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FI ELD OF THE | NVENTI ON The present invention relates_
generally to eqggs and, nore particularly, to nethods and alpgarat us
for candl i¥§ 28@ 883835 BACKGROUND OF THE | NVENTI ON PCT/US2007/017545

Di scrimnation between poultry eggs on the basis of sone observable
quality is a well-known and | ong-used practice in the poultry
industry. "Candling" is a common nanme for one such technique, a term
whi ch 10has its roots in the original practice of inspecting an egg
using the light froma candle. As is known to those famliar with
eggs, although egg shells appear opaque under nost |ighting
conditions, they are in reality sonmewhat translucent, and-when pl aced
in front of direct light, the contents of the egg can be observed.
15Eggs which are to be hatched to live poultry are typically candl ed
during enbryonic devel opnent to identify clear, rotted, and dead eggs
(collectively referred to as "non-live eggs"). Non-live eggs are
typically renoved fromincubation to increase avail abl e i ncubat or
space. In addition, renoving non-live eggs can increase hatch rates
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hat ch i nprovenent ave a oL of a to
0.40 per chick in the United States. I n many i nstances
it is desirable to introduce a substance into a |live egg prior to

hatch. In ovo injections of various substances into avian eggs are
typi cal ly enpl oyed in the corfitekBiQF ThRINYENTHANst ry td decrease
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particularily, to methods and apparatus for candling eggs.

BACKGROUND OF THE INVENTION
Discrimination between poultry eggs on the basis of some
observable quality is a well-known and long-used practice in the poultry
industry. "Candling” is a common name for one such technique, a term which

10 has its roots in the original practice of inspecting an egg using the light from a
candle. As is known to those familiar with eggs, although egg shells appear
opaque under most lighting conditions, they are in reality somewhat
translucent, and when placed in front of direct light, the contents of the egg
can be cbserved. .

15 Eggs which are to be hatched to live poultry are typically
candled during embryonic development to ideﬁtffy clear, rotted, and dead
eggs (collectively referred to as "non-live eggs"). Non-live eggs are typically
removed from incubation to increase available incubator space. In addition,
removing non-live eggs can increase hatch rates by as much as 2.0 % in old

20 flocks (flock age: 58 - 62 weeks). This hatch improvement can have a direct
vaiue increase of about 0.2 t0 0.4 ¢ per chick in the United States. '

in many instances it is desirable to introduce a substance into a
live egg prior to hatch. In ovo injections of various substances into avian eggs
are typically employed in the commercial poultry industry to decrease post-

25 hatch mortality rates or increase growth rates of hatched birds. Examples of
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WO 2008/ 088382PCT/ US2007/ 017545 substances that have been used for,
or proposed for, in ovo injection include vaccines; antibiotics and

vitam ns. v reat nent substances and net hods of _j _ i
i njection ‘Q{Bgﬁ)ﬂ&g@@ﬁ bed, for exanple, in US. Pat. No. ﬁﬁﬂ%ﬁ@?}‘géﬁﬁ o]
Sharma et al. and U S, Pat. No. 5,028,421 to Fredericksen et al.

In ovo injections of substances typically occur by piercing an egg
shell to create a hole therethrough (e.g., using a punch, drill
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number of non-live eggs encountered in commercial poultry production, the
increasing use of automated methods for in ovo injection, and the cost of
treatment substances, an-automated method for accurately identifying live
25 egys and selectively injecting only live eggs, is desirable.

There are other applications where it is important to be able to
identify live and non-live eggs. One of these appilications is the cultivation and
harvesting of vaccines in live eggs (referred to as "vaccine production eggs"}.
For example, human fiu vaccine production is accomplished by injecting seed

30 virus into a-chicken egg at about day eleven of enﬂbryonic development (Day-
11 egg), allowing the virus to grow for about two days, euthanizing the embryo
by cooling the egg, and then harvesting the amniotic fluid from the egg.
Typically, eggs are candled before injection of a seed virus to facilitate

removal of non-live eggs. Vaccine production eggs may be candled one or
2



nmore days prior to injection of a seed virus therein. ldentification
of live eggs in vaccine production is inportant because it is

desirabl e W8 25)({8%@% seed vaccine from being wasted in PUS%O\;BUE%QS

and to reducé cos associated with transporting and disposing 0
non-live eggs. 5U. S. Patent Nos. 4,955,728 and 4,914,672, both to
Hebr ank, describe a candling apparatus that uses infrared detectors
and the infrared radi ation emtted froman egg to distinguish live
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carrier for incu n OvVO processin ¥ e narrow end down
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because s Ol& ndling systems may misidentify live and non-live eggs. In addition, thermal-
20 based candling systems may be‘ less accurate with embryos that generate
less heat than day 17 eggs. '
| Embryo heartbeat (pulse) detection methods are known that can
detect live eggs with a high degree of accuracy. For example, U.S. Patent No.
6,860,225 1o Hebra'nk describes cahd{ing methods and apparatus wherein
25 cyclical variation in light intensity indicates the existence of an embryo pulse.
U.S. Patent No. 5,173,737 to Mitchell describes a method of determining
whether an egg contains a live embryo by directing light into an egg to
stimulate embryc movement, and then measuring resulting embryo
movement. Unfortunately, the Mitchell method may be time-consuming and
30 may not accurately detect live embryos that do not move as a resuilt of light
stimulation. i
Conventionally, it is desirable for eggs to be placed within a
carrier for incubation and in ovo processing with the narrow end down such

that the air cell therewithin is facing upwardly. Unfortunately, because some
3 .



3 eggs are nearly spherical in shape, it can be difficult to
determ ne which end is the narrow end of an egg. Inverted eggs (i.e.,

eggs orie ithin a carrier such that the air cell i t .
bottom or q&sg%"\;ﬁ%gﬁg about 30%leis likely to hatch thaﬁ'e@@%“"?/ﬁﬁéﬁ ed
with the air cell upwardly. In addition, in ovo injection 5of

I nverted eggs may pierce the enbryo and yol k rather than just the
ami on, and nmay danmage one or nore nenbranes I nverted eggs are
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desi gnat i nghat can rapidly detect hve and non-live eggs and that can also detect inverted
15 eggs within a carrier.

SUMMARY OF THE INVENTION
In view of the above discussion, egg candling methods and
apparatus are provided wherein non-live eggs, inverted egg, and side air cell
20 eggs can be quickly identified. According to some embodiments of the present
invention, a method of candling eggs includes exposing a plurality of
incubated eggs to an environment having a temperature different from a
temperature at which the eggs were incubated; obtaining a therma! image of
the eggs; and analyzing the thermal image to obtain surface temperature
25 information for each egg. According to some embodiments of the present
invention, obtaining a thermal image of the eggs includes obtzaining a thermal
image of downwardly facing surfaces of the eggs in a carrier, and designating
an egg as non-live if the surface temperature of a central region of the
downwardly facing surface of the egg compared to the surface temperatures
30 of central regions of the downwardly facing surfaces of adjacent eggs is lower
by a predetermined amount.
According to some embodiments of the present invention,
obtaining a thermal image of the eggs includes obtaining a ;cherma! image of

downwardly or upwardly facing surfaces of the eggs in a carrier, and
4
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an egg as non-live if the surface tenperature of a central region of
the downwardly facing surface of the egg conpared to the surface

terrperatu\?é »adissgentral regions of the downwardly fagiRgcsidshRSES
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of adjace eggs s lower by a predetern ned anount.

Accordi ng to sone enbodi nents of the present invention, obtaining a
thermal image of the eggs includes obtaining a thermal inage of
downwardly or upwardly facing surfaces of the eggs in a carrier, and
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surface is higher than the terrperature ective downwardly
faci'ng surf@8®unt o5according to some enbodi ments of the present

I nventi on, According to some embodiments of the prese_rlt invention,
obtaining a thermal image of the eggs includes obtaining tc;p and bottom -
thermal images of the upwardly facing and downwardly facing egg surfaces,

20 respectively. The respective top and bottom thermal images for each egg are
then compared to determine which surface of each egg has the higher
temperature. An eqgg is designated as inverted if the temperature of the
upwardly facing surface is higher than the temperature of the respective
downwardly facing surface.

25 According to some embodiments of the present invention,
obtaining a thermal image of the eggs includes obtaining a thermal image of
upwardly facing surfaces of the eggs in the carrier, and designating an egg as
an inverted egg if the temperature of the upwardly facing surface of the egg is
uniform thereacross.

