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METHODS AND APPARATUS FOR CANDLI NG EGGS VI A EMBRYO
HEARTBEAT DETECTI ON FI ELD OF THE | NVENTI ON The present

w0 paefogd2ah rel ates generally to eggs and, nor ePCT/IB2008/002481

particularly, to methods and apparatus for candling
eggs. BACKGROUND Di scrim nati on between poultry eggs
on the basis of sone observablie quality is a

wel | - known and | ong-used practice in the poultry

i ndustry. "Candling"” is a conmon nane for one such
technique, a termwhich has its roots in the origina
practi ce QETHODSCANDIAPPARATYS FORIOANDIING EGGSa
candl e. A§‘T§'Rﬁ6mﬂ“T‘_Tﬁ6§E‘TﬁﬁTTTET‘VTTﬁ‘ETT§_—_—

al t hough egg sNbA EMBRYOHEARTBEATWBETEG i ghti ng
conditions, they are in reallty somewhat translucent,
and when placed in front of direct |light, the contents
of the egg can be olpserRPOF THERINVANINION € to be
hatched to live poultry are typically candled duri

enbr yorhie persest wﬁeh@n felatesaanergivcoaggs and.raere %ﬁrgw'ar'yv to.

to herein as
aﬁoﬁgve eé@!)é %ﬁ}%\%? %“@@{iég 9are renoved from
i ncubation to increase sBACKGROUNIRubat or space. In
many instances it is demé@bl e tointro

subst dMseTmipatiombefweennpaetny §agdsi of & %%%%!eﬁeggaa"ﬁ pBservable
;qgjgi’]@hg% well ﬁB@vh%ﬂ I?ﬁ%% n%éctﬁ:‘éhﬁ‘tﬁé‘ﬁ@ﬁltﬂy%@uﬁw ;‘/‘Candllng"

are enp rcial poultry’i ndust
ﬁ@ad@nﬁmenamt fonanehsuatr texhniquer, at tesmowhiahchasidte ropts in the
grow h rates of. the hatched bir

SR LA GhinbRRKUNGeiH Sgg ameidne TY B8 Sancies As s known
k& tRYSe 'fé‘hﬁratr'\ﬁlﬂ'l ek UARhYEEIS iddRSshallt bppeart @Eagﬂé under most

vitamns. In ovo treat ment Substances and net S are .
dgbhmg beaditiansi tBey pee in neslitysomsybatiransisgpentyand whan placed in

el B e A BT s,

p' er CigyysAaRhicticarehelde Ratckhed & &v@pbolt@ ar’eetypk:bﬂymghdled during
using a punch, drill, etc xt end|

femmon@ndmeégp@enh.t@ ARSI 50 PR Slaite S00s (collectively
é%?rreg% H&feih 'ﬁgﬂ-ll(/@%‘é?b‘) ﬁgﬁ? X& g@?,% dr@FEmblEd f8hRRcubation

cont ai ned t her i ing one or nore
td datrermne amahlsib@mtidhmrosgace hin mw instancexdhjs desirable to

i nj ection device i i scl ose

conaSesiabtr.ae. Ve Giio: gBlo e B e Bygr to hateh

ﬁpﬁct%Her)ﬁfatrio% sﬂ%ﬁﬁn%eb htd d‘\ﬁlé??é’g%@bﬁi ePpidyed ih theeésthmercial
and 1's designed for the

poultry industry to decrease post-hatch mortallty rates or increase the growth
rates of the hatched bird. Examples of substances that have been used for, or
proposed for, in ovo injection include vaccines, antibiotics and vitamins. In ovo
treatment substances and methods are described in U.S. Pat. No. 4,458,630 to
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, etc.), extending an injection
needle through the hole and into the interior of the egg (and in some cases into

the avian embryo contained therein), and injecting one or more treatment

substances through the needle. An example of an injection device is disclosed in
U.S. Pat. No. 4,681,063 to Hebrank. This device positions an egg and an
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speed automated injection of a plurality of eggs. The
sel ection of both the site and tine of injection

wo ewabsemt can al so i npact the effectiveness oPCT/IB2008/002481

i njected substance, as well as the nortality rate of
the injected eggs or treated enbryos. See, for
exanple, U S. Pat. No. 4,458,630 to Sharnma et al.,

