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ABSTRACT
A LOW COST AUTOMATED LIVESTOCK TRACKING SYSTEM (Augst 2010)
Jason Grubb, B.S., Appalachian State University
M.S., Appalachian State University
Chairperson: Dr. James B. Fenwick Jr.

Successful farming has always required intense ualadabor and acute
management skills. The technological advancemehtsvo agricultural revolutions
reduced the quantity of manual labor required bwinén direction is still necessary
(Rasmussen, 1962). In the last recent yearsethe bf automation in farming processes
has increased significantly. A main component ledse new strategies is livestock
monitoring information. Animal tracking providesluable information including recent
location, movement and feeding patterns, and laag)@. The collection and storage of
this information as well as actions based upon ittiermation are becoming more
automated. Technologies such as global positiosygjem (GPS), radio frequency
identification (RFID), wireless networking, and nilebcomputing systems are being
utilized to target specific needs of farmers (Bark@onti, & Simonini, 2010).

This research will develop and evaluate a pro®tgipta acquisition system for
tracking livestock. Open source, freely distrilsitechnologies will be utilized whenever
possible in an effort to reduce cost. This studyevaluate the performance and cost of

this livestock management system.
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CHAPTER 1: INTRODUCTION

1.1 Livestock Tracking

The identification of livestock in the United Statbegan in the late 1800s and
was used as a way to show ownership and deter(th8DA, 2010a). It was difficult for
a thief to sell livestock that had been brandat;esit could be traced back to its rightful
owner. This identification has traditionally besrhieved via hot iron branding, ear
notches, paint marks, and even tattoos. The samesmare typically made to an entire
herd, which makes tracking a single animal impdssifiracking different herds of
animals meant a manual identification of the syrapwhich led to complications when
markings from one herd were indistinguishable fieoimother. The transfer of the
ownership of animals presented complications stattée had to be rebranded in order to
be identified with the new herd. Some more modechniques, such as numbered ear
tags provide a quicker, easier, and more humankadetf identification. However, they
frequently have many of the same drawbacks asltlee methods.

The demand for livestock tracking mechanisms hasased substantially in
recent years. This demand is being fueled by abeumf factors including disease
concerns (control, eradication, surveillance, naimg), regionalization, global trade,
livestock production efficiency, consumer concewwer food safety, and emergency
management programs (USDA, 2010a). The incregsibfic awareness of the

advantages of livestock tracking has also pressywedrnments to get involved. In the



U.S., incidents such as domestic reports of maddiesease have prompted the U.S.
Department of Agriculture (USDA) to create a natwohe animal tracking system in
2004 (Johnston, 2003).

This tracking system, dubbed NAIS, was initialbtablished as a voluntary
system to help protect against the spread of ardmahses. The NAIS proposed that
every farm register with the USDA and provide lomatand contact information. The
next step in NAIS implementation is the trackingaaofmals and storage of these records
in local and state databases (USDA, 2007). Thrabigmational database structure,
animals can be tracked throughout their lifecydlethe event that a particular animal
was found to carry a disease such as mad cowyitljia of the animal and every transfer
along the way could be found. Any potentially @ninated animal could then be
identified.

Irrespective of the advantages that the NAIS baaffer, it had strong opposition
from a substantial population of livestock farmeksirger farming facilities have been
more receptive of the proposed regulations sinagyméthem have portions of the
requirements already in place. They are alsotakdédsorb the higher prices more easily
since implementation costs can be amortized olenger herd (Jeffries, 2006). Many
small farms oppose the NAIS as they foresee it ngpfriom a voluntary to a required
system. The added costs incurred by the smalldamould have to be passed on to the
local meat markets and consumers, causing many f&mak to go out of business
(Jeffries, 2006). Many farmers were also conceatsulit confidentiality and privacy
with this national database. Due to these conc#nedJSDA announced on February 5,

2010 that it would cancel the NAIS and revise gy on animal identification and



offer new methods for tracking livestock (APHIS120. While the revised policy is not
complete at the time of this research, the go&t@develop a broad set of criteria and
leave it up to the states to determine methodsipfamentation. In addition, the USDA
is only targeting animals destined for interstaitmmmerce, and is encouraging the use of
lower cost technology with the new policies andceaures (USDA, 2010a). This

“open” policy allows a wide variety of possible ilfementations.

1.2 Automated Systems

As herd sizes grow and identify requirements iaseg it becomes more difficult
for farmers to remember and to record the largeusrnof data accumulated for each
animal they oversee (Rossing, 1999). Through feeafl automated systems, the
collection and storage of tracking data can be deta@ with little or no human
intervention. The automated identification and kiag of individual livestock enables
herds to be managed more effectively and efficyegilving even small farmers
additional incentives for implementing a trackirygtem beyond becoming NAIS
compliant.

The most significant identification advances hewme via electronic tracking
methods such as radio frequency identification (JFIRFID systems use a tag with a
unique serial number and an antenna. A readecéewicesses the tag information via
the antenna. RFID ear tags are just like stankilagsgtock ear tags except they contain
the proper circuitry to be read by an RFID antenBar tags are the most common type
for use with larger livestock. GPS systems hase bken used as an electronic tracking
method. This system places GPS receivers on ewenyal so that their exact location

can be found. The GPS collars required for thidesy can cost up to $4500 each,



making this solution much less common (Farren, 20@&rcodes placed on existing ear
tags enable electronic identification without havio re-tag an animal. Reading these
tags with a handheld reader requires close proxiamt a direct line of sight to the
barcode. Like GPS, this method has not gaineddoaoeeptance of RFID tracking.

Farm management systems using the new technolaipes livestock
inventories to be electronically monitored at eilds. After the initial setup of joining a
particular animal with a unique ID, the time, dated location are recorded every time
the animal is within range of an RFID reader. Bhesaders can be placed at key
locations throughout the farm, such as feedingostat barns, choke points, gates, and
other custom locations as necessary for a partiaen’s need. In the case of GPS
solutions, even more accurate location informatiay be possible. Knowing the most
common locations for animals, as well as theirdtgatterns, allows the use of fields and
shelter to be optimized. The frequency of locatbanges for an animal, as well as their

rate of recurrence at feeding stations, can aldicate health issues (RFID, 2010).

1.3 Thesis Research Scope

The lack of technology standardization by the fatlgovernment and the push
for cost conscious animal identification solutimpens the door for solutions like this
research provides. This thesis proposes that &t®ty automated livestock tracking
system built on open-source software is possiBleducing automation costs makes such
a system a viable alternative for smaller budgeh$a minimizing one of the major
issues that farmers had with the NAIS. The propgasstem, LCTracker, will integrate
the automated tracking virtues of an RFID basedteric identification system with a

web based management system. Utilizing freelylabia software technologies and



providing the system software open-source allowsfoost effective, yet expandable
solution. The future work section of this reseandt explore the expansion of this

system beyond the scope of its initial implementati



CHAPTER 2: RELATED WORK

2.1 Commercial Systems

There are many commercial livestock managemenmg¢sgsavailable today. The
features of these systems vary from manual-ensiegays to those designed for complete
business management. These packages were exphatedauated for their features,

cost of implementation, and ability to integratehaelectronic identification solutions.

2.1.1 Herd-Pro

Herd-Pro offers livestock management softwareedaBtocKeeper (Herd-Pro,
2008). This product provides a Microsoft Windowaimuser interface and can be
expanded to include a Palm OS mobile solution. mha& interface has the ability to set
warning alerts, define custom fields and reponts, lsas multi-language support.
StocKeeper works with Destron RFID tags and reablgiBigital Angel. This type of
RFID equipment operates in the low frequency band, therefore provides a maximum
read distance of around one meter. This doesaos# @ problem for wand type readers,
but to use automated panel readers the livestoat bauplaced in a chute or other type
of confinement. A Microsoft Access database igliee persistent storage, and is
accessible either directly or from within the apption. The database is stored locally
which restricts access to the data and requireskup solution be provided by the

farmer.



The Herd-Pro software does not have any setupaieg€an be purchased
outright or leased from the company. Two versiargsoffered, standard and
professional. The standard product has a maximesd kount of 300 and provides only
limited customization. The professional versios ha unlimited head count and offers
custom fields and inventory analysis not availablthe standard edition. The leasing
program is a lease-to-own option, finalizing aftes fifth year. If the contract is broken
before the fifth year, licenses are voided. Aswgihan Table 2.1, support is also offered
on a yearly basis. An active support contractreftae end user technical support and
product patches and upgrades (Herd-Pro, 2008).

Table 2.1

SocKeeper purchase and lease price data

Purchase Lease Support
Standard $495 $225/yr. $125/yr.
Professional $995 $430/yr. $250/yr.

Herd-Pro has an informative website that dethisfeatures of the system and the
pricing options available. It gives a simple exyataon of RFID identification, but does
not elaborate on its use within StocKeeper. Eimajiliries were responsive, answering

all questions within 24 hours. Phone support alable, but the number is not toll free.

2.1.2 Cow Sense
Midwest MicroSystems offers management tools taxjéo the beef cattle
producer (Midwest, 2008). This software offersadaitry and reporting tools similar to

the other commercial systems that were evaluamlv Sense also offers analysis on



performance, breeding, and economic contributiavendto the individual animal. It can
also be customized by creating user defined fialdkreports. This product is marketed
as a base product for management, with add-on resdof specific tasks. These
modules offer functionality for marketing, animedrisfer, electronic data transfer, as
well as an interface that works with the PocketPEdDMicrosoft Windows mobile
computing systems. Cow Sense offers the Nomadhedshdomputer for $1354. The
RFID vendors supported by Cow Sense are Allflex @adtron. This is the same type of
RFID equipment supported by the Herd-Pro prodacetains the same features and
limitations such as one meter maximum read dis&aod wider use of wand readers vs.
automated panel readers. This Microsoft Windoveetasoftware uses Microsoft Access
for its database, which is only accessible thrainghCow Sense software.

The pricing for Cow Sense is the most complicateithe evaluated systems. The
base product is available in five versions, witmgnadd-ons available. The pricing
scheme runs from a limit of 75 animals to unlimiggdmals with unlimited users. Table
2.2 shows pricing for the main product, which hdsaure set similar to the other
evaluated systems. Telephone support is include80feninutes over 30 days with
purchase. An online version is also presentedghvirioves the interface and database
off-site. This requires internet access on thepater being used. This version offers
very basic functionality that is far below whabi$ered in the standard product

(Midwest, 2008).



Table 2.2
Cow Sense purchase price data

|CS75 Unlimited Commercial Purebred Multiuser Online Support

Price |$149 $265 $445 $535 $1995 $4.95/mo.  $1/min.

Midwest MicroSystems has a website defining athaf Cow Sense modules and
pricing information. The support telephone numberot toll free, and is only available
from 8-5 CST. There is voicemail with the optiam & callback. Email response,

however, was quick and answered technical detaoitighly.

2.1.3 TrackLivestock.net

The simplest commercial management software etedusas the
TrackLivestock.net system (Grow, 2006). This omlamly solution has fixed fields for
predefined types of animals, including cattle, gohbgs, and sheep. There are no
custom fields or reports that can be created. KLigestock.net also doesn’t have the
ability to connect to an electronic ID technologyowever, an Internet connection is all
that is required and all data is hosted remotetyt@acked up nightly with no interaction
from the end user. Data can be exported fromybm in Microsoft Excel format for
local use. While this program does not have trstarnization and automation features
of the competing products, it has one main asseggdor it. This software is free to set
up and free to use, regardless of the number afasitracked. Support is only available

via email, with no telephone number provided (Gr@a06).