30 Accordir_mg to some embodiments of the present invention,’
obtaining a thermal image of the eggs includes obtaining a thermal image of
downwardly or upwardly facing surfaces of the eggs in the carrier, and further
comprising designating an egg as having an air cell located on a side portion

of the egg if the temperature of an edge portion of the egg surface is lower
5



obtaining a thernal inmage of the eggs includes obtaining a thernsdl

I mge of upwardly facing surfaces of the eggs in the carrier, and
desi gnati an e as an inverted egg if the tenperature of th
upwar dl y f‘gezwﬁmg’%ﬂ ace of the egg is uniform thereacr §&L/US2007/017545
30According to sone enbodi nents of the present invention, obtaining a
thermal image of the eggs includes obtaining a thernmnal image of
downwardly or upwardly facing surfaces of the eggs in the carrier,
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i s a ¥Pow cHive inyeriegdepritaimg afside dieceltti ng 1ive/ non-live eggs,
I nverted eggs, and side air cell eggs, according to sone enbodi nents
150f the present invention. 2 illustrates. a thermnal

Fi g.
i mage of a flat of eggsB %PES%PM%OFL&EWWW%WH nal

camera, according to SFIFE'! W%wmoﬂﬁpérﬁﬁoﬁﬁ@i&iedtﬂgﬁi%m@sﬂ -livEi 9s.
3A-3C ere flow charts .illustrating operations of entification
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15 of the present invention.

Fig. 2 illustrates a thermal image of a fiat of eggs taken from
above the eggs via a thermal camera, according to some embodiments of the
present invention. _

Figs. 3A-3C are flow charts illustrating operations of an

20 identification algorithm that is configured to designate eggs as live/non-live or
inverted, according tq some embodiments of the present invention.

Figs. 4A-4C are flow charts thét ilustrate operations for
identifying inverted eggs, according to some embodiments of the present
invention.

25 Figs. 4D-4E are flow charts that illustrate operations for
identifying side air cell eggs, according to some embodiments of the present
invention.

Fig. § illustrates the appearance of a thermal image of an end of
an egg having an air cell located at the end.

30 : Fig. 6 illustrates the appearance of a thermal image of an end of
an egg having an air celil focated in a'side portion of the egg.

Fig. 7 illustrates an egg being rotated by a pair of spaced-apart
rollers as a thermal camera obtains a thermal image of the'egg, according to

some embodiments of the present invention.
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i nverted, accordi’ng to sone enbodi nents of the present invention.
Figs. 4A-4C are flow charts that illustrate operations for

i denti fyi Wgr%@b\éﬁ)ggsggr)eggs, according to sone enbodi mnf"?ﬁﬂ&?‘?"g@gs“

pr esent Figs. 4D 4E are flow charts that

oper ations for identifying side air cell eggs, according to sone
enbodi nents of the present invention. Fig. S5illustrates
t he appearance of a thermal inage of an end of an egg having an air
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Like numbers refer to like elements throughout. In the figures,
the thickness of certain lines, layers, components, elements or features may
be exaggerated for clarity. Broken lines illustrate optional features or

15 operations unless specified otherwise. All publications, patent applications,
patents, and other references mentioned herein are incorporated herein by
reference in their entireties. -

The terminology used herein is for the purpose of describing
particular embodiments-only and is not intended to be limiting of the invention.

20 As used herein, the singular forms "a", "an" and “"the" are intended to include
the p!uré! forms as well, unless the context c[éarly indicates otherwise. It will
be further understood that the terms “comprises” and/or "comprising,” when
used in this specification, specify the presence of stated features, integers,

. steps, operations, elements, and/or components, but do not preclude the

25 presence or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof. As used herein, the
term "and/or” includes any and all combinations of one or more of the
associated listed items. As used herein, phrases such as "between X and i’"
and "between about X and Y" should be interpreted to include X and Y. As

30 used herein, phrases such as "between about X and Y" mean "hetween about
X and about Y." As used herein, phrases such as "from about X to Y mean
"from about X to about Y." . '

Unless otherwise defined, all terms (including technical and

scientific terms) used herein have the same méaning as commonly
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groups ther@&%llgﬁ&%ﬁﬂaﬁﬁk?bﬁrﬂ he term "and/or" includes any and

all conbi nati on one or nore of the associated listed itens. As
used herein, phrases &wihbeyndemsteas-thakwies aruelament sereferced thasit X

and Y shoubgnBeohnbghAsHRketh, bRk ekiCto Uit vifh, SOURECLAP! Shel

phr ases such as "bétween abol et ween
about Y.’ ranetbegelgeant.it cayhbe directy en, altacheddm @mrmcted tw prlﬁdan

" from about wifh b caRRidling the other ele anent or th?J pgd, :
all ternms (including technical and scienti ernB use hereln have

the same neRiFSABL 43 Ceplmminwlen m%osnbsgsmvo@ ingofoy s¥8mple,
under st ood - l?ﬂre@fh‘?oﬁ* "Bﬁ'é’ét%ﬁécﬁgh* {o '“8’ ré%}@rcg{ T rnebRdMib Oﬁlrégﬁfcou&%d"

I nvention be| ong" f od that' terns
t hose defi n¥lhPh @mﬁpyt%BE Gn@bﬁbﬂ@lm%'és, thefpargho b'éeWﬁflE!Qpr et ed

as hayi ng agieRRMDPrdsBAL I ﬁ.u%bétaﬁaiéeemba bfyhﬁbée Bﬁéﬂh ngthbrh& t

context of the specification and evant arft 5not be
i nt er pr et ed"sf#reRAeS trastruslyrepr fﬁ?@#wh?bﬁsrﬂaﬁp@@ﬂ é‘dmﬁé‘ésaf@k"pﬁfessl y

so defined feaﬁﬁemnas)/ﬁé\te Eaﬁaﬁsfthﬁi%ﬂaﬁ oqrunﬁen%tthé%mt F@a\fuﬂéot be

described in detail revit [or clarity. . . Wil |
be under st ood t hat mﬁwm‘lvwa terms, puehap cundey™, QEB%Y'ndOWQH

"attached" “Rer” Gpperchrditnd itke, Nt Gded Weldin for%a?stea&tdésa i tacﬁﬁb
10anot her elenept, it can be directly on, attached connecte to,
coup?% d describe 'one element or feature's relat:onsh:p to another element(s) or

feature(s) as illustrated in the fi igures. Jt will be understood that the spatially
relative terms are intended to encompass different orientations of the device
.in_ use or operation in addition to the orientation depicted in the figures. For
example, if the device in the figures is inverted, elements described as

25 "under” or "beneath" other elements or features would then be oriented "over"
the other elements or features. Thus, the exemplary term "under” can
encompass both an orientation of "over" and "under". The device may be
otherwise oriented (rotated 80 degrees or at other orientations) and the

spatially relative descriptors used herein interpreted accordingly. Similarly, the

30 . terms "upwardly”, “"downwardly", "vertical”, "horizontal" and the like are used
herein for the purpase of explanation only unless specifically indicated
otherwise.,

It will be understood that, although the terms "“first”, “second”,

etc. may be used herein to describe various elements, components, regions,
8



with or contacting the ‘other elenent or intervening elenents may al so
be present. In contrast, when an elenent is referred to as being, for
exanple, "directly on", "directly attached" to, "directl¥ connect ed"

to, "direcVPyBIHFed" with or "directly contacting” aR6tASRONEaEnt ,

there are no intervening 15el ements present. It will also be
appreci ated by those of skill in the art that references to a
structure or feature that is disposed "adjacent” another feature nmay

h ti d i t he adj ]

Coati Ty Byt Bhafbf SebAfhd inddl Gbtrefud, KRR vediBRS dhfers angyor

e B S Tt e e Py ahese ers: Ehons Moot oy used to

ol omont () OEtpBuBliahe somsH, ctihshant Bhic favel ol aralh 7ot anothey,

under st ooddblmn_ fe emthfomp_anén:ﬂ, :'ggion.l la¥é2/cﬁ' ssg,tim_s. mlg,imﬁmﬁeﬂmgt, . _
n | eren oril.en | ORS Ol.. evi n us or, operatl o I N

addi t1'on t o PHEBPILATHPNofYaer srdianieqrer Pglpv 3Te s bsipmed o

e g o o L D ol o parting from

u U S u
o anien « Obhs RERRRYGE qrth Blestof FRhfiof o Sedletre S rbrattiR i steps)
t er m "under 'is natlinditesbiiheordert presentediiathea tiaims of figoresrinlessd " under .