U S Pat. No. 4,681 ,063 to brank, and U.S. Pat. No.
5,158,038 to Sheeks et al. In conmercial poultry
production, typically only about 60%to 90% of

T Wl N T A e
f:s,g)'ébb! ARBFhA89 ik &idn 8PN PIstaRY-of lega! Thessetdton®bboth the site

nmprise fromabout 5% up to about "25% of all eggs in_
ansdime Diénjectiarmtreatmgrdcaofalsoimpact the gffestivengasofdae injected

oSBT Sh o o BARY 1568 o P HERRR Yaghe embryos.
R, BF dxXaPRASIBE LS S Past RBC 4458633 4o BRdPsa BttdlQdUrPat. No.
live eggs and sel ectively injecting only

identif

:4i,6?&r31 ,Iegélstg iepraak, anthlUeS. Rate No. §r1353)6§% to Sheeke ftidhns

wh it i [ t ' i, ' 0 0
o 1 10 ekfgiePaRl boR, oBlofil pRaIg R gbcih 60816 90% of
ebhirherialoroderedasrhatei.iByysthatde nottestch indludeceggmthat were not

referred to as "vaccine productio ,eggs"é{,! For .
lized, anwelesiedilizad @des thathrie died: nfelie s9gsiargomprise

e : _ ot _ ]
Beh SpEGE 8983 bt 25 1 60, 5B ¢ fier ofron
HiVé e@gigs geridoeintéred Sn tcongmereidl groudtiop produatiotaytse increasing use of

RSB R AR LTS 4R e ik g,
C. aled ﬁ@?ﬁé@%rbiagfﬁﬁ@idgﬂi@@@gga ad sefatidel injiscting only live

Iitate renoval non-1ive éggs. Vacci ne
pgosiustdesirablgys may be candl ed one or nore days prior

(2|85 BhehaDRhubhE Y BRIE ool st Renty e
BRE AbREIVe! eg'd®. drsd ofthbse bpplicationstis Sive dulisation antir@nvesting of
being wasted in non-live eggs, to reduce costs

vaeeieliverggs (felespd te By varengi IpEYFtien 69980 For gxample.
. e . . . i i 0 .

i, AR pbO=CEEciE 9 QEeoR g 3y, FORLPY Bgkfus o -
chiicleén atjcs at abost aayoelesgn nof embayeniasdévelopmgnt t(Pay-11 egg),
i ncl udes a. candling, stati and an i nocul at.ion .
alloiving e ¥irs oV iar aRguEtus Hays, SuthRgizIng e rabpigy cooling
e inttBeRGiahvflgane anffctdHuR fRUARAGRYATIpicalCggs are
mar any eggs considered non-live. Non-live eggs are
candied Ibeforenpjestionaffa seethoirugde faciitatenesyanal ad namelive eggs.
i, nocul ati(ﬂﬂ:station. . C
Vaccine production eggs may be candled one or more days prior to injection of a
seed virus therein. ldentification of live eggs in vaccine production is important
because it is desirable to prevent seed vaccine from being wasted in non-live
eggs, to reduce costs associated with transporting and disposing of non-live
eggs, and to reduce the possibility of contamination from non-live eggs.

U.S. Pat. No. 3,616,262 to Coady et al. discloses a conveying apparatus
for eggs that includes a candling station and an inoculation station. At the

candling station, light is projected through the eggs and assessed by a human
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U S. Patent Nos. 4,955,728 and 4,914,672, both to
Hebr ank, describe a candling apparatus that uses

wo pdovateds det ectors and the i nfrared radi ati onPenig20e8102481

froman egg to distinguish live frominfertile eggs.