2.1.4 CattleMax CS

CattleMax CS livestock management software hasyrohthe same features as
the other products evaluated, with custom repartsaalvanced reporting and analysis
(Cattlesoft, 2010). What separates CattleMax @& fits peers is its intuitive graphical
user interface. This slick icon-driven interfasg¢he most modern interface reviewed and
is similar in functionality to the familiar Micro$oOffice suite of programs. The RFID
options for CattleMax are Allflex and Destron, likeny of the other systems evaluated.
Allflex and Destron use the low frequency readers ags that restrict read range to
about one meter. CattleMax CS requires Microsafiddws XP, Vista or System 7 and
at least 1024 x 768 resolution. Software acqoisiis a one time purchase and is based
on the number of animals tracked and commercietgistered use. This is detailed in
Table 2.3. Registered use adds genetic performaacdng and reporting. Support is
free and is available via toll free number or oal{attlesoft, 2010).
Table 2.3

CattleMax CS purchase price data

< 50 Animals Unlimited Animals  Online Backup
Commercial $125 $245 $60/yr.
Registered $295 $495 $60/yr.

CattleMax offers a well designed and professidmaiting website offering all
information given above. When attempting to dadl toll free number, however, it
always went to voicemail requesting a callback nemi@his occurred even during listed

operating hours. There was also no email respas®é this writing. As the most

10



complete product evaluated, it was surprising tiate was no response to email

inquiries.

2.1.5 RFID Hardware

The common RFID equipment manufacturers amongvthtiated software
vendors were Destron and Allflex. These vendolsrdFID readers and tags in the low
frequency radio band that is common for the elextralentification (EID) of cattle.
Both companies produce similar products at sinptansing. Cost data for these systems
was accumulated from vendors such as QC SupplySQ®ply, 2009), EarTagCentral
(DHIA, 2008), and CattleStore (CattleStore.com,&00Table 2.4 shows average pricing
for Destron and Allflex RFID equipment. Regulagdare standard size, extended range
tags. These tags can be read at distances uprtéeft. The combo tags house an RFID
tag as well as display a visual lot number. Thpetof tag is useful for quick human
identification. Wand type readers require a hunoamove the wand over the tag on an
animal. The readings can be stored in the read®raconnected computer via an RS-
232 interface. The Panel readers consist of a cwdbeader and antenna combo, such

as the Allflex, or separate items, like the Destron

Table 2.4
RFID Pricing

Regular Tag Combo Tag Wand Reader Panel Reader
Allflex $2.45 $3.35 $400 $2,700
Destron $2.00 $3.20 $600 $3,800

11



2.2 Academic Research on Systems

Academic research on RFID based animal identiioagystems has expanded in
recent years. Studies have been done on managsysésins and implementations such
as this one, as well as on the economic viabilityuzh processes. The findings from
these works demonstrate the gains, both econordis@gial, for such systems. They
also present the economic hurdles that slow tmsitian to RFID identification systems
as a replacement for current methods. The findiray the research outlined in this

section substantiate the need for a low cost RFihval management solution.

2.2.1 FARMA

FARMA is a research project and implementatioaroRFID based animal
identification and farm management system. It evgd the use of low frequency RFID
tags for animal identification, databases, and ngtimg technologies to develop an
integrated framework for animal identification amanitoring (Voulodimos, Patrikakis,
Sideridis, Ntafis, & Xylouri, 2010). This researnshone of the first that not only
explores the use of RFID for identification ancckimg of animals, but is a complete
system built around this information. The FARMAbrm consists of a central
database that contains information about all famtke system, including their owners,
location, and RFID numbers used. Each farm theriteawn local database that only
stores information about the animals on that faiithe RFID implementation
incorporates an animal’s tag, a portable RFID reaated a mobile electronic device that
can interface with the reader and store the gathefermation.

FARMA includes, in its user interface, menus fottbthe farmer and

veterinarian. Appropriate options are presenteshtth type of user. For instance,

12



veterinarians can manage examinations, vaccinatthssases, and animal death, while
farmers can control new births, tagging, weighimgy sale categories (Voulodimos et al.,
2010). This menu system updates the local datatdseh has an interface with the
central database. Periodic updates can then be todeep the two storage systems in
sync.

The FARMA proposal and implementation includesawvork system to integrate
the disparate components of its structure. Botledvand wireless options are available.
Portable devices can connect to the local datalvaskessly through either 802.11
wireless networking or through mobile broadbandnemtions (Voulodimos et al., 2010).
When neither of these wireless options are avail|ahk collected data are stored within
the portable device and then transferred to thal ldatabase when a wired connection
can be made.

The FARMA implementation was field tested on a bistaeep and goat farm
(Voulodimos et al., 2010). Data were collectedresti, and managed by both the farms
owner and veterinarian. The system presented nmmusegoroblems and was generally
well received by animal and operator alike. Muéifagging options were explored, with
ear tagging determined to be the most viable optime wireless networking
technologies that were employed provided good tesoiit were determined to be
potentially cost prohibitive or too complex for aage farmer implementation. Direct
connection of the mobile device used to temporatidye the gathered data was
determined to be the best default solution forlfamans. The limitations of the
international standards for RFID of animals wesmakalized during the field trial. The

number of devices compliant to these regulatiorssnall and they are limited when
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compared to emerging trends in the market. Fuiegnh@ncement possibilities that were
explored include the use of Global Positioning 8ys{GPS) modules in the system to
provide precise location information.

The FARMA system incorporates many of the samwifea and ideas as the
LCTracker system. The fundamental designs of lgaremote locations networked to a
central database system are equivalent, but thasrera different. Where FARMA uses
the 802.11 wireless protocol, LCTracker uses 80fatlto standard for communication.
LCTracker also increases automation opportunityestitizing ultra-high frequency
RFID panels that can read animal tags at a distanhes mitigates the labor required in
identifying the animals. The LCTracker system @ucosts by not only providing the
software free of charge, but by the use of opemcgoplatforms for development. Where
FARMA uses costly Microsoft development, hostingg atorage subsystems, LCTracker

uses freely available products from Apache, MyS&id PHP.

2.2.2 RFID Animal Identification Economics

Gary Halverson studies actual cost vs. gain fodpcers utilizing RFID animal
identification methods in his dissertation complled Utah State University (Halverson,
2008). Halverson first set out to determine th&smcurred by producers utilizing
RFID identification techniques within their herd magement styles. To do this, he
obtained costs from three sources: a survey afymers using RFID, databases and
animal ID software providers, and third-party faatiors (Halverson, 2008). The surveys
requested the type of RFID equipment in use, dizperation, other forms of animal ID,

and additional time activities required with the us RFID.
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Halverson determined that a one size fits all-pestanimal calculation is
impossible since animal identification is an ongpattivity along with all other farm
activities (2008). Management techniques causethtiyest variance in cost-per-animal
calculations, with production size and producepismgment causing smaller, but
potentially significant, variances. If producersre already restraining animals for
management tagging, branding, or vaccinations, tiwere is no significant labor cost
added by RFID tagging the animal. If, however, ghevious management style of the
producer did not involve restraining the animaldoefthe time necessary to apply an
RFID tag, then the labor for this operation wasiito be the most significant factor in
RFID implementation costs (Halverson, 2008).

Additional implementation costs beyond tagginglainclude the physical tags,
database and software subscriptions, labor foriagtdata, and RFID readers. It was
found that the visual management tags that werexamnty in use averaged $1.00 each
and RFID cost an average of $2.00 each (Halve@®8). After RFID tags are
purchased, they have to be entered into a datamasassociated with a particular
animal. The labor for this, along with possibledes by the database provider, were
found to be $0.40 - $-.50 per animal. The datapas@ders surveyed had annual
subscription costs ranging from $0 to $1750, howévaese with no annual costs had per-
entry fees and some had both (Halverson). Alledtahe cost-per-animal calculations
based on the gathered data ranged from $2.91 t&6%{Halverson, 2008).

The cost for RFID readers was not included indéleulations performed by
Halverson (2008). Reader cost was seen as aisagmtibarrier by many providers, so

many chose not to implement them. This leavesdhding of the tags up to the unit
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where the animals are being transitioned, sucmathar producer, feed lot, or
slaughterhouse. The price of an RFID reader véasgd on type and technology.

Wand type readers are cheaper than fixed panetrgdalit require additional labor since
the wand has to be placed in close proximity totélgeon each animal. Over time, the
additional labor cost will outweigh the price diatial between wand and panel readers
(NAIS, 2009). Panel readers are placed at fixedtlons and read tags when they are
within range. These readers vary in reading rdraye a few inches to many feet. For
close proximity panel readers the animals mustldesgd in a head catch or run through a
chute in order to read the tags. Readers thatinauweased range do not require this and
therefore reduce the risk of injury and animalstrevhich can lead to weight loss
(Halverson, 2008).

To determine price premiums for RFID tagged cakfl@verson used a sale
dataset that included over 29,000 lots totally @26 million head of cattle. RFID
tagging was evaluated as a characteristic of thailmilar to vaccination status, natural
vs. hormone, etc. To ascertain if RFID was a aldéed characteristic, the marginal
physical product (MPP) multiplied by the unit priakthe output (F) is compared to the
cost of the input. A producer may pay for indivadiaharacteristics that increase MPP or
P, if the value of marginal product is greater thiam tost of input (Halverson, 2008) The
price premium deduced from the dataset for RFI@edgcattle was $1.50 per 100
pounds. At an average sale weight of 500 Ibs.ptbducer would see a net gain as long
as the total cost for RFID implementation was tess $7.50 per head. Halverson’s
research showed that, depending on current managestyke, many producers were able

to see net profit gains from implementing RFID aalimlentification.
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Halverson's dissertation also addressed the laskaodardization in RFID based
animal identification. In the US, the USDA is remmending the individual tracking of
livestock, but is remaining technology neutral (UGSR010b). This has resulted in many
different companies trying to make a profit by beaag a technology provider for
producers with no consistencies between them (tHsdwe 2008). With standardization,
the use of RFID in animal identification will inase, and economies of scale will act to
lower equipment costs. The increased use of RRICalgo begin to replace current
methods, thus lowering costs further (Halverso®80

Halverson'’s calculations show that farms can setige economic gains for
using RFID tracking systems, provided costs cakdpt down. Thus, a need for a low-
cost system is truly present. LCTracker usesyraeailable and open source software
with generic hardware systems to reduce implemientabsts. Software licensing costs
are eliminated completely, as LCTracker is offa@thrms at no charge. By providing
RFID tracking, as well as increasing automationTta&cker offers farms the opportunity

for financial gain.
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CHAPTER 3: TECHNOLOGY OVERVIEW

3.1 RFID Technology

The fundamental technology behind this researchd® frequency
identification, or RFID. RFID is a wireless techmgy that uses radio frequency induced
electromagnetic signals to transfer a serial nurfioen a tag to a reader (Domdouzis,
Kumar, & Anumba, 2007). The basic RFID systemudels an antenna, a transceiver,
and a transponder. This system is typically cotateto a computer or integrated device
that logs or takes action based on the reading.

The antenna portion of an RFID implementation @ia®f a coil that transmits
radio signals in order to establish communicatietwieen the transceiver and
transponder (Domdouzis et al., 2007). The transcaan then read and write data to the
transponder, also known as the tag. Antennas anddeivers are often packaged
together and are simply referred to as readerdDRRtennas operate at different
frequencies and must have appropriate tags ansceaers that operate in the same
frequency range. The most common commerciallylali frequency ranges are 125 —
135 kHz (low frequency), 13.56 MHz (high frequenand 433 — 956 MHz (ultra-high
frequency) (Domdouzis et al., 2007).

RFID tags consist of a radio antenna and a migpocRassive tags receive their
power through the electromagnetic radio frequengeeerated by the reader and

antenna. Since there is no other power sourcpdssive tags, they can only operate
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when in range of an RFID reader. Once poweredigaip@dds its serial number to the
signal that is sent to the reader. This processfé&sred to as passive backscatter (U.S.,
2005). The reader can then extract the serial earinbm the original signal. Active
tags have a built-in power source so that theyatdave to be powered from the reader.
Instead of being idle until within range of a regaetive tags send out a beacon type of
signal. This allows the tag to be read from gnedistances, as well as send additional
data from attached sensor devices (U.S. Departofdthdmeland Security Smart Border
Alliance [USDHS], 2005). While these are defimdvantages, the price of this type of
tag makes them cost-prohibitive for most appligatio

RFID tags for animal tracking are manufacturethnee main types. Boluses are
capsules that are ingested by an animal with mlel§ppmachs and remain in one of the
first two (Voulodimos et al., 2010). Injectablgssare small glass or plastic tubes
containing an RFID tag that are placed just underskin of an animal. RFID ear tags
are just like standard livestock ear tags except tontain an RFID chip and antenna.