The devi ce TRy .ﬁe l{)t.hgrv\tﬁsqe t?%ri ented (rotated 90 degrees or at other
ori ent at i onSPEHHPWHRICHES ANPIVIPRI ati ve descriptors used herein

I nt eryar et ed accor di nglfhe t&mt'ingelted etigtas ated herein pveardl aH egg placed
"downwar dl y" and .1 h her e]

N tical" ." Lzont al " ne. i k d

o oL i Pl sura A Al B AR SR G PRI
ot herw se. the egg and not at tHe wpwardhefasindesrat ofitietdyat , al t hough t he
t "first", " ) .b d h ' . el [
el ement s, component s, PESEBRes PR HL BsRRoss L BEBE b e °
| ayer s and/ ptacedotitiomg, cartiessuah thettiesair celhthenawitisn is bgatenson hajds s

d/ ti | it :
a0l ofs Sect BB S o LS USRS B0 oy g™ ©
section froendsof treregd.enent, conponent, region, |ayer or section.

fi scuseed bel ow coul dASFRSALR: e siveiBnis PHEF ets T itisRfnena
regi on, I ay éve eggsean iberdetectad oy aregyring ttganfnabim:agﬁs 0fethete!gggslmf t he
Presert | o AR B A0 5GP ol % R oL BER Rty Sndfhng
specio cal | shermdit rahges of theraggse As known to those skilled in the art of the present
invention, in any given environment, the shell temperature over most of an
egg will approach the temperature of the contents of the egg. For example,
the contents of a Day 17 to 18 egg are about one degree Celsius (°C) higher“
than the temperature of the environment surrounding the egg during
25 incubation. When eggs are removed from an incubator, an egg and its
contents cool slowly to room temperature over a period of about ohe to two
hours. The temperature of an air cell is roughly half way between room
temperature and the temperature of the egg contents. The temperature of the
shell over an air cell drops to a temperature closer to the surrounding
30 environment in less than a minute after an egg is removed from an incubator.
A thermal camera (i.e., an infrared camera) according to some
embodiments of the present invention can detect the air cell in an egg
because of the relatively large temperature differential between the air cell

and surrounding portions of the egg. An air cell facing upwardly will appear in
9



10The term "inverted egg" "as used herein nmeans an egg placed within a
carrier such that the air cell therewithin is |ocated on the bottom

of the eg t the upwardly facing end of the e ..
The term %gﬁg@)sfg?s%sge” egg" as used herein neans an eggT%S%\"(?gaﬂﬂs
within a carrier such that the air cell therewithin is |ocated on a

si de 15portion of the egg and not conpletely at the upwardly or
downwardly facing ends of the egg. According to sone enbodi nents of

the present_i A S ' e | yZzi.ng

e ook R o §20 o] U0 RGP BRI dmaBPLL T

wi t hi n eggsexamplee ablettdebdtirds thendibynetergof2te epgnidverted @ggs ofheardia the

eggs. As known h WL I n e art of resent:- tnventian,

in-any gi ven' 8%@/%%%%%&%%3%&8@ ?gtﬁgrﬁ?@r‘gﬁﬁptebgg\?%rgrﬁ%%fnagpa e‘é’gﬁ'

wi | | appr odlittie bh ectupnzedigtfacieg cboltdreac Bohe mith arf air leell kggtedran the side

exanple, t ont ent f a 17,t0 18 ar bqut _on eqr,

Cor o e’ (O PTG eRmfer Al Pnhel ibgrvEr 4 o Pl B8 sbi6

sur roundi ngpottienefthelegg.ng 25i ncubati on. Wen eggs are renoved from

an incubator, an egg gnd its. coptents cool slowly to roomtenperature

over a period of abo e%ﬁrg'gm 'Bﬁ'f"'\u%?%glﬁ‘sf %tg’oﬁ%%g?%f:ﬁr?%mfﬁ I8 ai r

cell is roughégedabhsvand sidé vireellcgas) decpding torsenaanembhdimempeof titeur e

.of the egg cant s...The t erature of the shell over an air cell

arops o 5 RERger Byarton et B FRRH A bR RS Bl Fel e

| essit han aremouddefrarhtzey inanbatgand plaead\nrts 4n envieonmerdaaingra A

t hermal cangr | nf.rared ca a cor di N

emhoar et SeptParArs ot it EleBRFle AERRIEN il s W movbteg,

egg because(Bibck h@0) Fhistenvirbpmieat geyt heaqeca &raperadireftbatds highler besmihen

the air cell -Su ' tjons he. , LL - | ..facing

upwar dl y wi lpFE‘g%boena{eH%]g?gfuP@ orD Q 'ierjngeratglfe ttha?lselgg.ver ﬁ’l%nathé lﬁc%lbatloﬁ
temperature.

15 As would be understood by one skilled in the art, eggs are
incubated and processed within a carrier, such as an egg flat. Flats may
contain any number of rows, such as seven rows of eggs, with rows of six and
seven being most common. Moreover, eggs in adjacent rows may be parallel
to one anocther, as in a "rectangular” flat, or may be in a staggered

20 relationship, as in an "offset" flat. Examples of suitable commercial flats
include, but are not limited to, the "CHICKMASTER 54" flat, the "JAMESWAY
42" flat and the "JAMESWAY 84" flat (in each case, the number indicates the
number of eggs carried by the flat). Egg flats are well known to those of skill in
the art and need not be described further herein. The terms "flat" and "carrier”

25 are intended to be used interchangeably herein. .

After being removed from an incubator, a thermal image of the
eggs within the carrier is obtained via a thermal camera (i.e., camera
configured to capture infrared wavelength images) (Block 110). An exemplary
thermal image of a plurality of eggs in a carrier is iliustrated in Fig. 2.

- 30 Exemplary therma! cameras that may be utilized in accordance with
embodiments of the present invention include, but are not limited to, the FLIR
ThermoVision® A20 and the FLIR ThermoVision® 320 cameras, available
from FLIR Systems, Inc., Wilsonville, Oregon. Obtaining a thermal image may

include obtaining an image of the upwardly facing surfaces of the eggs,
10



WO 2008/ 088382PCT1US20071017545 a thermal inmage as a cool generally
circular area having a dianeter of, for exanple; about two-thirds the
di aneter of the e I nverted eggs wherein the air cell is |ocated on
t he bottorWszo‘lsf%S% g Will appear in a thernal inmage WPCH/USPROFPESEY
no upwardly facing cool area. Eggs with an air cell |ocated on the
side 5thereof will appear in a thermal inmage with a small cool area
al ong a side portion of the egg. Referring initially to

Fig. 1, methods of detecti live e nver and side air
Foli ey aldaiing AQ Ese shihefovavacn Boho piriscsiadine B T on

are illustrgpamindaflime Jaldfbo@fth@nﬁmmbland dowenwgaty eeromgm:mwi

froman i ncubator and pjaced into enV|rgggent havi a tegrerature

di fferent f&RITS AFHRYUIRY S Pe BMRATIPRRMS eﬁé‘?séaqt GHLLRAN BBk

100) . This eAwibf Ay p ﬁaudbmhmanbamagu@tmaesmmusmse epgdand tiemdl he
I ncubati on terrperature or ate rature that is |ower than the

i ncub&t i on SRR eyl raqegl,@mﬁg TR gxieznaSOYECSRy one skilled in

the art, eggs are incpRatRGmalindie6eheashgd is diditiedand thaern,areamm

an egg flat Flats may contain any nupber of romm&%séigverhr

of eggs, wiehtabsiage @mPe&ﬂWf%E\f‘éW‘qf@I“rfﬁr fach egg ®ggs

I n adj acent gjipake t@%eb@ttﬁé‘irﬁbhﬁét:drp caBk e3§ ¥ hiin désighdted as Ilvelnon five,