U S. Patent No. 5,745,228 to Hebrank et al. describes
a candling apparatus that incBudes a phot odetector and
a photoemtter that are configured to be positioned on
opposite sides of an egg. Light is generated in short
bursts from each photoem tter and the correspondi ng

Eetaxdetvm Arark®any eygs mbnd;lderdcﬁnmhveemﬁ\l'meggs are manually
otoem tter |s operational. Aflat of

oY o beiqre the egesete cReveyedin the 'f\ﬁ?wggﬂg Station.
candl g F"Pf@{ﬁ\fq‘f‘ 4"‘?551798‘%%%@?@5? rtBQ-Iéﬁ\"afwr, describe a
e at least 4 a

acti ve ‘whi dj acent rabl
oamdling @pparatwtbaqusﬁmﬁ'ated cﬂhtbcty)m dmhﬂiebafnare@patjsaﬁ))n emitted

bt cBdh A masisTive ot ateieaase Mo e o, 8%745,228 to
ﬁ@bﬁlﬁo‘( é\pal @eﬁﬁeg%%ér%hh@%ﬁﬁl‘atd ﬁﬁt'lﬂlﬂﬁdésaﬂﬁhb{&jetector and

and appar at us wherel n cyc Ical variation in
aiphbtoamittenhatyare configured tothe positnnadoen oppasitesides of an egg.

BidhEiastheSoueih SPhr iR IR RFH ahOubi BB b HE 66l Bgoncing
&ﬁ@bﬁ@té&oﬂhbﬁ%ﬂs%dé uwléowégpbr@ﬁhgeﬂ@otb@nﬁﬁérwbgéﬁauonal Aflat

nbryo nmovenent, and then neasuring resulting e
mfoa@ﬁemcormn@@usly "scanoegoas ittrgoves threegh ithe @ﬁﬁfiyreg apparatus

6 e e EbAR A BRI 16 BT S i Brdony o
Gtaef, q:rams(bderquiescemarsh en{/i ronnments that can

pot entia af fect sensitive el ectronic copponents
RS veatben t (RS ecre R AT GROWR BRI s detect

If\T/%t Fggé sl 2Hgh @rS WcEMfa‘i‘gd Ftd?aéxéuf\ﬁlebeu S. Pa}t/ent No.

ed In the ars environnents o
maao @bedo hbetofbnk)de‘saubés casdling\owthadsgnd capsmmetus wherein

enbodi nents of .t he ent inven |on apparat us for

canaIYRTCHgeiatep bt reastY At he; SiMRRGe i ar embryo
end; at |east one |ight source conf| gured to em t

visible Il%zht fromthe housing free end and illum nate

an edy SpHatentdhed,4dp 43 o Mischeldessiibes @ methodatdetermining

Vﬁ&i%&ﬁ@g%% f‘ﬁﬁgr"v@ ,{QES’JW& Pél'ﬁlnfgrlfg‘?\t ﬁﬂg a%hé?‘ég to stimulate

embryo movement, and then measuring resulting embryo movement.

Electrical components utilized in embryo heartbeat detection technology
can be sensitive to the environment. Unfortunately, egg candling is typically
performed in wet, harsh environments that can potentially affect sensitive
electronic components.

SUMMARY

In view of the above discussion, egg candling methods and apparatus are
provided that can be utilized in the wet, harsh environments of a hatchery and
other poultry facilities. According to some embodiments of the present invention,
an apparatus for candling eggs includes a waterproof housing having a free end;
at least one light source configured to emit visible light from the housing free end

and illuminate an egg positioned adjacent to the housing free end; and a
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corresponding to intensity of light fromthe at | east
one |ight source |eaving the egg. The photodetector is

webioehdeas from external |ight and from direct PETIME2008/002481

fromthe at | east one |light source. The at |east one

l'ight source is disposed within the housing and enmits
visible light within a range -4f between 600 nM and 740

nM t hrough a transparent wi ndow. The photodetector is

di sposed within the housing and receives |ight |eaving

an egg through the transparent w ndow. In sone

phbtatieteatos , at Hiee alnousaragtfreeueemdi dtivat sgeneretesriars output signal

HniieshSaghl o isbrher(igrtiin The AEIRERRRE WonERO MG Fadng the
eggaThe qiwot&i@téétbm sHigded fidriPextdiaal light anafficn H@r@ci Iﬁfght from

emt visible light with a peak intensity at one of

the adeastonelightaeyress Thexd least gedightisopse lﬁMlsmde@@m the

fdtisait BT3RS it AGARLE SrpREEhEOd Ml 740 oM
ffbugkal tmmsrpelr@itlvﬂnd@weTleevﬁhbtodEItatbuusmpmd wnthln the housing
confrgured to shield the ot odet ect or from ext ernal