RFID transceivers, or readers, generate the sagials sent by the attached
antenna. They also receive responses from tapswédnge. The receiver is able to
decode the serial number and additional data setitebtag and return it to a digital
format to be processed by the attached deviceeifRas also have the functionality to
handle the anti-collision algorithms that allowrthéo read more than one tag at a time.
The attached device, be it embedded or a host cempypically controls operation of
RFID readers.

Each of the frequency ranges commonly used in Riydems have different

attributes and uses. The low frequency (LF) baad used in early RFID

19



implementations and is still in use today for aritagging, access cards, and other close
proximity uses. The read range for these freq@sn@nges from two inches to two feet.
Readers and tags that operate at the high frequettgyrange are typically used for
smart cards and access control systems and opdgthte a range of three feet. Ultra-
high frequency (UHF) RFID equipment has the advgentaf longer read distances, with
U.S. approved frequencies achieving distances 4p feet. UHF tags are commonly
used for entry/exit systems such as parking gardg@bHS, 2005).

Our research explores the use of UHF readersagsdfor use in animal
identification. Traditionally, LF radio frequentyand RFID equipment has been used for
tracking and identifying livestock. The very shagéd range of LF tags inhibit the
options available for tracking and automation wheanaging animal lots. Substantial
labor is necessary when using wand readers toif@hwange of an LF tagged animal.

It also causes undue stress on the animal to glaca head catch or force them single
file through a chute. By exploring the use of URFID equipment, this research seeks
to take advantage of the increased read distanaesltice labor and increase automation

opportunities.

3.2 RFID Hardware

We have selected the DL910 reader from Daily R€®D Limited (2009). This
generation two UHF reader contains an integratéehaa in a sealed enclosure that
offers weather protection. The specificationstfos reader list maximum read range at
26 — 49 feet, which allows for fewer readers reegito cover a given area. This reader
can read multiple tags at a time and contains a232serial interface for

communication with another device. This unit wes® &hosen because it comes with a
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software development kit and sample code. Thanalfull control of the reader by an
external device.

There are two main types of RFID readers. TheIDL@ader is a panel type
reader. This type of reader is mounted at a flgedtion and reads any tags within
range. Panel readers can typically be connectetuttple antennas for additional
coverage. Wand readers are portable units widgrated antennas that are placed in
close proximity to the single tag to be read. Bhesmders require human control and can
connect to mobile computing devices or store tHeegafor later retrieval.

The RFID tags that were selected operate at tine £#HF frequency as the
DL910 reader. Three type of tags were used féemint attachment options. Wristband
tags can be attached and removed from necks os lahan animal for temporary
identification. Label tags can be affixed to exigttags, allowing quicker attachment.
Hard plastic tags are like standard ear tags amdade of sturdier construction.

Many other types of RFID tags exist. The retadter attempts to thwart
shoplifting by attaching RFID tags to their merctige. These tags are deactivated at
the time of purchase. RFID panels are placedat sixits and sound an alarm when a
tag passes through them that is still active. Halspare also making use of RFID
technology by attaching ankle bands to newborndsafospital, 2005). The unique
serial number of the tag is linked to the mothen'stband to prevent a mix up and

readers at hospital exits detect the unauthorigetwval of the infant.

3.3 Sun SPOTs
A Sun Microsystems research project developedthall Programmable Object

Technology (SPOT) device as a platform for divevgeless device development (Sun,
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2010). Sun sells these in development kits wife@-range SPOTs and a base station
SPOT. The free-range SPOTs are mobile devicese Wie base station connects to a
computer and establishes a wireless connectionathir SPOTs. These small devices
contain ARM processors with on-board RAM and RObtatje. This gives them the
potential to not only collect and store data, lbypitocess that data as well. The wireless
functionality is provided by an 802.15.4 radio amiggrated antenna, which provides
approximately 328 feet of range. Because SPOTcdswontain a microprocessor, they
provide for transmission hopping. Thus, data feodistant SPOT device can be
transferred along a series of in-range SPOTSs tbdlse station. Each free-range SPOT
device includes a rechargeable 3.7V lithium-iondygt Recharging is accomplished by
connecting the mini USB port to a powered hostsoAdtacked within the same enclosure
is a sensor board that is shipped in each freeer&RPT. This sensor board
demonstrates sensor integration possibilities aoldides a 3-axis accelerometer,
temperature and light sensors, eight tri-color UgDts, six analog inputs, two
momentary switches, five general purpose I/O mansl, four high current output pins.
The high current output pins can drive external@grmotors, and control units. The I/O
pins can provide a serial interface between theTS&@l another device (Sun, 2010).

The entire Sun Labs research project is availapén source. The hardware
schematics and everything necessary to recreataitseare provided at no charge. The
virtual machine, as well as all demo and API sofenia also available under the GNU
General Public License. This gives the optionwfibg prebuilt units for rapid

prototyping and development, or using the opencbardware information to build
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production units specific to an application. Sigraint cost savings can be achieved by
using only the portions of the prebuilt units the¢ necessary for the particular use.

Sun SPOTs employ the Java programming languadesexely. The software
loaded to the device completely controls the dewtues providing the developer with a
high degree of flexibility. SPOTSs run the Squawitual machine (VM), a Java VM
written in Java that was developed to support mambedded development (Oracle,
2010b). Java programs written for the devicesampiled on a computer and then
deployed to the device via the Ant (Apache HTTRv8eProject, 2010) build tool. This
can be done at the command line or through the &&t8 Java development
environment. NetBeans Plugins are available tstissSPOT development, and
provide programming templates and automatic depémrfunctionality.

We will employ Sun SPOTSs to control and gatheadedm the RFID readers in
the field. The SPOTSs will then transmit these datssibly via transmission hops across
other SPOTS, to the base station unit attachedP@.aThis remote data collection allows
for an increased number of automated reading s&tathout an increase in computers
or handheld reading devices, since the reader SR@dles the data acquisition from the
reader as well. The frequency of RFID reader &tgation, as well as the frequency of
data transmission, is controlled by each individBROT and can be set independently to

allow for different use case scenarios.

3.4 MySQL
MySQL is a relational database management sysRiBIS) that is a popular
storage solution for web application developmdnprovides the power and

dependability of many commercial RDBMS solutionst is free to use under the GPL
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open source license agreement. MySQL is a key oaemt as part of the AMP
(Apache, MySQL, PHP) software development stackiamdailable for many operating
system environments such as Microsoft Windows, xjraund Mac. (Oracle, 2010a)

The low cost automated livestock tracking systeuthieed in this research will
utilize the MySQL software for data storage. Tobesation, timestamp, and any other
collected data about an individual animal is sawetthis database. MySQL will also be
used to store all user-configurable, interface, syslem settings. All of this data will be

delivered to the user interface that the farmer wgeé.

3.5 Apache

The Apache http server is an open source web issupported by the Apache
Software Foundation (Apache HTTP Server Projedd920 This freely available
software is responsible for serving almost 55%hefworlds web pages (Netcraft, 2010.).
Apache is available for multiple operating systeimsluding Microsoft Windows, Mac
OS, and Linux. Combining the Apache http servehihe Linux operating system
creates a web hosting solution free of softwareniéing fees. The low cost automated
livestock tracking system developed during is writin PHP and utilizes the Apache http

server to host the system’s user interface.

3.6 PHP

PHP is a web development scripting language thainbedded in HyperText
Markup Language (HTML) for creating dynamic web o (The PHP Group, 2010).
Utilizing the fundamental Internet language of HT K&l displaying static content,
developers can leverage PHP to create interactdlepages. Content can be pulled from

other web sources or from databases. This commetdia database and its persistent
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storage is what makes the PHP language usefutdating user interfaces. The display,
interaction, and customization of the low cost awdted livestock tracking system occurs

in a user interface built with PHP.
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CHAPTER 4: DESIGN

4.1 System Description

LCTracker is the prototype low cost automateddivek tracking system
developed for this research as an alternative tieotiherd management options on the
market. Programs such as NAIS and its forthcom@pdacement are pushing for farmers
to track their livestock. These programs are seean extra cost for the producer, with
little benefit for the average farmer. LCTrackedesigned to meet the needs of a
national livestock tracking program, while alsoyding useful animal management
information as a benefit to farmers. All movemdegding, and farmer-entered
information can be stored and linked to the unilfuéor the animal. These data provide
movement patterns, which farmers can use to ideotiér and under-used areas. The
data also show feeding patterns that farmers canousilor their animal weight gain
strategies.

The high level depiction of LCTracker in Figurd 4hows the main components
and how they interact. This diagram illustrates saple configuration for tracking
cattle at a remote location. Field number onei@ma remote location where cattle are
monitored. A good example of this is a feed stati&ach cow is tagged with an RFID
ear tag and is allowed to roam as they would ndym#& UHF RFID reader is placed at

one end of the feed station, facing toward the fagaply. This allows the reader to pick
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up all RFID tags within 49 feet of the reader.dbing so, cattle coming to the feed bin
are monitored.

The RFID reader is connected to SPOT number anarviRS-232 serial cable.
The SPOT acts as a control unit. Determining #te at which the reader detects tags
and stores all tag IDs that are read in the mermabtige SPOT device. This data is then
broadcast wirelessly to all SPOTSs that are in rarigehe scenario of Figure 4.1, SPOT 2
is within range of the first spot and receivesdhé being sent. SPOT 2 and SPOT 3 in
the adjacent field are not connected to readecsmputers and act as repeaters for the
data transmission to and from field one. Withinga of one another, SPOT 2 receives
data from SPOT 1 and repeats this data to SPOIN& continues until the data is
received by the base station, SPOT 4, which is ectendl to a computer inside the barn or
home.

The computer in the barn contains the system datahs well as the graphical
user interface (GUI). The tag ID data receivedSBOT 4 is stored in the database and
available for view in the GUI. The result of or&ad in the example shown in Figure 4.1
would be the ID storage of the three cattle atlfmie’s feed bin in the database on the

computer in the barn. This all happens automdgicaithout any human intervention.

27



o,

oy — e ———
';I""“'l ';I"'J'l
B ‘@ﬁ" . W ;AEFJL

Tagged f Tagged
Low Cow
Feed Station E@.————
S, inFieldl  C | S &
SPOT Tagged
Reader 1 Ciow

&
SPOT
2

Field 2

Figure4.1. LCTracker example scenario.

4.2 LCTracker Setup

Initial system setup at a new location requiresi@mum set of components to
have a working product. There must be a computad@cation that has power and is
shielded from the weather. This workstation mastehan AMP software stack installed
with running servers for Apache, MySQL, and PHRvalmust also be installed for the
operation of the connected SPOT, and a USB port bmuavailable to plug it into. All

of the required software is available at no cost.
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At least two SPOT devices must be also be pregene SPOT can act as the
base station and is connected to the workstafidre other SPOT is a self-powered free-
range SPOT that is connected to an RFID readeorder for the system to operate with
just two SPOTSs, they must be within wireless rafaggroximately 328 feet) of each
other. Care must also be taken for the SPOT coeddc the reader so that it is
protected from the weather. Minimally, one RFIRder is required, as is one RFID tag
per animal. This reader must operate in the Uldguency band and have an RS-232
connection for data transfer and control. A seraile is necessary to connect the SPOT
to the reader. Power for the reader must be pealvad this location, either from an A/C
outlet or via battery. As a part of this prototypg@Tracker system, we have fashioned an
inexpensive acrylic panel enclosure to provide Wweaprotection.