"rect angul ar' flat, be iin a stagg ered ZOreI tlons?ié n an’
Mide

"of f set " f|weﬂ§la9rpa5e%a\em9§m%'m"el°=ﬂ* h the;pide of the pga (4 asma'are

not hpm t edcdipg gYh@a a%éﬂﬁmesi&Ra@%mHMBmckhso) JAMESVAY 42" flat
and the "JAMES flat On each_case, Be nug}biI |nd# tes

nunber of eggs carri elngA! W@aﬂﬁ‘éﬂegﬁﬁa"f §abs v IR

those of skjbbrid, mdtmngwebﬁaqiro&e@ﬁplaaéd bsttetesgds GEfbrdeHofEsr"pbﬁbetsﬁ)
The terns "flat" and "carrier" 25are iptended to b

i nter changeQBW“W&Pé’Vﬁ"a"alﬂPt"@Pgﬁé"ﬁysfse‘?FW@f"?'r% %&M% Matlab
thernal i naggagd ThOIBORIW? ewamlsn offee vaisus ﬁg:tasin@@emmedssmgaaad

t hermal canera ., canmera, co ed to ca ure nfrar ed. wavel .engt h
| mgas) (B BERhORevSIRPBER Gl A RIFoBrAIY SRR A3 FrSjenie
eggs in ?hcﬂfdrp!%lggr&a![tbp{étﬁﬁ% at Qldsing d'_fgrﬂagas :ﬁ%&&iltﬂhgm&rﬁhﬁbﬁah edge
camer as at may be utilized jn accordan odi tent s. o

brosent | nubRRa BN HIRRBA I REnaioe it b LR an BT pirize e
Ther Irmt)fl | Si ?Qﬁé&tls:'ﬁ?ﬂeaiﬁd‘std”tﬁ! dddrid. Foe eraviph, mﬂageaaenmm agosion

avail able from

t her mal i naﬁ%“mﬁé“ﬁtu‘c'%aﬂ' %?%M?'H{fvliﬁ“? s cﬁfﬁ bfahe & %f:f[alélb@ghg

sur f ages of itdesitygdeas by allowing warm areas of individual eggs to be isolated.
Since high intensities correspond directly to higher temperatures, Applicants

®)

have found that egg temperatures can be measured without influence from
extraneous material and debris. Image d'ilation adds pixels to the boundaries
of an object in an image in a predefined fashion, increasing the effective
25 object area, while image erosion removes pixels from the boundaries of the
object so that all objects smaller than a predefined area are eroded from the
image. The amount of pixels added or removed is controlled by predefined
elements.
Histogram equalization and histogram stretching may be utilized
30 _ to overcome problems presented by non-constant thermal environments in '
which thermal images are obtained. For example, a technique called
“cont.rast-limited adaptive histogram equalization™ that operates on small
areas in an image, referred to as “tiles”, can be used. Tiles are rectangular

areas of a thermal image and can be described as defined zones of interest.
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10 WD 2008/ 088382PCT/ US2007/ 017545 obt ai ni ng an i mage of the
downwardly facing surfaces of the eggs, or obtaining an i mage of both
t he upwardl y and downvvardly facing surfaces of the eggs Accordin
some errbodwgréwg 8%%2 t he present invention, an egg carr F&HUSEY7BYS

pl aced within an encl osure that shrouds the eggs and thermal 5canera
frominfrared em ssions from external sources. The
thermal imge of the eggs s di g|t|zed and then anal yzed to obtain

surface te rature | (N

U tace t onnDPaHH & 4 fESREpSAal B R ihe 578 SRR HetfRendhifidaf

| i ve/ non- | i egg sitaireatflat Ameqwailzbaum poocELee cao @nhahoe titecbnitrast freeasdtde
of the egg air 10cel | via an identificati

a1 gor ¢ o Heo S 1t Matbbrand of Eadn S5t idford Rabsihgte 3redtpas
obstruct ed histdgratrhdhesa titestedn then bevacotibigedlasing sfof examplep bitidedr
rotten eggs.(referred ta as . "poppers”.). Co rcially avail abl e i mage
anal y§| S prﬁé t'° 38@%"%[%%%5’ '}'R}d??é;’ggy?%be%{ool box, for

exanpl e, offer vari ou®nde yatialis Imagiagpeawmaémgawﬂeéﬁabgmﬂtbm

devel opnent tooI such.as hj st a A4 and retchl

ot phol o1 cHISTORLIMAEF B Sdavirgtns Heaess o abed it eeany
erolsi onéI edgeercontcthe, ehfmmcbf ofen@f maémetfanrﬂxehhah@ﬂ\mfoﬁmbémttheammm |
utilize to.m'nim'z t he, ef fect t ebris. For exanple,
mge a1 ot RS BePlFed G festrined ek o ASERAT WG 8PS AR of e
can he usediivernbodivs, iavertted)ior2idendie eell kgger €as by al | om ng warm ar eas
of individual eggs to be isolated. Since high intensities correspond

directly to higher tenperatures, Applicants have found that egg
t enper at ur e Hendificdtioroigedtted Wi t hout 1 nfl uence from extraneous

i al d debris. I h ' f

o obj act 1 an'i mmgeREEng1d Rl 296> abekfefiod Bt bGRREN R ' °° ©
gf fecti ve 2Besignating aave!'aegg\lasllleednmgwegjrgavexted ;avooetingtoxemef rom t he

oundari es 0
Dound3r | 2 Shnpefn @i Beds At iRbhyabliS 33l hrhBfeBe and gns.
or renoved bpacitydatalfbregds/ing eateer amjlrﬂialgmmﬂectewl(stangmm and each -

I t ' I t

o0l e pr SeBRT Y A AEE R BBl R HY pB clter B Rl ol 07
t her [ral I[ rrftgpacia/rtmtabiBchh@Z) Al ottvea ephs in thet ;whar grecdesidriaded as hve

con rast -
snai | ar eas o U REBARNKT ch BEIEFREI Al RSN s OBl iR, OO
are rect angprtmesaneaé moétrix is penemited thed &eapsl traak ob thedessitiorbeficach egg
defi ned Zonﬁlsthgfca'rrri]ereér?dstth'e éo:l'responding designation of each egg (i.e., live, clear,

missing, cool, cold) (Biock 204),

The thermal-image of the upwardly facing surfaces of the eggs
in the carrier (referred to as the "tob image") captured by the thermal camera
25 is then analyzed to give a single temperature for the center of each egg (Block
206). Then top image temperatures are corrected by calculating the average
difference between the surface temperature of designated clear eggs to
adjacent non-clear eggs and the value'is added to the clear egg surface
temperature (Block 208). The difference between the temperatures of each
30 egg to the average temperature of the surrounding eggs is calculated (Block
210). If the difference is greater than 1.0 °C (i.e., the egg is warmer than its
neighbors), the egg is designated as upside down or inverted in the egg
condition matrix, ie., the egg is identified as an upside down or inverted egg

in the egg condition matrix (Block 212).
12



WO 2008/ 088382PCT/ US20071017545 Thé size of a tile corresponds to the
size of a cradle in which each individual egg sits in a flat. An

equal i zat i\gg%ﬁ)déﬁ)gﬁgyre can enhance the contrast in eac;}icﬁjéﬁds%wagsguat

t he hi st ogr each out put region approxi mates O ede

hi stogram These tiles can then be reconbi ned using, for exanple,
bilinear 5interpolation to elimnate artificially induced boundari es.
Once various imagi ng techni ques have been applied to a thermal inmage

of eggs to reduce theg, e t.s of ' me
the effects of non- cg'nsﬁgaﬁ\% 'ﬁhagre%ﬁﬁ% ﬁ@%gﬁ r?r(gllxs %8{1? %Lejﬁ? ﬁ%ér ﬁ%@gi%rr?ége
can be analiy fedcarsied etarditi axtheWbotiontdrage! neaptuiedbyeigdhameal
10li ve/ non-|ive, inver ' | L1 |

A'gor  t hm IRy TS BEFeadhe HigtEeft datiftes S SERAL oG L Pl
desi gnat i ngB&at foregghasgd (Bledinate)l Eags baving\veverydoldBETr (#iggeygs withe
15 ernpodi ne of, .t he -y ' Nl 1S ] ted.

mag® and BN 2 5 A et R 1arekipg ALY depldRpliras

col I ect ed (Bldb{Blo@OR]6)xTteadifférence betwadretheB3T of eggs designatedeat clear
cl ear, non-clear,. .or J&-sSj . Y (Bl ).
AT ot hor | 8598 I R SREP! Poen BBAPEASR she PRt £ Udbs syRtietds
desi gnat i ospesificlotearedgfthetlamsdesigrated s dine iirs thebegd nendition matiiXyds 20
processi ng. (AP t : LiLLon of
ach ogg | AHEEAPlcck AR SpR sr e Ble SER L B ESIRIa dRotPUbAE
(i.ag |iveggsliethe cairies (Block 220). Theawragdtalcklation excludes eggs