ANgreceiNgs lightieavingan e9g ﬁiropge the fangparesd yindaw.
| irght ngB ﬁﬂ"’b‘&dﬁ'ﬂé‘ﬁtsemg& T%;gt%neall 05578 erhits visible light
wtnin the e proc

di spose housi ng SsSOr processes
withipua rangeaf between 6he nhanddz2@ alvbrintsome enmbddiments, the at

(6pst palioh spatoecn 2 iohtieghitng: Sioks (P L it cénfgnred to emit
iR REREWRA cPBCATRLIRMYhe bIIROBRAORIRG TR biS 25 M,

processor rray SO proceéss output signals fromt
Whh’deﬁﬁémer and 69deri¥li fy non-cyclical variations in

l'i gh wh | i cal
[ ohtArRpBRERbl bR TeRRIALE 1aidlal 0 18 ha0SnE req end and
.@tc,*cbemgaféwfb SRdgdge 8h egadn Rfom@dttngl iRNSHYH tarewih. The bumper is

apparatus for candling gs includes a waterpro
cmjtgun@d mwh@d the pa@togegeo;tpt frogn ﬁK’@rﬁ@@'a'rgfﬁtaﬂM ﬁ@mﬂﬂlrﬁct light

fgcﬁrhr IQQ% 88&'” Z éc?hrgéS?’rﬁ)ss%%g‘”%rﬂbgdm@n@g%w&essor is

sou I'S Con ur ed em-t

dls;gd%ed/\mvithirilhe hausysg. Oof héthomeoﬁﬁﬂm’d‘dlseed)uTﬁm mgﬁalsrfrom the
housi nqpfree end throu t he ndow and. il l u

rawt@@gteﬁw iidertfy sipiead verie htjovmn angswaweavwam aCyclical
\%F%EBFIE?@?ighpfntéﬁsnf}ﬂﬁbfdai’éheﬁé"ﬁhg dhde6r mmﬁkgo%ul%‘% some

ree en et ween alr o t sources
egnhedumeﬁsamh@upmessmrgnaay c@lsoepptm&SSng)lltput tségnals from the

ensi t f.light from | ight sour.c av
iuocsiRetas o g cebroyioatyairaliany o R ‘Whgfein non-
c?@ﬁ"(faﬂ %hﬁt.bﬁ@tn hgr@thﬁtefnrsﬂmﬁd]saﬂe ERbrfPHicRmamta a
epl aceabl e bunper renpvab

Accordlng to other embodlments of the present invention, an apparatus for
candling eggs includes a waterproof housing having a free end with a
transparent window. A pair of light sources is disposed within the housing and
each light source is configured to emit visible light within a range of between 600
nM and 740 nM from the housing free end through the window and illuminate an
egg positioned adjacent to the housing free end. A photodetector is positioned
within the housing at the free end between the pair of light sources and
generates an output signal corresponding to the intensity of light from the light

sources leaving the egg. The photodetector is shielded from external light and
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secured to the housing free end. A processor is
di sposed within the housing and is configured to

w@emesse4duUt put signals fromthe phot odet ect or P¢DIB2008/002481

identify cyclical variations in light intensity,

wherein a cyclical variation in [ight intensity

i ndi cates the exi stence of anr5enbryo pulse. In sone

enbodi ments of the present invention, the processor
processes output signals fromthe photodetector to
identify non-cyclical variations in light intensity,

froer direchlightciyomi thel lighatr saurces via a feiptddeable eosiger removably

|nd|ctee venen According.to further .
SRS S IS MOy G Tog BTk APTPRGSRT s BaseiBin the housing and