In order to set up an LCTracker system, the itegtah steps in Figure 4.2 must
be followed. These steps show the process foalimitstallation, as many of the
components and steps are only required once. y&ters can be expanded from the base
installation by repeating steps 6, 7, and 8 in fFa@gu2. Figure 4.3 gives the steps for

installing a new reader.
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Figure4.2. Initial installation and setup.

N =

Tag livestock with RFID tags.
Install RFID reader at desired location. Thisatishcludes mounting the reader
and connecting it to a power source.

3. Install LCTracker software on reader SPOT.

4. Mount SPOT near reader and connect to it with ialseable.
5.
6
7
8

Place protective cover over SPOT if necessary.

. Install LCTracker repeater software on free-rang©%s.

. Add repeater SPOTs every 100 yards or less, agotgctive cover if necessary.
. Install AMP stack, database, and interface to watlken computer.

9.

Connect base station SPOT to computer.

10.Install LCTracker base station SPOT software.
11.Locate computer in shelter with A/C power availasleh that it is within 100

yards of the closest SPOT.

12. Start web and database servers, reader, and SRWaIE0
13.Use GUI to set up run-time options and load anes]er locations, and animal

information.

14.0nce these steps are complete, the system funetidomatically. Whenever

livestock come within range of the reader, the tand date of that location is
stored. Running histories for areas and anima&saailable in real time via the
system’s interface.

Figure 4.3. New RFID reader installation and setup.

1.

S

Install RFID reader at desired location. Thisatishcludes mounting the reader
and connecting it to a power source.

Install software on reader SPOT.

Mount SPOT near reader and connect to it with ialseaible.

Place protective cover over SPOT if necessary.

Install repeater software on free-range SPOTSs.

Add repeater SPOTs approximately every 100 yardsmaplete a connection to
an existing SPOT.

4.3 Hardware Features

The hardware components that make up the LCTraylstem were all selected

with cost, automation, and features in mind. Quroemmercial systems utilize RFID

hardware with capabilities that are now far belbe tapabilities provided by recent

advancements in equipment. The RFID reader arsdutiigzed in LCTracker operate at

UHF frequencies. This expands the maximum readinge from around three feet to 26
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— 49 feet. The short read range of LF panel reagepsre animals to be restrained or run
through a chute in order to read tags. While pavaerbe attenuated in the UHF reader
to reduce reading range if necessary, the exteradepk allows for the use of unattended
panel readers in an open area. This increase®ommce and automation opportunities,
as well as reducing labor costs.

The evaluated commercial systems also use LF éremyuanimal tags. These tags
are similar to the tags used in LCTracker, withrtregn difference being their operating
frequency. To comply with NAIS, specific tags mbstused. These tags have dedicated
ranges of serial numbers and are only sold by sptewiders. LCTracker makes use of
generic RFID tags available at a wide selectioaudfets. NAIS compliance is provided
by the LCTracker system software, which maps taiglseumbers to NAIS issued
numbers. RFID tags can be ordered with specifialseumbers, so tags ordered must be
unique to an LCTracker implementation. With ins@é competition in the sale of
generic tags, cost savings can be seen by using thising generic tags also increases
the diversity of sizes and styles available, insmegthe chance that the farm manager
can get the style they prefer.

The Sun SPOTs utilized in LCTracker allow remotdRreaders to
communicate readings wirelessly to the base stabomputer. They operate
autonomously via a rechargeable lithium-ion battergt can be custom constructed for
specific needs. Reader SPOTSs require full fregeePOT capabilities, but repeater
nodes simply relay wireless data to in-range devideepeater SPOTSs can either serve
other automation tasks or be built with only thenponents necessary for wireless

communication to save cost. Sun SPOTs are mutiqsér devices, supporting the
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control of other systems beyond RFID readers. Téxtensions could have SPOTs
opening/closing gates, turning on/off water supplegc.

Each hardware component used in LCTracker waguakedifor modularity. For
instance, the RFID reader can be replaced withh@ndype of identification method
while the rest of the system remains intact. SP@di® chosen for interfacing and
networking, but could be replaced by ZigBee or Andunobile devices that are
functionally equivalent. Modular components allawLCTracker implementation to be

custom built for specific purposes while using slaene system design.

4.4 Graphical User Interface

The GUI for the LCTracker system provides the eser with the ability to
control read rates, as well as search for parti@anamal IDs in the system. It was
designed as a dynamic website so that it can adljoon the base station or be hosted
and accessed from any machine with Internet acCEss. interface provides the most
recent tracking data for livestock, as well asah#ity to search for particular livestock
and view their location history. Information sgexto each animal can be entered and
tied to the RFID tag used on it. Farm informatiBfID locations, and areas can all be
defined within the GUI.

The GUI also provides a setup section. This sedias elements such as RFID
locations that are required at initial installatias well as other settings useful to the
farmer. The farmer can set read timings for eastiqular reader so that they are
appropriate for the intended location. A readsida a barn may not need to take
readings as often as one at a gate, so those méjpist can be made in the interface and

disseminated to the readers. Notifications can la¢sset so that the farmer is alerted
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about specific situations. Examples of these atibns are when an animal hasn’t been
picked up by any of the readers in a set amoutitma or when an animal hasn’t been to
the feed bin in a certain time period.

Built as a dynamic website, the user interfacelmarun locally on the base
station PC or delivered by a website hosting compd&unning the interface from the
base station allows the system to function witteutnternet connection, and is free.
Backing up the database requires external datagagpand must either be done manually
or programmed into the GUI. Website hosts typjcaliarge a small fee and a
connection to the Internet is required, but theydglly provide support and automatic

backup options as incentives.
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CHAPTER 5: IMPLEMENTATION

5.1 LCTracker

The current implementation of LCTracker is a prob€oncept prototype,
showing the feasibility of a low cost automatea$tock tracking system. The design
described in the previous chapter was followed@sety as possible, while some
concessions were made with consideration to ceatladility, and functionality. This
prototype shows that the LCTracker design can bédésis for a viable cost effective

solution.
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Figure5.1. LCTracker Implementation Design.

Figure 5.1 shows a slight change made in the pi@eo Functionally, this system
still operates in the same way as the design afrEig.1. Tagged animals in field 1 are
detected by the reader and stored there until thi@rmation is broadcast via SPOT 1.
This data is then relayed to SPOT 2 and three aadteally to SPOT 4 that is connected
to PC 2 in the barn. The only hardware differeimcinis design is the addition of PC 1 at
the location of the RFID reader. This PC conttb&sreader, sets read timing, and

collects the read information. SPOT 1 still penfsrthe wireless transmission duties it
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did in Figure 4.1. This modification was necesgdug to insufficient documentation and

support for controlling the reader device.

5.2 RFID Hardware

5.2.1 RFID Reader

The RFID hardware chosen for this implementatiomes from DAILY RFID
CO.,LIMITED. This company was selected for themqluct offerings and pricing.
RFID reader model DL910 listed specifications thest suited the LCTracker
application. This reader contains an integratedrara and is weather sealed for exterior
use. It has the ability to read multiple tagsrateoand has a maximum read distance of 8
to 49 feet, depending on the tags used and suriogiedvironment (Daily RFID,
Limited, 2009). Choosing an integrated readeramténna not only allows for a sealed
and mountable unit, but it also reduces the cost cgmparable separate units that
provide similar performance. This reader has mpl@tconnections for interfacing,
including the RS-232 serial interconnect needed @fracker. An APl with sample
code is provided for interfacing with the unit.

The API included with the DL910 reader has an uedtsed feature of only
working in a Microsoft Windows environment. In diith, the low-level
communications code is not provided. This causiidwty since either command
codes or a Java based API are required for the SB©@dntrol the reader. The command
codes provided in the DL910 documentation unfortelyaare incomplete. To continue
with prototype development, an intermediate C#.NlgVice was inserted to interface
with the reader. This is shown as PC 1 in Figute ®n this device, an intermediate

software program was written in C# that is ablattlize the provided Windows API to
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communicate with the reader. This application esgisithe reader to read and then writes
to a MySQL database on the same PC as temporaagsttor the read ID information.
SPOT 1 s also connected to this intermediate RICcan read the ID data from this
temporary storage and disseminate to subsequentS&saordingly. As a proof of
concept, this modified arrangement is fuctiondtly same as the original design, but
necessitates the addition of a second PC to conuamenwith the reader. This issue can
be resolved in two ways. One, if the DL910 commathon protocol is revealed then the
reader SPOT software can be updated to contraktaer directly itself. Two, an
alternative RFID reader that offers a Java bast#tdiae development kit can be
employed.

Figure 5.2 shows a portion of the C# driver aggtlan for connecting to,
disconnecting from, and reading data from the DLBEID reader. The OpenReader
method establishes the initial connection to tlaelee based on the type and address of
the connection. In this case, the communicatikagglace over a serial connection
connected to COM port 1. Once connected, thenatestation and connection speed is
established. A connection rate of 19,200 baudseéected to provide sufficient speed

while remaining low enough to reduce interferenoe eable length restrictions.
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private void buttonConnect_Click(objectden EventArgs e)
ret = Demo.ReaderDIl.OpenReader(ref @orh, linktype, com_port);
if (ret == 0)
{
Demo.ReaderDIl.SelectStation(m_e)Sit
ret = Demo.ReaderDlIl.SetBaudRaté(@om, nBaud);

strState3 = "Connection to " + sin@n + " Established.";

}
else
{
strState3 = "Connection to " + sim@n + " Failed!";
}
this.labelStatus.Text = strState3;

}
private void buttonDisconnect_Click(objeender, EventArgs e)

if (m_bConnect == true)

{

Demo.ReaderDIl.ResetReader(m_hCom);
Demo.ReaderDIl.CloseReader(m_hCom);

this.labelStatus.Text = "Disconeelt
}

}

private void buttonRead_Click(object sendarentArgs e)

{
ret = Demo.ReaderDIl.MultipleTagldepfih_hCom, nTagType, ref nCount, id);
for (int rd = 0; rd < nCount; rd++)

for (int rdi = O; rdi < 14; rdi++)

{
textBoxData.Text += id[(rd * 14 rdi]. ToString("X2");

readlD +=id[(rd * L 4 rdi].ToString("X2");
}

textBoxData.Text += Environment.Neme;

}
Figure5.2. Windows RFID API Usage.

5.2.2 RFID Tags

The RFID tags that were utilized also came fromyCRRFID Co., Limited.

These tags operate at the same UHF frequency &1 8 reader. Three types of tags
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were tested: labels, wristbands, and rigid plaatys. The label tags, shown in Figure
5.3, are coated paper tags with adhesive on oee $idinimals are acquired with
existing ear tags, these tags can be applied beer.t This saves the time and labor in
removing the old tag and applying a new one, asaggbroviding cost savings over
buying new RFID tags and discarding the old oriHse wristband tags can be attached
to the leg or neck of an animal, depending on sid@s type of tag is good for temporary
attachment and can be moved from one animal tdhanotf animals are never tracked
after leaving the premises, this allows for theseeaf tags. Since wristband and label
style tags are sized similarly to the average ah@aatag, read performance is
comparable. Figure 5.4 shows one example of alvamsl style tag. The final type of
tag used was a rigid plastic tag similar in cordtan to a display type ear tag. This type
of tag is displayed in Figure 5.5. The UHF frequethat these tags use is an established

standard, with multiple tag types available at mdifferent RFID vendors.
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Figure5.3. RFID Tag Labels

Figure5.4. RFID Tag Wristband
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Figure 5.5. Rigid Plastic Tag.