The thermal, | I Acin | e
carrior (rGeet By oo 530 VeRed o EShUTTRLBEGER WonqtivE Bifrbibd 8
camer a 25i saddedrto dimaBBTeof aloclganeggs (Bloak 222)eihe BH Liotinverted,Hoissing: er
of each eg l: gggg rﬁf r by
cal cul ati n%r{cﬁ%oqgégégg%re&]-#g r%ﬁgteﬂ' e ng% e%{éﬁ{eﬁgg gbtggﬁrr%e'ﬁég uﬁr%g' of
desi gnat ed sgjgedhatargnatcleat] missing, cold o ipverted)(Blogn@28he val ue is
added. to the clear e rfégt &ﬁ.ﬁ_,] ditfeRAncetng

di ff'€rence between t %geb err'%gggt_r%?@e%% eac d(%ggég( to tr’fg avg?gge

t enper at ur demperaturasiagrossdicaierqyscareparingiheanedianHBBE ki each oW f  t he
di fference j r 4 : | ' f iah s

nei ghbor s) ,(chhcg egz'ef@g ggrleétr'l%t‘ ge;('cfg %rfs&{;"p?s“f %g?‘g%\%ﬂhgrt“?rﬁ%itae I n %?:Se
egg condi t ifonathtiteriows ang themecasaparing thednediah &S hioraschgswde taewn or
inverted eqgoil)y LlGaGOoTREBAT tehibeiBiufdetor BiAh& e4d€)n edéh row is then

20 boosted by the amount the row's median BST egg is below the overall
average. This operation is performed for all the rows. Corrections are then
performed for the columns of egg in each carrier (Block 228). Column
correction is done by first averaging the median BST eggs for each column
and then comparing the median BST for each column to the overall average.

25 The BST temperatures for all the eggs in each column is then boosted by the
amount the column’s median BST egg is below the overall average. This
operation is performed for all the columns. The differehce between BST of
each egg to the average BST of their neighbors are calculated (Block 230). if
the differences are less -0.7 °C, the eggs are designated as cool in the egg

30 condition matrix and its BST is replaced with the average live temperature
(Block 232). The steps of Blocks 230-232 are repeated until no additional cool
eggs are found. ' '
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WD 2008/ 088382PCT/ US2007/ 017545 - Usi ng the image of the
downwardly facing surfaces of the eggs in the carrier (referred to as

the " bottorréi mage"é captured by the thermal canera, inaP%eF[Process_i_ng
t hereof est 2BPYOREE2 a bott om surface t enperature (BST) 4} S%%{’E’H"é‘&g

(Block 214). Eggs having a very cold BST (e.g., eggs with 5a BST at
| east 2 C cooler than average flat tenperature) are designated as
cold (Block 216). The difference between the BST of eggs desi gnated

as clear eg d e BST of each clear egg' s |live neighbors a , eggs
adj acent to%@%gﬁ%ﬂ%?t—@bg that are designated as live in the
egg condi tion matri x) Acsoiingtd sirad etibodlinie AL the présentirenfion, an
difference is calcul ated for a‘.l @I ear rJFOe %s in the garri-?r Bl. ock
220). The aPapiydesignatedan pKivsdithgey %@% "'E!%%’F‘B—Hﬁt" g cgbtrapisgion of
| puegted or U downgardiprangsagesd pmbnge drmpatetionmasaracs added (o
e 0 -cl ear eggs ocC : e of i.nverted, ssi ng,
bna o d_eglempérafies of Baniiml BoloRe.of K AAHBWBIH GReitH SIS AdReHi
nei ghbor eggggé halowar Bypredetitmingd aFiolBt. TR Braratijakent sghst Rbfeekto
224). 15Corrections. arg the@?g)erformsd Ior the di fferences I.n eg%
terrperature§h"a‘é~‘1’Q%é'r%1"1 HEPRPOTIG 2 pRPMIA FISHE FRAITISH NS BAVE 1 ow
(Bl OC][< 226|) rOL{Hr? hatah reggtﬂrﬁa temperataienatt Eantrl g@@eh ra% %ﬁéfﬁ@owm&mw BST
eggs for a e rgws and.then conparin me or_each ro
Lo e over RANGsurdER Bt O FeraRohamea B2 Tt 2 T fed Bt e Hateh
rﬁw 119 th;alnnamaﬁhgd%bs wihBe @ WaH ive ng.rlﬁ}ﬁlﬁtiéméhd f mpﬁiﬁlirnteﬁ@vé forR] ow
t he overal |l Laverage. i s operatign. is perfor or t he, rows,
Cort act] ons e SHEHNBLIS BRRR A G 52130 Mt hepodaree iR i 1o BRbete:
(B ngock 22?) a r@i—lﬁiﬁbrﬁﬁﬁét@@d gg@.hthaedmm, lappiii:a.ﬁtts rﬁwg_rfa@ﬁdéﬂ\_?k,hﬂ‘teﬁedi ﬁn
eggs for _each colum and.thep,.conparing the ian or _eac
ool umn to ¢ RBTEIR P! I EPa G Se e aUn dre et 4 aagthat & P
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|
all te col GAAL "MEVGiF'P2r ence bet ween BST of each egg to the

average BST of their Betghéotie terpesaiuesbbéggs (nBh eakie? 38 belrfori-he
di fferences are

I -0.72.C th desj ted L in th
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until no adﬂ{e}a;': %Q%J'I c>ﬁ10ta>0rlwa(na ?'d%%%ﬁéﬁ%%délgorithms. according to embodiments

20 of the present invention, take into consideration where an egg is located in a
carrier when analyzing the surface temperature information. In addition,
because multiple carriers are typically incubated at the same time and
typically are arranged in a stack, the position of a carrier in a stack is also
taken into consideration by identification algorithms. According to some

25 embodiments of the present invention, the identification algorithm utilizes an
averaging procedure_ that compares median temperatures of eggs in rows and
columns and adjusts all eggs in a row or column based on the temperature of
the median egg in each row or column. Median temperatures are used

. because they tend to be more statistically stable than average tempera.tures

30 - by avoiding variation from averaging in very high or very low temperatures.

Inverted Egg Designation
According to some embodiments of the present invention, an

egg may be designated as an inverted egg if the temperature of the
14
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eggzldé.“ ro"i@rﬂ?)'%ﬁatﬁfgéj%a iR tﬁﬂbgﬁaéareaérfeﬁea% ib r tbPWafa COI UM

bas on the tenperature o I an In e row or col um.
Medi an t empeedeterminass amaurid Asdivsirated | Qt &nd tb%rnnﬁ imgge of an end of

stati sti caldyed) 4§ %%\‘%&ﬂ‘%ﬁ%ﬁ%@éw&% R a2l Region 12

variation fro vera n.ver or veré_’ﬁ)owte eratures
| nvert ed Eg@dswegnb@rnabregmt&Mhﬁtrrgrcumsgeh@s erntrl fegionfl2; e

present i N\@pl-8RemPBrature of the central region 12 will be lower than the surface
20 temperature of the peripheral region 14. In addition, the two regions (12, 14 in

Fig. 5) typically will each comprise at ieast 10% of the total surface area of the
egg in the thermal image. For example, referring to Fig. 4B, a thermal image
of a flat of éggs is taken from below (Block 310). The image is analyzed to
determine if there are two temperature regions for each egg (Block 312). Eggs

25 with two temperature regions where one region is. 1.0 degree warmer are
designated as inverted (Block 314).

In addition, an egg may be designated as an inverted egq if the
surface temperature of the upwardly facing surface of the egg is higher than
the upwardly facing surface temperatures of adjacent eggs. As discussed with

30 - respect to Fig. 5, the air cell in an egg will act as an insulator and the surface
temperature at the end of an egg where the air cell is located will be cooler
than other portions of the egg. Thus, if an egg is inverted, the air cell will not
be present at the upwardly facing end and the surface temperature of the

upwardly facing end will be higher than that of adjacent eggs that have air
15



egg may be designated as an inverted egg if“the tenperature of the 14
WO 2008/ 088382PCT/ US2007/ 017545 downwardly facing surface of the egg
conpared to the tenperatures of . downwardly facing surfaces of

adj acent e¥§209898838%er by a predeternined anount. Becad$d/{SAWTAHITES
cell of an egg acts as thermal insulation, the air cell end of an egg
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di fferent 15t enper at UreEOrdiRgdo someembedifesnis f g PresepLinventien, an
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peripheral region 14.A¢sprdingiteiseme embodients of Hirpressnt pyeptipnziap  6)

typically Wedd nRylb 865THRARE sian RRGHed QYyf a theminimbge W bamedrfa
of the egg in the thernma

| i,mage. For exanple, referring to Fig., 4B, a
Cher mal | naBRNGRS APEIRY SROiB3 S50 MR AN POREM BT 8 SEIe8 F0F 1 Hive
i mage i s anginpgedtire ol tecapivarly facidiips@faeds highdrahae ta iehtheragire Bs
for each egﬁ‘?((fl ock 3?2%.. . Eggs_25with two tenperature regi ons where
one &gi on M 4OVVRIGHE %ﬁgfacgr e designated as inverted (Bl ack
314). According to some embodiments of the present inventian, an
egg may be designated as an inverted egg if a temperature of the upwardly
facing surface of an egg is uniform thereacross. As discussed above, the
thermal image of an end of an egg having an air cell will appear as illustrated
20 . in Fig. 5 and will not have a uniform temperature thereacross because of the
presence of the air cell. Thus, conversely, the surface temperature of an end

of an egg not having an air cell will be substantially uniform thereacross.

