms, collaboratimgth other firms

with on-farm interests such as veterinary practicgenetic, andeed firms.Suchcollaborations are
leading to a paradigm shift inot only inhow technologyis installed on &arm but also on how it is
used and supported

Veterinarians, semen companies and fe@wng are capitalising pon the potential of technology.
Hasegai Dairy Faris situated in the igot NEF SO0 dzZNB 2 ¥ Huhshd: Th&farm ¥ iduk y A & f
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by Mr Imanaka Katsunori, whom has farmed since Heisei 11 (2000). In 2&{&€11) the business
embarked on an ambitious expansiproject by

1 Constructingan Americarstyle freestall barn for the diry herd

T Lyadil t flaggsHotarydédrringbane milking parlour, complete with Auitd
(commissioned 2012)

1 Constructionof compost processing and storage facility

Farm labour is undertaken by a team of 4 Japanese, 4 Philippine workers and Mr Katsunori himself.
The herd consists of 500 animals with 4280 milking at any moment in time. Calves are reared in
the (onfarm) calf facility for 6 months before being moviedHokkaidofor further rearing. Thewill
remainin Hokkaidountil 2 months before calvingvr Katsunori travels extensively to both the USA

and Europeto researchequipment and the latest farming trends. He is very keen to adopt new
technologies and sysins; unfortunately, this philosophyas not always served him well wileveral
redundant systems about the farm.

Figure6: Mr Imanaka Katsunori with me beside one of his rice paddies,
' S3FA S5FANE CFENXXZ 1&l3d2 tNBFSOGdzNBT WI LIy

In addition to the milking system, a separate cobbased oestrus detection (activity monitoring)
system was used for effective reproductive performance. Mr Katsunori explained how the data entry
routine used to be a threestep process:

1. Animal informaton would be entered onto the milking system
2. Animal information would be entered onto the activity monitoring system
3. The official government system would be updated

To simplify this process, a farm management prograewas installed for data entry. Thisogranme

would then synchronise with both milking and activity monitoring systems. However, the
management programe was deemed unnecessarily complex and expensive with software support

being provided by one person for the entirety of Japan; it was sylesetly decommissioned. The
a2FGoI NB GKIFG 002YLI YyASR GKS YAflAy3d aeadasSy gt 3
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decision made to disable most of the offered featuresnly basic identification and milk yield
recordingfeaturesremained inoperation. The technological bloodletting did not end theras the
activity monitoring system aged and collars failed, they were not replaced with new and this system
too was finally removed.

At Hasegai, the technologiger seR A Ry Choweviel theii flerceived benefit to the business was
considered less than the cost of operation. A confluence of cultural and support considerations
compromised system usability to a point where the product was deemed wortilegsarrangement

of the supply chain seered any possible farmenanufacturer communicationthe deployed
technology was predestined to fail and trust in the manufacturers irreparably eroded.

VeterinarianDr Hiromichi Ashizawes a trusted partner with significant influence at Hasegai dairy
farm. At the farm, Dr Ashizawa provides an advisory service to Mr Katstoraerning:

1. Calf rearing
2. TMR formulation
3. Herd fertility and performance

Dr Hiromichi Ashizawa is aterinarian and esteemed nutritionist and his services are sought all over
Japan. He explained that Mr Katsunfthe farmer)would email his office every week to submit a
reproduction report and a file containing milk production data from the milking nmecisoftware.
This information would then be loaded into an American software package, licensed to Dr Ashizawa
for analysis and reportingis other clients similarly submit farm records to his office via email or
facsimile machineSufficient data was sumitted (daily)by facsimile to keep two people in permanent
employment as data transcribers. The free stall barn built during the expansion project did not
perform as well as hoped, with inadequate ventilation being identified as the underlying issuealSeve
different ventilation systens for the barn were considerediiowever, the design proposed by Dr
Ashizawa was chosen and implementddspite beingmore expensivehan the alternatives. With
access to herd performance data, Dr Ashizawa has a
proxy for the effectiveness of the new barn
ventilation ¢ and will advise the farmer, Mr
Katsunori accordingly.

Because Dr Ashizawa is moving toward a
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the boundary of his influence to cover the barn
environment. Durindarm visits, he can discuss any
concerns with Mr Katsunori, advise on corrective
action and propose how to evaluate the efficacy of

the correction. Support from the equipment
supplier may still be necessanfhowever, Dr
Ashizawa is effectively interveningefore minor

issues become failures.

For Dr Ashizawa to fulfil his objective of preventa

Figure 7: Dr Ashizawa at Hasegai Dairy Farm,  tive medicine effectively, both the equipment
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