5.3 SPOT Communication

SPOTs from Sun Microsystems were chosen due towvireless capabilities as
well as their ability to function as a microcompua@d control other systems. These
devices can be programmed in Java and can intenfitice multitude of external
systems. SPOTSs have a serial interface that @ander RS-232 connections to external
hardware. They also contain processor and mesuryystems to be able to handle
computations based on input data and take appte@adion based upon it. This allows
each sunspot to provide automation to a multitidaron functions. This expandability

was a main incentive for choosing this technology.
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Another reason for choosing Sun SPOT systemisitbdularity inherent in their
design. These hardware pieces can be built freatcdtfrom open source hardware
diagrams, and can be customized to the task at H&odly a portion of the available
capabilities are needed, then that is all that si¢edbe built. This provides the option of
buying complete kits from Sun Microsystems, or thnidy custom hardware specific to
the duty assigned to a specific SPOT. This cawmigessignificant cost savings when the
full functionality of a prebuilt SPOT is not needed

For the LCTracker system, there are three differeles played by the SPOT
devices: reader SPOT, repeater SPOT, and basens&RIOT. Referring to Figure 5.1,
SPOT 1 is a reader SPOT, SPOT 4 is a base stattb8ROT 2 and SPOT 3 act as
repeaters. Repeater SPOTSs only require the battatip, and proccssor components.
Repeaters will also typically require weatherpromfunting. The base station SPOT
does not even require a battery since it connec@sRC. The reader SPOT is the most
complicated. In the design of Chapter 4, theseT&P®@quire a battery, processor board,
weatherproof housing, an RS-232 communication caolé an eDemo board. In the
prototype LCTracker system, the battery is not megusince it is connected to the extra
computer.

Figure 5.6 is a code listing showing exampletefliava code necessary for
controlling an RFID reader such as the DL910 viyt® code instruction set. These
instructions are provided in communications protamzument available in the SDK.
However, the initial communication instruction issging from this document. This
would provide the functionality of the OpenReadammand in Figure 5.2. While

utilizing the C# reader application enabled thisgbrof concept implementation to be
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completed and evaluated, the SPOT controlled resgj@rcation was still tested. Since
communication with the reader wasn’t possible withthe missing instruction, SPOT 1
from Figure 5.1 was connected to the serial pod BC running a serial port monitoring
program called portmon. By logging the serial ottpf the SPOT, the correct
instructions were confirmed. Adding the missindiah connection instruction should
complete the SPOT to RFID reader interface, allgwire removal of the extra PC. The
next methods in Figure 5.6 initiate the serialrfatee on the eDemo board. The byte
code instructions are written to the serial pary eead method will block until a

predefined timeout occurs.

byte[] setBaudRate = {(byte)OxA5, (byte)Ox00yt)0x03, (byte)0x74, (byte)Ox01, (byte)OXE3};
byte[] resetReader = {(byte)OxA5, (byte)Ox0Byte)0x02, (byte)0x75, (byte)OxE4};

byte[] setPower = {(byte)0xA5, (byte)0Ox(byte)0x03, (byte)Ox7F, (byte)Ox00, (byte)OxD9};
byte[] multildentify = {(byte)OxA5, (byte)0x00 pfte)0x03, (byte)0Ox93, (byte)0x04, (byte)OxC1};

EDemoBoard demo = EDemoBoard.getinstance();

demo.initUART(EDemoBoard.SERIAL_SPEED 19200,
EDemoBoard.SERIAL_DATAES_8,
EDemoBoard.SERIAL_PARITYONE,
EDemoBoard.SERIAL_STOWPS8I 1);

demo.writeUART (setBaudRate);
demo.writeUART (multildentify);
returnData = demo.readUART();
demo.writeUART (resetReade

Figure5.6. Java RFID Reader Driver Code Listing.

5.4 MySQL Database

5.4.1 Database Design
The LCTracker system implementation utilizes tvatatbases. One database is
used for temporary storage of the tags read byRD Reader and the other is the main

storage for all tracking and setup information.e T@mporary storage database resides on
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PC 1in Figure 5.1 and is part of the additionguieements to complete this prototype
without a SPOT compatible reader. It is not neddednplementations with a SPOT
controlled reader. The database is called tmpSiadecontains only one table,
tmpLocation. As shown in Figure 5.7, this tablatains the minimal information
necessary to track animal tag identifications. yQuasic information such as the animal’s
RFID number, date stamp, and which reader in acoéat area picked up the tag is
necessary. This is because the basic key infoormatin join the main tables at the base

station PC to retrieve or store all data linketh animal (e.g., it's weight, etc.).

tmplocation
== tmplLocation_id : varchar (28)
=+ tmplocation_date : datetime
tmplLocation_area : varchar (&)
tmplocation_reader : varchar (8)

Temporary storage for tag IDs from
reader

Figure5.7. tmpStore Database.

The main system database shown in Figure 5.8 ic@ritae core components of
the LCTracker system. The initial setup of theaysrequires entering information
about the farm itself. Different areas of the faram be defined, and each area can
contain multiple readers. Each of these tableseaadded to on the fly with the
acquisition of new land or restructuring of oldnifal information can be entered once
and retrieved later via a single key. Animal kega be one of three different identifiers.
The animal_id in the animal table contains the RE@number attached to it, while the
animal_easy id is a unique number for that anitmat is easier for a farm worker to
remember and identify. These numbers are oftgriadied or written on the RFID tag

itself, allowing both visual and electronic idem#tion. The animal_national_id column
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is for storing the ID number registered with theD/S While not needed in daily use of
LCTracker, this ID can reference any animal inghistem if needed. It can also be

transferred with the animal to maintain trackinfprmation until time of slaughter.

animal | notes
o= anamal_ld | varchar (28) } == note_id ; warchar (28} *
ardmal_rational_id @ varchar (15] Animal_totes |2+ note_date ; datetime
ardmal_easy_id : int (5D nese_texk © lext
ardmial_akn : varchar (15) Hate Regeating Table

anmemal_type ; varchar (30
aremal_sex ; varghar (1) |
aremal_stari_date : date

aremal_end_date ; date Arnimal_Location
anemal_plcture @ blob

General Animal infa

lacation
&+ location_id  varchar (28)
== [ocation_date :© datetima
location_area : varchar (8]
location_reader ! varchar i3)
Animal Locaticn Repeating Table

weight

HE= waight_id : varchar (ZE) °

Arimal_Weight == weight_dare | datatime

farm WakgHL ameunt  int (40

2= farm_id : varchar (17) .- Weight Repeatng Table
farm_owner_Last : varchar {301
farm_cwner_first - warchar (300 |
farm_cwner_mkidle ; varchar (391
farm_address_1 : varchar (541
farm_address £ : varchar (501 FREMATES
farm_address_cicy - warchar (304
farm_address_state : varchar (2]
farm_address_zip : varchar (103
farm_phane_no inc{11)
farm_cell_no @ int411)
farm_acres @ ing (50
farm_na_animals o inL (51

General Farm Info

area

|J area_farm_kd S mE(LF

2= area_id ; varchar (5) J

== area_reader ; varchar (8) Area_Locabian
area_desc : varchar (500
area_size ; deckmal (%)
Area_USe © beat

Area Regeating Table

Figure 5.8. Ictracker Database.

5.4.2 Database Connections

Connections to a MySQL database occur at the readkeat the base station PC.
Figure 5.9 demonstrates how the MySQL connecti@siablished in C# for the
temporary storage of IDs collected from the redmethe intermediate PC-1. The

MySqIClient connector is used to connect with tatatlase and takes a connection string
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with server, database, userid, and password. @mueected a MySglCommand is
created. This structure houses storage for theramd itself, as well as execution

methods.

using MySql.Data.MySqlClient;

string MyConString = "SERVER=localhost;" +
"DATABASE=tmpse;" +
"UID=userid;" +
"PASSWORD=paesiy";
MySglConnection connection = new MySglConnectionQwnString);
MySqglCommand command = connection.CreateCommand();

connection.Open();

+

command.CommandText = "insett impLocation values (™ + readlD
III’ NOW(), I3I)ll;
command.ExecuteNonQuery();

connection.Close();

Figure5.9. C# MySQL Connection.

Figure 5.10 shows how SPOTs access the MySQL as¢ablSPOT 1 reads from
the database, while SPOT 4 writes to the datahasegdstandard operating behavior.
However, SPOT 1 and SPOT 4 can perform both dutiesh settings from the GUI have
to be transferred to the remote readers. Oncepihmpariate Structured Query Language
(SQL) packages are loaded, the Java Database QmitygdDBC) driver class is
referenced. This allows a connection to be estldd with the provided location,
username, and password. After preparing an SQémstnt, the query is executed
against the database and stored in a result $&s. rdsult set is then looped over,

accessing values via column number indexing.
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import java.sql.*;
String readRecord;

Class.forName("com.mysql.jdbc.Driver");
java.sql.Connection con = DriverManager.getConoati
"jdbc:mysql://localhost:3306/tmpStore”, "USERMA", "PASSWORD");
PreparedStatement statement = con.prepareStatement(
"select * from tmplocation");
ResultSet result = statement.executeQuery();

while(result.next()) {
readRecord = result.getString(1) + " " +
result.getString(2) + " " + result.get®g(3);
System.out.printin("readRecord =" + readRe};ord

}

Figure 5.10. Java MySQL Connection.

The final database connection is made by theinsaface. This dynamic web
page is written in PHP and connects to the MySQhlukse running on the same
workstation. As seen in Figure 5.11, the connegbimcess in PHP is similar to the other
methods covered. All connection variables arengefiand then a connect function is
called that returns a handle for that connectidhen the database is selected and the
query is written. The query is executed and fedabree row at a time. A loop fetches
rows and displays the information until no more sa@xist, at which time the query is
released from memory. This dynamic display of blase information allows the GUI to

reflect tracking changes in real time, requirindyamrefresh of the page.
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$hostname_lenovo = "MACHINE_ADDRESS";

$database lenovo = "Ictracker";

$username_lenovo = "USERNAME";

$password_lenovo = "PASSWORD";

$lenovo = mysgl_pconnect($hostname_lenovo, $useznkemovo, $password_lenovo) or
trigger_error(mysql_error(),E_ USEHRROR);

mysql_select_db($database_lenovo, $lenovo);

$query_animalData = "SELECT * FROM location, anif&HERE location_id = animal_id
ORDER BY &imn_date";

$animalData = mysql_query($query_aninzditD $lenovo) or die(mysql_error());

$row_animalData = mysql_fetch_assoc($animalData)

<?php do {?>
data.setCell(<?php echo $rowNum ?>, 0, <?php 8obw_animalData['location_easy_id"]; ?>);
data.setCell(<?php echo $rowNum ?>, 1, '<?php &cbw_animalData['location_date']; ?>);
data.setCell(<?php echo $rowNum ?>, 2, '<?php &cbw_animalData['location_area’]; ?>");
data.setCell(<?php echo $rowNum ?>, 3, '<?php &cbw_animalData['animal_type']; ?>";
data.setCell(<?php echo $rowNum ?>, 4, '<?php &bw_animalData['animal_sex"; ?>");
data.setCell(<?php echo $rowNum ?>, 5, '<?php &bw_animalData['animal_start_date']; ?>";
<?php $rowNum++; ?>

<?php } while ($row_animalData = mysql_fetch_as$acjmalData)); ?>

<?php
mysql_free_result($animalData);
?>

Figure5.11. PHP MySQL Connection.

48



CHAPTER 6: EVALUATION

6.1 RFID Hardware

The RFID hardware used in the implementation vimsen for its listed
specifications and cost. To evaluate the hardwsed, it was placed in real world
situations to compare advertised performance watfopmance in the field. The
supplied software and documentation were asseesdideir completeness and clarity,
while vendor communication and support were exacthinehese evaluations ultimately
led to a determination of the appropriatenessisftiardware for the LCTracker

application.