Side Air Cell Eag Designation

25 According to some embodiments of the present invention, an
egg may be designated as a side air cell egg if the temperature at an edge
portion of the egg surface is lower than a temperature of the remaining portion
of the egg surface. As illustrated in Fig. 6, a thermal image of an end of an-
egg 10 having an air cell located not at the end but at a side portion of the egé

30 will appear as two regions: a cooler region 16 at a side portion/region and a

. remaining region 18 that has a higher temperature. This applies to a thermal
image of either the upwardly facing surface of an egg or the downwardly
facing surface of the egg. The term "side portion" is intended to include any

edge and/or side region visible in the thermal image of the top or bottom of an
16



In addition, an egg may be designated as an inverted egg if the
surface tenperature of the upwardly facing surface of the egg is
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t her eacr osscaSathefegy 02 td ratateldsiu itataxim A thermal camera 30 is positioned
above the rotating egg 10 and captures a thermal image of the entire surface

20 of the egg 10 as it rotates about its axis.

Eqq Processing System

Referring to Fig. 8, a block diagram of an egg processing
system 400, according to some embodiments of the present invention, is
25 illustrated. The Hlustrated system 400 includes a conveyor system 410 that
conveys flats (or other carriers) § of eggs 10, and a thermal candling station
420,operably associated with the conveyor system 410 and with a controller
460, that identifies live/non-live eggs, inverted eggs and side air cell eggs as
described above. The illustrated system 400 also includes an egg removal
30 station 430 that is configured to selectively remove eggs (e.g., live or non-live
eggs; inverted eggs, side air cell eggs) from an egg flat 5, and an egg
processing station 440, | . '
In operation, a flat 5 of eggs 10 is conveyed from an incubator to

the thermal candling station 420 via the convéyor systern 410. Various types
17



25According to some enbodi nents of the present invention, an egg may
be designated as a side air cell egg if the tenperature at an edge

portion of urface is lower than a tenperature of the
remai ni ng \5@2&8@%8%3}5 the egg surface. As illustrated i WCE([&MOGNUQ“

thermal image of an end of an egg 10 having an air cell |ocated not
at the end but at a side portion of the egg 30w || appear as two
regions: a cooler region 16 at a side portion/region and a remaining
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for each edmagBlofskmeasm)all tEfgge eggs O inahé ﬁapsr/a&wremgetglm where one
0 o e o B e B 5 2Bk b apobned. °
Ref erring tto obtajn atEemaaltimagesdf theageanily fadi rhgikuﬂéc@@ﬁhb%gbékl@bﬁd om
e e ShpBfPmerhl S B Bl S BELA R Reghl e ot
| ot extper at wavnwegdiyrfacing esuefaces of ta egys 0.1 r&sé&géﬁﬁalcmh@ﬂ‘as%d be
e o o PSR S B RS2 b B gloeto. P Regorin g
to Fig. 7, teggmermybb@rrmhs)uéﬂhef preseat invention a&nﬁbla ltaeeshlicanterdedhce
LDt oL B8 DRI I AU B BB BRSRER R B T, o
exarrpl e, i meggheitheratsbe aame fﬂnb@dlse’ﬁﬂéntlaﬂi? egg 10 i's pI aced bet ween
L L) 800 20 22 L Arkalgl 36 BB P b8 e R 0
canera 30 istatjipnxd20, dreedoramyoe systenr 41@,tthe @ggggnﬁﬂvaamdmoamor eﬁd ehe
;BgL{m! ts ”%%ﬁ sp%céﬁ%ge@tghéﬁ 4§H”l‘ﬁg con{l)'oﬁ ig%%nlllgured to acré:SPa ely and
quickly position the therr_nal camera of the thermal candling station 420
relative to a flat of eggs 10. The controller 460 is configured to store and
20 analyze thermal images of eggs captured by the thermal candling station 420
as described above with respect to Figs. 3A-3C and Figs. 4A-4E.
Alternatively, the controller 460 may transmit captured thermal images to an
external processor for ana-lysis. An operator interface (e.g., a display) 470
may be provided to allow an operator to interact with the controller 460.
25 Eggs designated as non-live, inverted, or side air cell egygs may
be removed from the flat § via egg removal station 430. Alternatively, inverted
eggs may be reoriented within the carrier with the air cell end facing upwardly.
The egg removal station 430 may be a manual station wherein the designated
non-live eggs are removed by hand. Alternatively, the egg removal station 430
30 may operate automatically and robaotically. For example, the egg removal
station 430 may employ suction-type lifting devices as disclosed in U.S.
Patent No. 4,681,063 or in U.S. Patent No. 5,017,003. Various devices and
methods for automatically and robotically removing eggs from a flat and

transporting same to another location may be utilized with embodiments of the
18
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es WET&

it was found that tHe factor contributing most to the high error
stemmed from eggs being identified as “late middle dead” during necropsy.
30 “Late middle dead” as used in our classification describes an embryo that died
between Day 15 and Day 18. Since it can reasonably be assumed that these
“late middle dead” embryos were indeed still live on Day 15.5, the corrected
statistic reads as follows: 99.98 % correcily identified lives, 99.90 % correctly
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The foregoing is illustrative of the present invention and is not to

10

_ this invention have been described, those skilied in the art will readily

appreciate that many modifications are possible in the exemplary

embodiments without materially departing from the novel teachings and

be construed as limiting thereof. Although a few exemplary embodiments of

advantages of this invention. Accordingly, all such modifications are intended

15

to be included within the scope of this invention as defined in the claims. The

invention is defined by the following claims, with equivalents of the claims to

be included therein.
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It was found that the factor contributing nost to the high error
stenmmed fromeggs being identified as "late m ddl e dead" during
necropsy. 30"Late m ddl e dead” as used in our classification

descri bes an enbryo that died between Day 15 and Day 18. Since it can
reeSonably be assuned that these "late m ddl e dead” enbryos were

I ndeed still live on Day 15.5, the corrected statistic reads as

folloms:,3%%%$b%ycgrr%%LLy identified |lives, 99.90 %correctly WO
2008/ 0883 1020871017545 i dentified non-l1ives, and 100 %
correctly identified upside downs. Correctly identified Day 18 Day 15
% Day 15 'A without LM Lives 99.93 9% 99.98 % 99. 98 % Non- Li ves
1. An apparatus for candling eggs, comprising:
a carrier capable of supporting a plurality of eggs;
a thermal imaging camera;
one or more mirrors configured such that the camera, via the mirrors, is able to obtain a
thermal image of both ends of the egg, either at the same time or sequentially; and
a processor in communication with the thermal imaging camera that is configured to
analyze a thermal image of the eggs and obtain surface temperature information for each
egg, wherein the processor is configured to designate an egg as non-live if the surface
temperature of a central region of the downwardly facing surface of an egg compared to

the surface temperature of a central region of the downwardly facing surface of adjacent

eggs is lower by a predetermined amount.

2. The apparatus of claim 1, further comprising a plurality of parallel rollers that are

configured to rotate the eggs as a thermal image is being obtained.

3. A method of candling eggs, comprising:

exposing a plurality of incubated eggs supported within a carrier to an environment
having a temperature different from a temperature at which the eggs were incubated,
obtaining a thermal image of the eggs;

analyzing the thermal image to determine inverted eggs within the carrier,

wherein obtaining a thermal image of the eggs comprises obtaining a thermal image of
downwardly facing surfaces of the eggs in the carrier, and further comprising designating
an egg as an inverted egg if the downwardly facing surface has two regions with
respective different temperatures, and wherein the temperature difference is greater than a

predetermined amount.