PRt 6 e B D g g

Vveriations|ivdight iotensity gvhe ez acycheal variation indight intensity indicates

e’ Ekae G6ommarHRRo aulsayhy somenEmbedimeny 6 AR Gresent

|ﬁt¢e|'11‘?(?r§t theNSrdced8br prItcE8es BritEG ighalsfr&MmSiHeY Wﬁﬁétodetector to
l'eaving the egg via the photodetector, erein

maet:f;ymrbdmh@at \ariationstin ightdatensisynvhersinnon-cydical eatiations in

SR EHERBRE s ssnb O BRI AeRL “cor r esponds to
det ecAesbrdirghto fuptherehibodimeatsofbegsesent sheeﬁMmté method of
signal to identify cycljcal and/or non-cyclica

cendiingieges inpludeght  PARsiEiABINGAN 6B@ Adijacen a|ffe,ea¢nd of a detector
té?f %te'rtr%@‘cthé '?jelte%cﬂm tdo'i‘hs%ﬁ{ @és{ o ﬁ@%tesq'i.u'?ge ?ﬁh ¥ fHtt6detector;

erern non

|Mﬁhlrﬁtmgrtlae|elggl wighhvisible gt w&hmra:hrar@ee)femtwgen 600 nM and 740
nmovene

me enbodi nent s, [ | um nat
W1 s roF SBRLHRR 81 1 IRt QP SRUTeR) celbeting gttty of light
|éé\9ﬁ@ @vrmh% t@&éteeto?%ﬁ nﬂn@fpﬁokwd&e%? rsbgn.euded from

such” as or exanpl e, teVISI I'e and/or infrared
qmtt&rn'ablw@t@‘nd ﬂn@rmpe&ntm'ht fronctbedithepstonet light source; generating

EapronggBer horediids A dF SRl B s 67 BBt ogSing the
outss sﬁ@ﬁ’al%tlbeﬁtlfyr@&ﬁé&fﬁﬁloﬂm ybndél waﬂtaﬁdﬁé @¢light intensity,

positioned within the housing he free end and
\Ad@rﬁ@lnatY@QCngaﬂﬁt\@unﬁ lamghtaqnt@wtfyeeg@ﬁtﬁ t’ﬂy exystense of an embryo

pé’gstcfe%& }Mh ?ilgdgp ({JC%%@V As Hn s%u m [ re@? rH?(S%tF embryo
mdvaiméte Ihl gdsmeseumumeatsa mmpirmtmgbtr&a lgygoevith light includes
0P G 90 PHMHOPHEORLAIS StyareISs ol dans @t s spectrum
SHERS8:py e P14 AT M AREIRAAAE L FinG Specrum

wher é«cnouad mgtd other emdoodirnents df the pgalsent m/enhmm,yan apparatus for
i ndi cates the existence, ofan_ e

RS 0 MHTES %, WatsRbr s Bavs Ba” eRiBa, o B gnd with @
transparent window. A photodetector is positioned within the housing at the free
end and generates an output signal corresponding to the intensity of light from a
light source leaving the egg. The photodetector is shielded from direct light from
the light source via a replaceable bumper removably secured to the housing free
end. A processor is disposed within the housing and is configured to process
output signals from the photodetector to identify cyclical variations in light

intensity, wherein a cyclical variation in light intensity indicates the existence of
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processes output signals fromthe photodetector to
identify non-cyclical variations in light intensity,

wob@oeian4non-cycl i cal variations in |ight intepsi/IB2008/002481

i ndi cate enbryo novenent. According to further

enbodi nents of the present invention, a nmethod of
candl i ng eggs includes contacging an egg with a free
end of a detector tool, wherein a bunper is secured to
the detector tool free end; illumnating the egg with
visible light within a range of between 600 nM and 740

aMembn® ﬂ)lﬁlséltlnwme:embddtrﬁ@rﬁt'smthmpme'ﬂt mvehtnblh ahe processor
Wi t hin

| h h
RELasees. UL SRS, oMeianGROIRIGEREF  10s Idstiy daen-oyciical
Léﬁé‘ﬂ.&ﬁg % Ui 'ht Q%ngﬂ)ﬁ%hgﬁelﬁ r%ﬁ-c?(ﬁ?é?ﬁ%a?’éﬁoﬁ@?n light intensity

nper ; gen out put signa at correspo
trmilcmemmbxyolmghement ensity; and processing the output
si gna

var atosRI0G b hutheramealimepts gh e rseyt inveRtion, a method of
UahaIRig oggs, Iréildednt  IcBheRdinYarl 884 Withea fr88 &My ot BEfctor tool,

an e 0] pu Se, n- cyc i cal
whereinizobgmiper s sﬁnurednt@ﬂm detectatitoat ikee epdy dluminating the egg