6.1.1 Reader and Tag Performance

Three different types of tags were used in thesest labels, wristbands, and rigid
tags. The label tags were easy to remove from ffaekaging and contained sufficient
adhesive to properly secure them to a rigid sursad as existing ear tags. These tags
measure 2 inches by 6 inches on the exterior,Heuattual tag circuitry inside is only
about three fourths of an inch by three inchegyidRplastic tags attach the circuitry to
hard plastic like the majority of large animal &egs that are available. These tags
measure 1 inch by 5 inches, with the RFID circuitrgasuring .75 inches by 4.5 inches.
The wristband tags can be removed and reattacheethéir soft plastic housing and

contain a 1 inch by 3 inch RFID tag.
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The first parameter evaluated was maximum readrmtie. This is the furthest
separation a tag can have from the reader andettilin the signal. The advertised
maximum read range for the DL910 reader 26 to 4§ flepending on the type of tag
being read. Table 6.1 lists the maximum read rautig&t resulted from this evaluation.
With a maximum read distance for any tag of 30, féetse read ranges fell into the
bottom end of the manufacturer claims. Wristbamdl label tags fell even shorter of the
goal, not reaching the claimed read distanceseitikat the rigid type of tag most
closely represents the average hard plastic areardig, its maximum read range is still
within the specifications of the LCTracker system.

Table 6.1

Maximum read distances

Rigid Tag (ft.) Wristband Tag (ft.) Label Tag (ft.)
Open Air 30 21 19
Wood Door 25 17 15
Wood + Sheetrock | 25 17 15
12” Cinder Block 6 4 4
Steel 0 0 0

Table 6.1 also shoes the maximum distances faet@djngs to pass and return
through different mediums. With many barns anaptgricultural buildings being
made of wood, the solid wood door test shows howmraad distance is lost when a
wooden structure lies between the animal and readith drops in distance of around

20% or less, wood causes a minimal range decrédseonly does this mean that
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livestock would have to be closer to the readerder to be tracked, but it also means
that animals inside and outside of a wood barn beagicked up. As each LCTracker
installation is unique, this must be accountedafben placing the reader.

While the addition of sheetrock did not have deafon RFID readings, they
changed significantly with the change of obstructioaterial to cinder blocks. With read
distances dropping an average of 78%, block strestsignificantly reduce the chance of
identifying livestock through them. Again this fd@s to be accounted for in reader
installations. This may require additional read®rghe opposite side of the wall, but it
also gives the ability to restrict readings witkthe structure. Only animals immediately
adjacent to the opposite side of the wall haveaach to be identified. As Table 6.1
indicates, steel can be used to completely impdd® Rag identification. This was the
only medium in the evaluation to do so.

Since tagged livestock can move freely, the anfjtbe tag to the reader is
always changing. As there is no front or backroRéID tag, read angles were read
based on the tag being perpendicular to the radaquéncies emitted by the reader. The
rigid tag performed the best, triggering readdladragles. Wristband tags produced
reads up to 80 degrees from perpendicular, whilelleags stopped reading at 65
degrees. As with the other tests of tag functibnahe rigid plastic tags performed the
best. Wristband tags would cause reads with moshevement, but label tags had a
large angle window where no readings took placethWie higher rate of missed
readings, label tags are not suggested for ugeib€Tracker system.

The final evaluation tests for the RFID hardwaeéedmined how far apart each

tag must be and how many can be read at a timiethr&k types of tags functioned
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similarly in the spacing tests. The only condittbat caused misreads was two RFID tag
antennas touching the ends of each other. ThiatBh generated an average 12%
failure rate over 20 reads. Overlapping tagsweat not touching were still readable.
Since tag antenna ends touching each other whan animals ear is unlikely and would
only be a temporary situation it is not seen agj@ifscant issue. The DL910 reader does
not have a listed maximum for number of tags réadgven time. It will attempt to

read every tag that is energized by the antennghoWt the volume of tags to explore

this upper ceiling, smaller tests were completiédvas found that at least seven tags in a
one square foot area could be read simultaneo@ycentrations that high are virtually
impossible when in use on the farm, so the numb&xgs read at a time was determined
to not be an issue. Due to tag angle, proxinmigyriers, and other external factors, every
tag was not read every time. This shows the neledhéiltiple reads, disregarding

duplicates.

6.1.2 Reader Interface

The DL910 reader advertises interface connecfionBS-232, RS-485,
Weigand, and TCP/IP ports. The RS-232 connectias wsed and evaluated with
LCTracker. This type of connection is an industtgndard, but is commonly considered
a legacy interface. It does not provide the s@aetlease of use of more modern
connection methods, but is more than adequatestiruthis system. The RS-232
connections with a PC worked as advertised.

The SDK supplied with this reader caused moshefdifficulty in setting up a
proof of concept implementation identical to thitiah design. SPOTS require a platform

independent Java interface, and the DL910’s ARdsviicrosoft Windows only. A
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communications protocol was provided, but was mg#he initial connection instruction
codes. This prevented the SPOT from controllirgrékader, and required the extra PC
show in Figure 5.1. While the actual function lod system was not compromised, this
extra hardware increases cost and complicatioshduld be noted that the SDK is not
advertised as Windows only, but is not promoteldeglatform independent either.
RFID reader options do exist for platform indepertdava interfacing, and should be

utilized for future LCTracker implementations.

6.2 SPOT Hardware

The SPOT mobile devices that were utilized inithplementation are advertised
to be self-powered wireless development devicaghd LCTracker system, they are
utilized for wireless data transmission, RFID reacttrol, and database access.

Serving as wireless transmitters to connect REHIers and a base station PC,
the SPOTSs performed as advertised when within raBgelt-in error checking ensured
that data sent was received and persistent coonsatiere sustained. However, the
publicized maximum communication of 328 feet wasalmained in the LCTracker
prototype evaluation. To test actual radio ramge, programs were written. One SPOT
was programmed to periodically broadcast a trarsons and the other was programmed
to receive transmissions. Radio strength settivige set to maximum, and one of the
internal LED lights of the receiving device was &eblink when it was able read the
transmission. In this setup, the light will quiinlking when it is out of range.

The radio range can be affected by external cmmditand placement angle.
Outside, with no obstructions, a maximum distarfcg/dfeet was reached before signal

failure occurred. This distance was even lesgstrmictions came between the antennas.
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The maximum range indoors was 87 feet, still farsbf the claimed value. This range
shortfall compromises the LCTracker design, renmgniseful for short-range wireless
transmission only. An RFID reader could be plaget$ide of a barn, for instance,
without running wires. However, connecting to digtfields would require too many
repeater spots to be cost effective.

Rage tests were also conducted with clear aceylcdosures sealing the SPOTs
from the weather. This weather sealing is requiogorotect any spot subjected to
moisture. Since maximum range can vary slightiyrfitest to test, three samples were
taken without the protective enclosure and threb.wl'he averages for these tests show

no appreciable loss of range from this thin cleat.b

6.3 Cost

One of the main hurdles that the USDA saw withabeeptance of their NAIS
program was the cost incurred by the livestock peceds (Jeffries, 2006). Since price
was a prohibiting factor, a major goal of the LCdkar system was cost. Every step in
the design evaluated cost vs. features for thaicpéar function. To evaluate the
performance of LCTracker in the respect, pricingtfacking systems was divided

between software and hardware.

6.3.1 Hardware Costs

Table 2.4 showed RFID hardware costs for the eqeig popular with
commercial tracking systems in use today. Alliferd Destron RFID systems are
specialized for livestock identification, therefdmiting their market. The hardware
utilized in LCTracker not only uses different radiiequencies to increase performance,

but is also less specialized in function. Thiwvesidown the cost of the equipment.
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Table 6.2 shows the costs for panel readers froomtanufacturers. Daily RFID Co.,
Limited produces the DL910 reader used in the imgletation. This reader provides the
necessary specifications for frequency and rangtdalbked the platform independent
API necessary to complete an LCTracker installatv@hout an extra PC. While slightly
more expensive, the Alien reader model 9650 offerslar performance and has the
necessary Java API to enable SPOT control of @dere It should be noted that
shipping prices significantly affect total purchgs&e. The lowest shipping option for
the Alien reader is around $10. The lowest optarihe Daily product is $147, bringing
the actual cost difference to around $130.

Table 6.2

Implementation RFID hardware costs

Daily Alien
Panel Reader/Antenna $510 $778
Tags $0.90 - $3.00 $2.00 - $5.00

RFID tag prices, as seen in Table 6.2, can vapgd@ing on type and quantity
purchased. The actual RFID components inside arequite inexpensive, and only
make up a small portion of tag costs. Alien pratuRFID inlays that are available for
less than $0.30 when bought in quantities of 50 0re. These inlays must be placed in
the chosen tag medium, such as an ear tag. Samal$ fmay be unwilling to invest in the
10,000 or more guantity of tags to get the bestimyi Orders of as little as 250 are

available for around $2.00 per animal.
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SPOT technology by Sun Microsystems is only soldavelopment kits at this
time. Each development kit contains two free-raBB©Ts, one base station SPOT,
development tools, a USB cable to connect to aaR@ quick-attach mounts. The base
kit provides the equipment necessary to createR®i® reader installations at up to 200
yards from the base workstation. SPOT to SPOT connration is limited to a
maximum of 100 yardsbut automatic transmission hopping will allow appt to
communicate with any other spot as long as a n&tabconnected SPOTSs exists
between them.

SPOTs are connected to RFID readers via an RS&% connection. To make
this connection, a 9-pin serial cable is requirétiese cables can be obtained from
reputable retailers for as little as $2, as shawhable 6.3. One cable is required for
each reader that is used. The SPOT to PC connastinade via a USB cable that is
provided in the development kit.

The protective housing item in Table 6.3 is neagswhen mounting a SPOT
where it will be vulnerable to the weather. Claarylic boxes suitable for this purpose
can be found for as little as $3. If custom enates are desired, large sheets of acrylic
can be cut and assembled with silicone caulk. &kbgsets are available for around $20

for two feet by four feet sections.

Table 6.3
SPOT Hardware Costs
| SPOT Dev Kit Serial Cable Protective Housing

Price | $399 $2 $3

! Refer to Section 6.2 for wireless
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6.3.2 Software Cost

The software components of the LCTracker systemeigge a large cost savings
over commercial systems. Freely available opencgosoftware was used for the system
interface and all source code of the software eckfdr the proof of concept
implementation is available. The cheapest comraksgistem reviewed costs at least
$245 to be able to track an unlimited number afdibock. This minimum savings of
$245 can grow much higher with version upgradesti+aser licenses, and the addition
of wireless support. Some of the features of LCKea are either not available, or only
available as add-ons at an extra cost.

The LCTracker software also saves on hardwares c@sbvernment tracking
systems such as NAIS and its forthcoming successpiire a unique ID for all livestock.
In previous systems, this meant the purchase a@iapeRFID tags with a specific
number range. LCTracker enables the use of anip R&g by coupling the actual tag
number with the government provided number in thialblase. A lookup by either
number is specific to a single animal. This alsmaldens the type of tag available for

use.
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CHAPTER 7: CONCLUSION AND FUTURE WORK

7.1 Conclusion

Livestock tracking is a common and valuable pcactiModern tracking involves
the use of semi-automated techniques such as EroodRFID tags. The USDA has
proposed and is revising a policy for livestoclckiag, particularly for disease
management and traceability. Many consumers greesting knowledge of animal
product lifecycle. While larger livestock operaisomay be able to afford the costs of
current commercial livestock tracking systems, dhsra need for a low cost livestock
tracking system.

This thesis describes the design and prototypéeimgntation of the LCTracker
low cost livestock tracking system. Wide-area,ghatyle RFID readers can be
positioned at critical livestock locations, sucHeasd stations, water stations, gates,
barns, etc. Smart devices can control these reaaer transmit RFID tag readings via
wireless radio signals. Repeating devices aretseaices that can inexpensively
propagate readings from distant readers to a ltasers The base station is a wireless
receiving device attached to a computer and tyfyibetated in a barn or house.
Readings reaching the base station can be staratiylin the LCTracker database or
communicated to an offsite LCTracker hosted da&ab&sInternet connection. The
offsite feature means that farmers do not havedmtain the computer system and

perform data backups.
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The LCTracker prototype implementation used a émst panel RFID with Sun
SPOT devices as the controller, repeater, andgiaten devices. All components could
easily be replaced with other hardware that pravebpuivalent functionality. The thesis
also evaluates the prototype for cost and perfoocmaihe cost is low, primarily due to
the exclusive use of open-source software. Reaahdgwireless transmission ranges

were found to be lower than specified by the martufars.