4. The method of claim 3, wherein the two regions each comprise at least 10% of the total

surface area of the egg in the thermal image.
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99. 91 % 99.32 % 99. 90 % Upsi de Downs 99. 95% 100. 00 % 100.00 % *L'M =
Late M ddl e Dead (death occurred between Day 15 and Day 18 of

I ncubation) 5 Accuracy is defined as: Accuracy4l* # of msidentified
Eggs * 100 # of total Eggs The foregoing is illustrative of the
present invention and is not to 10be construed as limting thereof.
Al t hough a few exenplary enbodi nents of this invention have been

descri beds T%Q%?eﬁlo%kdfciaﬁgl 'é%h&@@ﬁﬁé&vo"% on£ Sl%f& 4 cai fgg %ﬁt ghat many

nodi fi catl’ ons are
mat eri al Igen@lbepalrfegmg tHat ommmnbm\tbd ceﬁxeabhgmg,Sandwdaemiwamtsagm of this

i nvention. Accordi such, nmodi,fi atlo s are inte d 15.to be
i ncl uded WGFPPFHRNTS fﬁtﬂtgg %%ré ISBLoR[AY Weh@lélﬁﬁa & LGUPSTANEE ?nfﬁ ¢ PREPLPE i

The invengpign. i s defined by the follow ng cI al ms, with equivalents of
the clains to be included therein.

6. The method of claim 3, wherein obtaining a thermal image of the eggs comprises
obtaining a thermal image of downwardly facing surfaces of the eggs in the carrier, and
further comprising designating an egg as a not inverted egg if the temperature of the

downwardly facing surface of the egg is uniform thereacross.

7. A method of candling eggs, comprising;

exposing a plurality of incubated eggs supported within a carrier to an environment
having a temperature different from a temperature at which the eggs were incubated;
obtaining a thermal image of the eggs;

analyzing the thermal image to determine inverted eggs within the carrier,

wherein obtaining a thermal image of the eggs comprises obtaining a thermal image of
upwardly facing surfaces of the eggs in the carrier, and further comprising designating an
egg as an inverted egg if the temperature of the upwardly facing surface of the egg is

uniform thereacross.

8. An apparatus for candling eggs, comprising:

a carrier capable of supporting a plurality of eggs;

a thermal imaging camera;

one or more mirrors configured such that the camera, via the mirrors, is able to obtain a
thermal image of both ends of the egg, either at the same time or sequentially; and

a processor in communication with the thermal imaging camera that is configured to

analyze a thermal image of the eggs to determine inverted eggs within the carrier.
9. The apparatus of claim 8, wherein the thermal imaging camera is configured to obtain

a thermal image of upwardly facing surfaces of the eggs in the carrier, and wherein the

processor is configured to designate an egg as an inverted egg if the surface temperature
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That which is claimed is: 1. An apparatus for candling eggs,
conprising: a carrier capable of supporting a plurality of eggs; a
thermal i maging canera; one or nore mrrors configured such that the
canmera, via the mrrors, is able to obtain a thermal inage of both
ends of the egg, either at the sane tinme or sequentially; and a
processor in comunication with the thermal inmaging canmera that is

configure i 06l in surface
Comperat ur oy AR IR0 RSUIRS LR o SR AR R, S

confi gur gaedstercesidgnatuet.an egg as non-live if the surface tenperature
of a central region of the downwardly facing surface of an egg
conpared to the surface tenperature of a central region of the
downwar di p0. frae bpjerduy §fat@m, wheiearlBo broR8@sr is Sohfedd ¥ aRulate the
predeterm ned anmount. 2. The apparatus of claim 1, further

conpri si rdjffarepea e eantheysurfage temperatyrg pf eack egg stithdhavernse sytaced t o
rotate t . : r | ] j 1 : of
candl i ngng%lgg,gﬁ%%ﬁfpa?l ngpﬁgeggée%(dggg ?ﬁsglélgdt%%u%%lalg%&g?& ?ﬁg Hgg% ee %‘g@%
suppor t edbfithd ¢ggrexacedathre averago swface revipecatre of adj acenhegga by appeicttmed
different froma tenperature at which the eggs were incubat ed;
obtainindH%“Wﬂ;rnal i mge of the eggs; analyzing the thernmal inmage to
determ ne inverted eggs within the carrier, wherein obtaining a

t her mal ina%p of the %g s conprises obtaining a thernal imge of
downwar di Y- ae ppR§r a4 ézg%@ Svhersin g Hermy IWRBING sIppra s copfigured fq plipin
conpri si € o FOVHNE,

facing surPaas Ao arRa ot At Y BB LAOR: b chippRrviuERy

t enper at uressssangcontignei o tdmaparethp eespeaive tahi drfddroénpehérmalmegesto t han

a predeterm ned unt . 4. . The neth f.claim3, wherein.the tw
et ons. R EHORRL irfiee pEER <BBbegPe PibS Spiiviuy PRLE Brbite ¥ Pres
egg in the ibheeddt hé GRgRrature bf ththpwaRlhReEin@kwEiciighigherwiartgé N t he two
regions include a central region and a peripheral region that

ci r cunscrifaerapRpoitbnfepictive ?%Waraw(:famw?%e-t he surface tenperature
of the central region is |ower than the surface tenperature of the
peri pheral region. 6. The nethod of claim 3, wherein obtaining a

t her mal i Wade apparatie faggudlogrmges, sempasingi ni ng a thermal i mage of

A L

t enper at wupp@fedtwichicl ewnwer;dhy f aci ng surface of the egg is uniform

thereacr % gr'ocesZo'r ir'f\ C(grlglglggicci:at?gn wit n‘g—lleitlg]e%mglglgmsa’gin%%gglgli*astlu?tgis: configured to
analyze a thermal image of the eggs to determine inverted eggs within the carrier,
wherein the thermal imaging camera is configured to obtain a thermal image of
downwardly facing surfaces of the eggs in the carrier, and wherein the processor is
configured to designate an egg as an inverted egg if the downwardly facing surface has
two regions with respective different temperatures, and if the temperature difference is

greater than a predetermined amount.

13. The apparatus of claim 12, wherein the thermal imaging camera is configured to
obtain a thermal image of downwardly facing surfaces of the eggs in the carrier, and
wherein the processor is configured to designate an egg as a not inverted egg if the

temperature of the downwardly facing surface of the egg is uniform thereacross.
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exposing a plurality of incubated eggs supported within a carrier to
an environnent having a tenperature different froma tenperature at
whi ch the eggs were incubated; obtaining a thermal imge of the eggs;
anal yzing the thermal inage to determne inverted eggs within the
carrier, wherein obtaining a thermal inage of the eggs conprises
obtaining a thermal inmage of upwardly facing surfaces of the eggs in
the carrier, and further conprising designating an egg as an inverted
egg if the tenperature of the upwardly facing surface of the egg is
uni f or m t HeAeapparsys for@andimgagpacanpssiigr candl i ng eggs, conpri sing:

a carrier_gcapable of supporti | pral i of . eqggs;. a,t her mal
i magi ng ca X S i ra,

o, FERRT nSpedhe SRR honalscd B bl bt B e B i s
via the mupgirked withifbk&rien 80t ain a thermal inmage of both ends of the
egg, either at the sane tinme or. sequentjally; and a processor in
comuni cARTBFFSHRTHR CoRBuRicatiopayith thedhaigelimesing carere thal ixemfisyiBddd t o
anal yze anhyes sralenhgmﬁg%f&Qegg%ggaf&ﬁmﬂghﬁéﬁam@ggg QY@ @ gy Wt hin

the carrier. 9. The apparatus of claim8, wherein the therm

i magi ng cwlreeia thestheord ingagiegicameroistcaningwed toerbiral a theage imhgaipivemardly
facing surf.aces.of t eqgqgs._i,h the carnri.er. and wherein the processor
< cont : aarBa oSt Fr 6885 i Ra R on R EG P s Rob BB BF ace

t enper at Wesign&it ah bgz &0 iaGaRdlegd iftthe chpetiié afe Lpwmelpfating s@face of

adj acent eggs is higher by a predeterm ned anmount. 10. The appar at us
of clai mtb?eWéP&fWﬁ’éreﬁFrB%ssor is configured to calculate the