SRS SREe teR R thinatranoeipt aueen POB pBT aH8 28 it i 4 igrt source:
goRtifg ntdhsm émight IdabmgtheeRfitvia B\phiotddetector Withidthe detector

illustrates the free end of the detector tool of

F
toohiwhereitttheaiciedetsrior isiapeldaddreratitest ightfram the llght source

%5?@% { glrm olgeﬁgréﬁngugraf)%qﬁ] igﬂ'gal frtlé%tl aCF@s[ﬂ%fndg}‘B detected light

ihesmsityglahd prodessirigthe ottt sidrial t@identify oydlieal and/or non cyclical

cross-sectional view of the free end of the det ec

vastatiops iplight intensity, wheseinrrycliedl variationedn light lmeew indicate
| Lugt ti

(B8 AGntt of RPN Rllse) oA REICHE nERTRAbE Pridtiditin light

ihtennsityp gndiedlienembho osesy@atent wi ndow. Fig. 4 is a

ot hor - embodi merB BT CERRCRTRLIN et FREWIRGS 5.
i1 Uq*lbatﬁﬁs té"%é‘ré&&:tﬁédvi@f/v ohea dﬁté@tb?rtobpoéc&frdlﬁ@to some

4 withthe replaceabl e bunper renovably secured
areodiments gf traaptelaeu&,tnvgn&;gnt he free end of the

det eclig! 20lisRhtes! e flalldiil bPIné YUEEEF 61 BHIRE 1 with the

reno
replaceable bumper removably secured thereto.

Fig. 2b illustrates the free end of the detector tool of Fig. 1 with the
replaceable bumper removed from the free end.

Fig. 3 is a side, cross-sectional view of the free end of the detector tool of
Fig. 1, illustrating the replaceable bumper in contact with an egg and illustrating
the pair of light sources and the photodetector disposed within the housing
behind the transparent window.

Fig. 4 is a perspective view of a detector tool, according to other
embodiments of the present invention.

Fig. 5a illustrates the free end of the detector tool of Fig. 4 with the

replaceable bumper removably secured thereto.
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Fig. 6 is a side, cross-sectional view of the free end
of the detector tool of Fig. 4, illustrating the

wo epbaceabl e bunper in contact with an egg andpPCT/IB2008/002481

illustrating the photodetector disposed within the
housi ng behi nd the transparent w ndow. DETAI LED
DESCRI PTI ON The present invention now is described
more fully hereinafter with reference to the
acconpanyi ng drawi ngs, in which enbodinents of the
i nvention are shown. This invention may, however,

erbod g RNtk thE RIS ohal dPwa"donl ol 8t fﬁs 4 vith the
RIa¢dnble dunsder rehrsvedardindhatigeserrt.e provi ded so t hat

this disclosure will be thorough and conplete, and
wi | | Fig4Gisasideycrope-sestipral yjew ﬁétherfm@n%ﬁfm deigster tool of

?rdé &ﬁﬂs&%}{ﬁg%%@lﬁla%éﬁ? EHHP)%FR {écgrﬁtg tt‘ hh%? and illustrating
e preotodetentor, dlkmcﬁwuthmmheﬂmulsmg béhmd nhe tmnsparent window.

features may be exaggerated for clarity. Broken |ines
illustrate optional features or operations unless

speci fied otherw sep E’°f*AILg Eg@m@ﬁ ONPat ent

appl i cations, patents references nentioned
her ei 'ﬁharprelsanbnmmmmd nber & wesgribed enere dully heteinafter with

R ST R
are dHwn. MRS dR&éntien bﬁa* | B e, BE e‘h'iﬁbdléd Whaﬁl}ﬁ dlﬁ‘érent forms

used herein, the singular forms ,
anck shouldnaeidbe eonsttuedas: liited e athefemh@dlasewtelset forth herein;