7.2 Future Work
The implementation of LCTracker proved that sugystem can be created and
could be a cost effective solution to more expemsmmmercial systems. As with any

system, however, a continued refinement is necg$sareate a polished end product.

7.2.1 RFID Reader Controller

The main future work for SPOTs and RFID readerthé&LCTracker system is
the complete operation of a reader by the SPOTingdhe extra PC requirement, as is
shown in Figure 5.1 compared to Figure 4.1, in@sa®mplexity and cost significantly.
The SPOT hardware was specifically chosen becabse ithe components necessary to
control the reader without the assistance of a Piis can be resolved by using a Java
API enabled RFID reader, such as the Alien 9658m&ving the extra PC also removes
the tmpStore MySQL database from the system desi¢pe. connected device receives
the read tag ID information directly and can dissete accordingly.

The SPOT's role as a reader controller is enaleitheir processing and external
device integration abilities. SPOTs can be remlanehis role with similar products
capable of performing the same function. Small-power devices based on the ZigBee

protocol could be used, as well as mobile Arduiavicks. ZigBee devices run on the
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same 802.15.4 radio standard as SPOTs and margedgions exist (ZigBee, 2010).
Arduino devices are open source, and can be custdtrfor a specific task (Arduino,

2010). Cost and performance evaluations wouldrohéte the best option for this task.

7.2.2 Repeaters

The current task for repeater SPOTSs is simplelayrwireless data in route to a
specific destination through any SPOTSs in rangethé expansion of this system, these
SPOTs can provide additional functionality. To dll@rthe possibility of data loss when
the destination cannot be reached, a store ancfdrtechnique can be implemented.
When the destination SPOT is unreachable, theislatared on the device for later
transmission when the original is back online. sThould increase the fault and delay
tolerance of the network, allowing it to handleesad battery or other SPOT disruption.

To avoid the disruption possibility of a dead SPttery, battery monitoring
could be built into the system. SPOTSs can cheek ttwn power level, which could be
reported and monitored in the system interfaceertalcould notify farmers when battery
levels are getting low so that they can be reclthbgdore a failure occurs. The ability to
periodically check their power level and reportltxthe base station could be built into
every free-range spot in use.

Similar to periodic battery level checks, a systetagrity check could alert
system operators about problems before they octhis would be a recurring system
check ensuring that every SPOT in the network washable. If a SPOT is not
reachable, notifications could be presented iruse interface. These can be initiated

from an otherwise idle repeater spot, making usalavailable hardware.
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Full free-range SPOTs have the ability to do muoncite than is required to repeat
a wireless signal. These devices can control atygems such as servos and motors
while still repeating wireless traffic. Howevelrthe extra capabilities of a SPOT are not
needed for a repeater node, custom built SPOTsomiththe required components could
be built. If other wireless devices are used tatiab the reader, then they could also

relay a data transmission to nearby devices.

7.2.3 LCTracker System Software

There are many expansion opportunities for the inserface of LCTracker. This
software could offer the ability to set up autondatgegrity checking, as well on-demand
checks when a problem is suspected. Additiondaesysettings in the interface could
allow for system adjustment from one location. ittmg adjustments such as read and
wireless transmission frequencies, as well asmutll or parts of the system asleep from
within the user interface allows for remote managenhopportunities.

Reporting options could also be added to the systaftware. NAIS compliance,
daily activity, movement, and feeding reports wopitdvide farmers with data
collections that would require hours to compileivdlally. Custom fields and reports
would allow the farmer to dictate the exact infotima they wanted assembled and how
it is presented.

Another area of expansion for the user interfagaotifications. The end user
would determine the best method or methods fonvemethem, and enter those into the
system. PCs with an Internet connection can auioaily send emails and texts, but
notifications can also be presented within therfatee. Livestock that haven't been to a

feed bin in a set amount of time can signal a gioblso the notification setup would
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allow the farmer to set the amount of time andfioatiion means for this issue. Farmers
could also be notified when there are too many atgnm an area, or when an animal
hasn’t been located by a reader in an establisegddof time. This type of data can be
presented in a report, but is more time sensitiveature. Being proactively notified by
the system frees the user from having to constantiythis type of report, knowing they
will be alerted about urgent situations.

All data for the LCTracker system reside in a MySdatabase. This database
can either be located on the base station PC mdshy a hosting provider. If the
database is stored locally, a method for data atkneeded. This can be as simple and
cost effective as an external USB key or hard driVeese are available as low as $50 in
sizes large enough to store all the data for a maelsized farm. Options built into the
system software could provide one-touch backupssiores from these external storage
devices. If the database is hosted, these congpually offer backup as part of the
service price. Online backup sites are anothaoopor either setup. There are many
options available that offer as much as 50GB afagfe, adding no cost to an LCTracker
implementation. Integration with these backup sohs should be easy for a layman to

setup, with scheduling them automatically beingide

7.2.4 Additional Automation Possibilities

There are many possibilities for increasing autiionan the current system. One
such method is to utilize the processing and iatanig abilities of Sun SPOTs. Free-
range SPOTs contain their own temperature, ligid,gyroscopic sensors, and can

interface with many other types of external devi@sonboard 1/O ports. The automatic
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collection of data from these subsystems can bedtnd can trigger other actions
within the system.

Since SPOTSs contain a photo sensor, controls eactivated based on available
light, such as motors that open or close gateawhdnd dusk. The temperature sensor
can monitor daily highs and lows, both indoors anti Weight scales can be connected
to the external ports of a SPOT to weigh an aninMilitiple sensors can be connected to
one spot at a time, so the SPOT could automatisalige an animal on the scale and
trigger the reader to read the tag of that animdlis data can be compared to the animals
frequency of location at feed bins or other logagito determine which is producing
more animal growth. Sensors can also be placézkohbins to determine when supply is
low, reporting this to the end user.

Adding multiple RFID stations at different aredsadarm allows livestock to be
tracked more accurately. This data can then be tasdetermine land use efficiency.
Areas of little use can either be repurposed oraardle a higher head count, and
overused areas can be identified so that animal®eanoved to another area. This
information can also be used to control gates aneotors between different areas based
on their current population. This could mitigate possibility for overgrazing and

control herd movement without human direction.
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APPENDIX A

A.1 Reader PC C# Code Listing:

using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Drawing;

using System.Text;

using System.Windows.Forms;
using MySql.Data.MySq|lClient;
using System.Timers;

using System.Threading;

namespace Demo

{

public partial class Form2 : Form
{
int m_hCom =0;
byte m_nSite =0;
bool m_bConnect = false;
byte nTagType =4;
int nCount =0;
byte[] id;
byte ret =1;
const int IDENTIFYSINGLE =1,
const int IDENTIIFYMULTIPLE = 2;
const int GEN2TAG =2;
System.Timers.Timer myTimer = new System.Ti mers.Timer();

public Form2()
{

}

private void buttonConnect_Click(object sen der, EventArgs €)

{

InitializeComponent();

byte linktype =1,

String com_port ="COM1";
String strState3 = "Error State: ";
String strComm = com_port;

ret = Demo.ReaderDIl.OpenReader(ref m_h Com, linktype,
com_por t);

if (ret == 0)

{

bool bSucce = true;
m_nSite = (byte)0;

Demo.ReaderDll.SelectStation(m_nSit e);
intnBaud =1;
ret = Demo.ReaderDIl.SetBaudRate(m_ hCom, nBaud);

68



}

}

if (ret == 0&&(Demo.ReaderDIl.StopR

{
strState3 +=" Stopped RF Work"
}
else
{
strState3 += " Error stopping R
bSucce =false;
}
if (bSucce == true)
{

byte[] major = new byte[1], min
ret = Demo.ReaderDIl.GetFirmwar
major, minor);

if (ret == 0)

{
m_bConnect = true;
String strVer = String.Form

major[0], m

strState3 += strVer;
this.buttonConnect.Enabled
this.buttonDisconnect.Enabl

}
}

else

{
}

strState3 = "Connection to " + strC

this.labelStatus.Text = strState3;

private void buttonDisconnect_Click(object

}

if (m_bConnect == true)

{

Demo.ReaderDll.ResetReader(m_hCom);
Demo.ReaderDll.CloseReader(m_hCom);

this.buttonConnect.Enabled = tru
this.buttonDisconnect.Enabled = fal
this.labelStatus.Text ="Di

private void buttonRead_Click(object sender

{

id

= new byte[150];

string readID ="";

"

Build in enough overhead for expecte

string[] prevID = new string[20];
/I tmpStore MySQL connection
string MyConString = "SERVER=localhost;

"DATABASE=tmpStore
"UID=REPLACE_WITH_
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Fwork(m_hCom)) == 0)

F work";

or = new byte[1];
eVersion(m_hCom,

at(", v{0:D}.{1.D}",
inor[0]);

= false;
ed = true;

omm + " Failed!";

sender, EventArgs e)

e,
se;
sconnected";

, EventArgs e)

d head count:

"+
M+
USER_ID;" +



"PASSWORD=REPLACE_

MySqlConnection connection =

MySglCommand command = connection.Creat

new MySqglConnection(MyConString);

try
{
connection.Open();
}
catch
{
MessageBox.Show("Unable to open con
Database!\nNo tags
}

textBoxData.Text += Environment.NewLine

"*xxx Read Values ****" + Environme

ret = Demo.ReaderDIl.MultipleTagldentif

for (int rd = 0; rd < nCount; rd++)

}

for (int rdi = 0; rdi < 14; rdi++)

{
textBoxData.Text +=id[(rd * 14
rdi]. ToStri
readlD +=id[(rd * 14
rdi]. ToStri
}

textBoxData.Text += Environment.New
if (((IList<string>)previID).Contai
{

command.CommandText = “insert i

values (
“NOW(),
try
{
command.ExecuteNonQuery();
}
catch
{

MessageBox.Show("Unable to
insert\nNo tags will b
}

}
prevID[rd] = String.Copy(readID);
readlD ="

WITH_PASSWORD;",

eCommand();

nection to
will be stored.");

+
nt.NewLine;

y(m_hCom, nTagType,

ref nCount, id);

)+
ng(lllel);
)+
ng("XZ");

Line;
ns(readID))
nto tmpLocation

" +readlD + ™, "+
'3, "1, "N,

execute table " +
e stored.");

connection.Close();

}

private void buttonClear_Click(object sende

{
textBoxData.Clear();

}

r, EventArgs e)
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private void buttonTimedStart_Click(object

{
myTimer.Elapsed += new ElapsedEventHand
myTimer.Interval = 10000;
myTimer.Start();

}

delegate void SetTextCallback(string text);
private void SetSomeText(string text)
if(textBoxData.InvokeRequired)

SetTextCallback d = new SetTextCall
this.Invoke(d, new object|] { text

}

else

{

}
}

public void timedRead(object source, Elapse

{

id = new byte[150];

string readID ="";

// Build in enough overhead for expecte

string[] prevID = new string[20];

/I tmpStore MySQL connection

string MyConString = "SERVER=localhost;
"DATABASE=tmpStore
"UID=root;" +
"PASSWORD=dinanm3;

MySqglConnection connection =

new MySqglConnection(MyConString);
MySqglCommand command = connection.Creat

this.textBoxData.Text += text;

try
{

}

catch

{

connection.Open();

MessageBox.Show("Unable to open con
“Database!\nNo tags will be sto

}

SetSomeText(Environment.NewLine + "****
Environment.NewLine);

ret = Demo.ReaderDIl.MultipleTagldentif
for (int rd = 0; rd < nCount; rd++)
for (int rdi = 0; rdi < 14; rdi++)

SetSomeText(id[(rd * 14) + rdi]
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sender, EventArgs e)

ler(timedRead);

back(SetSomeText);
D;

dEventArgs e)

d head count.

eCommand();

nection to “ +
red.");

Read Values ****" +
y(m_hCom, nTagType,

ref nCount, id);