di fference between the surface tenperature of each egg with the
average surface tenperature of adjacent eggs and to designate an egg
as i nver tlédAimethodor dandling eggpenoatpuisiagof t he egg exceeds the average

surface t ra f L.acent s b r.edet erm ned anpunt. 11.
The appareg(ggsgn%% Hfél %]? o@%&%ﬁe@eﬁg?ﬁ%o%@?ﬁﬁfl aicﬁéj i noganceé1 e r%m%nst

conf i gur edving aabinpératuse differeifromniegapahtutepvanidhythaaghscosnixaalshtad;
facing ends .of the eggs, and wherein the processor is configured to
conpare t éal?légﬁwgiqagbog% e%%??ﬂnther mal i mages to determnine
whi ch surfnaRgingfihE@eing 48adtas dblesniik gggsrhabﬁfmaﬁ et foca®B%nhQide portion
designate an egg as inverted if the tenperature of the upwardly
faci ng sub¢raele i s higher than the tenperature of the respective
downwar dl i.ng: : r f '

conpri si n"gl:lefr%ﬁf) H%}%éﬁ%&ﬁlﬁé& ea#glrlgg Oﬁ%gﬁsreggﬁt[agﬁig% gl:g%ngg@a%erorgal

i mage of dowwardly facyngodfurfaggof sheprpas tnattle vartiby, andafucther doarprismgdesgignating
processor in co ni cat.ion wWith the thermal i in anera that_.is
Gont | gur cth 586 o5 A% & ir CoLIPRRIFS PR gee Bripnal B5gee HahgErbrmeor s
inverted ©@gsoriéd &fithe tAEsBRES is%wermraetbﬂl?&ﬂaﬁlré BEthEBmdifRg bidiok afBka
is configured to obtain a thermal image of downwardly facing surfaces
of the edi§8siagehe carrier, and wherein the processor is configured
to designate an egg as an inverted egg if the downwardly facing
surface has two regions with respective different tenperatures, and

i f the tefpérmethodoliiahilléngenpe, dospgisiegt er t han a predet erm ned anount.
13. The appar.atus of. claim12, . wherein the thermal imging canera is
cont | gur SRPOUTBBEUFTIEof HETTHE SRRTEPOredIs R BTy [ g TeiRfhces. of
the eggs HaWinghQempératued differeelt M@ ratMpdri@rd it TRHSAE ebds WO fcobHt@E to
designate an egg as a not inverted egg if the tenperature of the
downwar dl 8ptaigiag adhesmakimage of thesegeded i s uni f or m t her eacr oss.

analyzing the thermal image to determine eggs having an air cell located on a side portion

thereof,
wherein obtaining a thermal image of the eggs comprises obtaining a thermal image of

upwardly facing surfaces of the eggs in the carrier, and further comprising designating an
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14. An apparatus for candling eggs, conprising: a thernmal inmaging
canera configured to obtain a thermal image of a plurality of eggs
supported within a carrier; and a processor in conmunication with the
thermal imaging canmera that is configured to analyze a thermal image
of the eggs to determne inverted eggs within the carrier, wherein
the thermal imaging canera is configured to obtain a thernmal inage of
upuiar Y SR AGsk Al BEES) RLalbln £908 pbitioh NP AL iihe AR MACHPL Bl

pr ocessor conftrgured to designate an egg as-an I nve egg | the
t enper at uroeti@f ofttheeggomwaiack i 1daeritimn £uamfpanamr@6f thbeenegging powioh bbtheegg
thereacross. 15. A nethod of candling eggs, conprising: exposing a
pIuralltfm8$ S ncubated eggs supported within a carrier to an
environnment having a tenperature different froma tenperature at

whi ch the eggs were incubated; obtaining a thermal inmage of the eggs;
and anal yit %@apn@afﬂméqr@andlmgﬁ@és,mmam@gm ne eggs having an air cell

| ocat ed r wherein obtaining a thermal inage
of the eg laraﬁ%ﬁeggﬁdggﬁg%d&ﬁﬁgﬂéﬁrhermal i mge of downwardly facing
sur f aces othemnin iregysg camdriye carrier, and further conprising

de5|gnat| an as_hay, el |l | ocat d on a si .. on of
fhe Soot IR R mer iRt foniete o R e B spmpiro e Riody 5 £ Pgblait e
| ower t haRerghal BRIREbbhENES of the efE FRhdHahthe RARE tiRe 0P bedubMiagYarilur f ace.
16. A method of candling eggs, conprising: exposing a plurality of

i ncubat edPTREFIOT dEPBREBIANENWihths thesmpl igeging camera it ivsREBeA i ng a
tenper at ngla/gé Hlfehﬁﬁ'[tmia 0t @e E&%E%B %Hé?r?s 2 egg)g)_gramgm? tl\{’}ﬁ S ea

i ncubat e taining a ernal mage o and analyzing t
thermal iaggge to determ ne eggs haV|ng an air cell located on a S|de
portion thereof, wherein obtaining a thermal inmage of the eggs
conpri ses obtaining a thermal imge of upwardly facing surfaces of

the eggs 181 Anhpparatuk f@fcandlifg dops, cb@prisiogpr i si ng desi gnat i ng an egg
as having an air cell located on a side portion of the egg if the
t enper at U BeFHal HNAgigBCaRATE FUHIYTeditn @b @ﬁwaéeaaaesofmdwﬁhtﬁfwéﬁg@

tenperatqﬁ?(gﬁdqggc&ggpﬁgﬂng portion of the egg surface. 17. An
apparatus tor candling eggs, conprising: a plurality of eggs
support ebrpgessor gaeomuannication with the thermal imaging camera that is configured to

analyze a thermal image of the eggs and obtain surface temperature information for each
cge,

wherein the thermal imaging camera is configured to obtain a thermal image of
downwardly facing surfaces of the eggs in the carrier, and wherein the processor is
configured to designate an egg as having an air cell located on a side portion of the egg if
the temperature of a side portion of the egg surface is lower than a temperature of the

remaining portion of the egg surface.

19. An apparatus for candling eggs, comprising:

a thermal imaging camera configured to obtain a thermal image of a plurality of eggs
supported in a carrier; and

processor in communication with the thermal imaging camera that is configured to

analyze a thermal image of the eggs and obtain surface temperature information for each

CE8»
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a thermal imaging camera; one or more nmirrors configured such that
the canera, via the mnors, is able to obtain a thermal inmage of both
ends of the egg, either at the sane tine or sequentially; and
processor in comunication with the thermal inmaging canera that is
configured to analyze a thermal inmage of the eggs and obtain surface
tenperature information for each egg. 18. An apparatus for candling
gy, CONDLLSEhL . . ! N .

R ot TS O g e AL Do AR QUL Be QP ey
pr ocessorfating swiarenofthe eggs iniketvatrive, and evherdin thepgicegpocarmengtrbdito | s
configured to analyze a thermal | of the eqggs obt.ai.n surface
Cenper at SSEHE 87 hd T L g e i Ul PR ST PR gt no
canera i se@péthugiiéRakidpdtibbthd cfdirfiBd isiloReahaf a @eyevaidbymtaci ng
surfaces of the eggs in the carrier, and wherein the processor is
conf i gur demeingaraeeidhe peceyiiaess having an air cell located on a
side portion of the egg if the tenperature of a side portion of the
egg surface is lower than a tenperature of the renmining portion of
t he egg st Theenpatfus Arelamppaalid $8,fi@ror ddshdreig tleghemmat onggingstantgra &

thermal | ing.canmera confiqured.to qbt ai t hermal .| e of a

ol ur al i ¢ yIPeL g G ST BBP RO enBipred syeh it dbssaient iy B pamors, S able
conmuni cabiobfain™ thermhd) emb s BRth ¢n¥B O 1h8 cEANRhE dt ARlsain® tiaRUrisBiiicadallyo
anal yze a thermal imge of the eggs and obtain surface tenperature
information for each egg, wherein the thernmal imaging canera is
configured to obtain a thermal inmge of upwardly facing surfaces of
the eggs in the carrier, and wherein the processor is configured to
designate an egg as having an air cell located on a side portion of
the egg if the tenperature of a side portion of the egg surface is

| ower than a tenperature of the remaining portion of the egg surface.
20. The apparatus of clains 12, 14, 18, 19 or 13, wherein the thermnal
imaging camera is utilized with one or nore min-ors configured such
that the canera, via the mrrors, is able to obtain a thermal inage
of both ends of the egg, either at the sane tinme or sequentially.
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