.ToString("X2");



readID +=id[(rd * 14) + rdi].T oString("X2");
}

SetSomeText(Environment.NewLine);

if (((IList<string>)previID).Contai ns(readID))

{
command.CommandText = "insert i nto tmpLocation “ +
“values (" + readID + "', NOW 0,3, ', 'N)";

command.ExecuteNonQuery();

}
prevID[rd] = String.Copy(readID);
readlD =",

}

connection.Close();

}

private void buttonTimedEnd_Click(object se nder, EventArgs e)

{
}
}
}

A.2 Reader PC SPOT Code Listing

myTimer.Stop();

package org.sunspotworld.demo;

import com.sun.spot.io.j2me.radiogram.*;
import com.sun.spot.util.Utils;

import com.sun.spot.peripheral.ota. OTACommandServer ;
import java.text.DateFormat;

import java.util.Date;

import java.io.Datalnput;

import javax.microedition.io.*;

import java.sql.*;

/**

* This application is the 'reader PC' portion of t he LCTracker Demo
*

* @author: Jason Grubb

*

public class SendDataDemoHostApplication {
// Broadcast port on which we listen for sensor samples
private static final int HOST_PORT = 67;

private void run() throws Exception {
RadiogramConnection rCon;
Datagram dg;
boolean resultsFound = false;

byte[] b = {};
byte x = (byte)OXFF;
DateFormat fmt = DateFormat.getTimelnstance 0;
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final String HEXES = "0123456789ABCDEF";
String readRecord;

try {
/I Open up a server-side broadcast radi ogram connection
/I to listen for sensor readings being sent by different
/l SPOTs
rCon = (RadiogramConnection)
Connector.open("radiogram://broadca st:" + HOST_PORT);
dg = rCon.newDatagram(rCon.getMaximumLe ngth());
} catch (Exception e) {
System.err.printin("setUp caught " + e .getMessage());
throw e;
}
Class.forName("com.mysql.jdbc.Driver");
java.sgl.Connection con = DriverManager.get Connection(
"jdbc:mysql://localhost:3306/tmpSto re", "root",
"dinanm3");
PreparedStatement getStatement = con.prepar eStatement(
"select * from tmplocation where tm pLocation_sent “ +
u: INIII);
ResultSet result = getStatement.executeQuer y();
PreparedStatement putStatement = con.prepar eStatement(
"update tmplocation set tmpLocation _sent="Y'"+

"where tmpLocation_sent = 'N™);

while(true) {
while(result.next()) {

readRecord = result.getString(1) + "t
result.getString(2) + "t
result.getString(3) + "t
result.getString(4);

System.out.printin("readRecord =" + readRecord);

resultsFound = true;

try {

dg.reset();

dg.writeUTF(readRecord);
rCon.send(dg);

} catch (Exception e) {
System.err.printin("Caught " + e + " while “ +

“sending “ + record.");

throw e;

}

}

if (resultsFound) {
putStatement.executeUpdate();
resultsFound = false;

}
Utils.sleep(20000); // Check for new ta gs every 10 seconds.
result = getStatement.executeQuery();

}

}
/**

* Start up the host application.
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*

* @param args any command line arguments

*

public static void main(String[] args) throws E
Il register the application's name with the
/I & start OTA running
OTACommandServer.start("SendDataDemo");

SendDataDemoHostApplication app = new
SendDataDemoHostApplication();
app.run();
}
}

A.3 Base Station PC SPOT Code Listing

package org.sunspotworld.demo;

import com.sun.spot.io.j2me.radiogram.*;

import com.sun.spot.peripheral.ota.OTACommandServer
import java.text.DateFormat;

import java.util.Date;

import java.io.Datalnput;

import javax.microedition.io.*;

import java.sql.*;

/**

* This application is the 'reader PC' portion of t
*

* @author: Jason Grubb

*

public class SendDataDemoHostApplication {
// Broadcast port on which we listen for sensor
private static final int HOST_PORT = 67;

private void run() throws Exception {
System.out.printin("Starting...");
RadiogramConnection rCon;
Datagram dg;

String readData;

Class.forName("com.mysql.jdbc.Driver");

java.sgl.Connection con = DriverManager.getConn
"jdbc:mysql://152.10.146.52:3306/Ictracker"
"PASSWORD");

try {
/I Open up a server-side broadcast radiogra

/I to listen for sensor readings being sent
rCon = (RadiogramConnection) Connector.open
HOST_PORT);
dg = rCon.newDatagram(rCon.getMaximumLeng
} catch (Exception e) {
System.err.printin("setUp caught " + e.getM
throw e;
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}

/l Main data collection loop
while (true) {
try {
rCon.receive(dg);
readData = dg.readUTF();

System.out.printin("readData = " + read
String patternStr = "[ +";
String[] fields = readData.split(patter

PreparedStatement putStatement = con.pr

"insert into location (" +

"location_id, location_date, location_a
“location_reader) " +

"values (" + fields[0] + ™', + field
fields[2] + ", + fields[3] + ",
fields[4] + ")");

System.out.printin("insert into locatio
"location_id, location_date, location_a
“location_reader) " +

"values (" + fields[0] + ™',"" + field
fields[2] + ", + fields[3] + ",

putStatement.executeUpdate();
} catch (Exception e) {
System.err.printin("Caught " + e +
" while reading tag
throw e;
}
}
}

/**

* Start up the host application.
*

* @param args any command line arguments
*/
public static void main(String[] args) throws E

OTACommandServer.start("SendDataDemo");

SendDataDemoHostApplication app = new
SendDataDemoHostApplication();

app.run();

A.4 Web Display Demo Code Listings

lenovo.php:

<?php

# FileName="Connection_php_mysqgl.htm"
# Type="MYSQL"
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# HTTP="true"

$hostname_lenovo = "IP_ADDRESS";

$database_lenovo = "Ictracker";

$username_lenovo = "USERNAME";

$password_lenovo = "PASSWORD";

$lenovo = mysql_pconnect($hostname_lenovo, $usernam

$password_lenovo) or trigger_error(mysql_error(),E_
?>

layout.css:
#wrapper {
width: 90%;
margin: Opx;
padding-right: 5%;
padding-left: 5%;
padding-top: 5px;
}
body {
margin: Opx;

}
#header {
height: 60px;
width: 100%;
font-family:Arial, Helvetica, sans-serif;
font-size: 14px;
line-height: 22px;
font-weight: bold;
}
#navbar {
float: right;
height: 22px;
width: 300px;
font-family:Arial, Helvetica, sans-serif;
font-size: 14px;
line-height: 22px;
font-weight: bold;
border: 1px solid #000;
background-image:url('../images/navbar_gradient
background-repeat:repeat-x;
border-radius: 5px;

}

#body {
/*
padding: 20px;

*/
border-right-width: 5px;
border-left-width: 5px;
border-right-style: solid;
border-left-style: solid;
border-right-color: #252525;
border-left-color: #252525;
margin: Opx;
}

#footer {
background-color: #252525;
height: 60px;

width: 100%;
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}

#button a{

}

float: left;

width: 100px;

height: 25px;

color: #000;
text-decoration: none;
text-align: center;

#button a:hover{

}

float: left;

width: 100px;

height: 25px;

color: #FFF;

text-decoration: none;

text-align: center;
background-image:url('../images/navbar_gradient
background-repeat:repeat-x;

#logo {

}

width: 600px;
height: 100%;
float: left;

Ictracker.php:

<?php require_once(‘Connections/lenovo.php"); ?>
<?php

if (function_exists("GetSQLValueString")) {

function GetSQLValueString($theValue, $theType, $th

$theNotDefinedValue = ™)

if (PHP_VERSION < 6) {
$theValue = get_magic_quotes_gpc() ? stripslash

$theValue;

}

$theValue = function_exists("mysql_real_escape_st
mysql_real_escape_string($theValue) : mysql_escape_

switch ($theType) {

case "text":
$theValue = ($theVvalue !="") ? "™ . $theVal
break;

case "long":

case "int"
$theValue = ($theValue = ") ? intval($theVa
break;

case "double":
$theValue = ($theValue = ") ? doubleval($th
break;

case "date":
$theValue = ($theVvalue !="") ? "™ . $theVal
break;

case "defined":
$theValue = ($theValue !'="") ? $theDefinedVa

$theNotDefinedValue;
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eDefinedValue =

es($theValue) :

ring") ?
string($theValue);

ue . """ :"NULL"

lue) : "NULL";

eValue) : "NULL";

ue . """ :"NULL"

lue :



break;

return $theValue;

}
}

$maxRows_animalData = 20;

$pageNum_animalData = 0;

if (isset($_GET['pageNum_animalDataT)) {
$pageNum_animalData = $_GET['pageNum_animalData’]

}

$startRow_animalData = $pageNum_animalData * $maxRo

mysql_select_db($database_lenovo, $lenovo);

$query_animalData = "SELECT * FROM location, animal
animal_id ORDER BY location_date DESC";

$query_limit_animalData = sprintf("%s LIMIT %d, %d"

$startRow_animalData, $maxRows_animalData);

$animalData = mysql_query($query_limit_animalData,
die(mysql_error());

$row_animalData = mysql_fetch_assoc($animalData);

if (isset($_GET['totalRows_animalData')) {
$totalRows_animalData = $_GET['totalRows_animalDa
}else {
$all_animalData = mysqgl_query($query_animalData);
$totalRows_animalData = mysqgl_num_rows($all_anima
}
$totalPages_animalData =
ceil($totalRows_animalData/$maxRows_animalData)
7>
<IDOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.0 Transi
" http://www.w3.0rg/TR/xhtml1/DTD/xhtml1-transitional

ws_animalData;

WHERE location_id =

, $query_animalData,

$lenovo) or

taf;

IData);

_1’

tional//EN"
dtd ">

<html xmlns=" http://www.w3.0rg/1999/xhtml ">
<head>
<meta http-equiv="Content-Type" content="text/html;
<title>Untitled Document</title>
<link href="css/layout.css" rel="stylesheet" type="
<script type="text/javascript'
src=" http://www.google.com/jsapi
<script type="text/javascript'>
google.load('visualization', '1', {packages:[
google.setOnLoadCallback(drawTable);
function drawTable() {
var data = new google.visualization.DataTab
data.addColumn('string', 'location id");
data.addColumn('string’, 'location date");
data.addColumn('string’, 'location area’);
data.addColumn('string', 'location reader")
data.addColumn('string’, 'animal type');
data.addColumn('string’, 'sex’);
data.addColumn('string’, 'start date");
data.addRows(<?php echo $maxRows_animalData
<?php $rowNum = 0; ?>
<?php do { ?>
data.setCell(<?php echo $rowNum ?>, 0, '<

'></script>

78

/>

text/css" />

'table']});

le();

?>);

?php echo



$row_animalData['location_id']; ?>";
data.setCell(<?php echo $rowNum ?>, 1, '<
$row_animalData['location_date']; ?>'
data.setCell(<?php echo $rowNum ?>, 2, '<
$row_animalData['location_area']; ?>'
data.setCell(<?php echo $rowNum ?>, 3, '<
$row_animalData['location_reader’]; ?
data.setCell(<?php echo $rowNum ?>, 4, '<
$row_animalData['animal_type']; ?>");
data.setCell(<?php echo $rowNum ?>, 5, '<
$row_animalData['animal_sex']; ?>);
data.setCell(<?php echo $rowNum ?>, 6, '<
$row_animalData['animal_start_date];
<?php $rowNum-++; ?>
<?php } while ($row_animalData =
mysql_fetch_assoc($animalDat
var table = new
google.visualization.Table(document.getElem
table.draw(data, {showRowNumber: true});
}
</script>
</head>

<body>
<div id="wrapper">
<div id="header">
<div id="logo"><h1>LCTracker Data Collectio
</div>

<div id="body">
<p><div id="new_div"></div></p>
</div>
</div>
</body>
</html>
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?php echo
);
?php echo
'.5php echo
>");

?php echo
?php echo
?php echo
?>");

a)); 7>

entByld('new_div"));

n Demo</h1></div>
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