A hese AR B Binkid i b6 B0 B 053 it thorougn
aéempletorand willfally cohesy theestdpe dfithe imaation toahbee skilled in
speci fy the presence of stated features, steps,

tbp@rhat i ons, el enents, and/or conponents, but do not

prechyge 4 d?ﬁb@fseﬁe%eﬁoqu @FQrﬁ{en‘i’t@ mroeaﬁo&r IAOe ﬁgn@s the

f eat ur es, oper at1 ons enent s, nmponent
thnklhess gf canalrt lireesg ddyerds cusmd)rieetgderrteh&s berfeatures may be

and/or" ,includes any and a 0 |ntio f one or .
sraPgeted 115 Hiaahe Eapken ines dinstilortand] Bafused G Gperations
m i oftferwit! VBEpuBficiitidny pé!é‘i'it a ﬁhé\ﬁﬁfhsﬁ%lﬂén% and

shoul d beinterpreted to i1 nclude used
dhreaererefarepmamtneued hasemtasempamd hxr@m @Wefefeac\e in their

Igetween about X and about Y." As used herein, phrases
e§UE‘ﬁ'e§s ‘fromabout X to Y' nean "from about X to

aboutThé. ferminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. As used
herein, the singular forms "a", "an" and "the" are intended to include the plural
forms as well, unless the context clearly 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, steps, operations,
elements, and/or components, but do not preclude the presence or addition of
one or more other features, 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 Y" and "between about X and Y" should be
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Unl ess ot herwi se defined, all terns (including
technical and scientific terns) used herein have the

WG 2000/08230i Nng as commonly understood by one of POr/IB20e8/002481

skill in the art to which this invention belongs. It
will be further understood that terns, such as those
defined in commonly used dictgonaries, should be
interpreted as having a neaning that is consistent
with their meaning in the context of the specification
and rel evant art and should not be interpreted in an

ihg(?e@k%t%%qo‘?ﬁcl&ygmdf\grm?&ﬁﬁ?@idJ, HrSSe SXREHESS 'Heti@en about

herein. known ctions or constructions

Xedot meandbstwadneabdut Xdaridhatoutof." Asasietheseid/ phrases such as
"#mderst 0 en an elenent is

clarity. 1|1 be t hat
e aboyt %to&l BePAg roghapou&?{%eﬁgﬂwt o, "connected"
to, " EJHPéQsegi'he%Eg' defiridd, 2f teiths (iféfadin fsuHMidal and scientific

el enent, 1t can directly on, attached to, connected
teomsy nsed dereinthiave the samagneaningtas earhamondy endenstend by one of

TP TRt B T BBy TRAHIERnSeiqngd. TR further
utidretddd/ i termsli SRRt Ay tHiddeddémitd rocomdhdrilg tusigd dictionaries,

connected" to, " di rectly coupled” with or "directly .
shotdbeiintgrpeated Be hagingrasmeaningthat ig conristent withdheingreaning

el enent resen l. i L '

SARERPH o i basdtcalah' | Ry BPPARELGORE b o iRForetes
ih e idealizédbr bverdll opoakserswiniessexprerslso deinedherein. Well-
may have portions that overlap or underlje the .

kgivere Bimctipag on eenstaptionaImay pel ke described ip delgildar brevity and/or
"mger", "bel ow', "lower", "over", "upper" and the

9 , may be used herein for ease of description to

descrlit hdll beaureleesteot that When anetlemeritas refesieidtotas being “on”,

th | t f eqt il ]
‘Bhgered oy Tepnediedt tnercoudiat nitine neodiaeingf 6. Bhotner
disin@dht VR &t 'E%f a{rﬁceﬂy&bﬁﬂ@ﬁﬁ_ch@d QBC QoPnested td.eeqipled with or

orientations o evyce |n.use or operatlon N
cantictingnthecothiee elsmenttartintaiveripoleaents may alsglrepresent. In

F le if the.devi . . < )
GRS PR o b SRR oL A oERLIGE skl ey on,
"giresthnhttadtied"as! direstyeohnledtodntd) edivectincaspledvwith or hairectly
ot her” el ements or features. Thus, the exenplary t

coptansing” cawthercdamess thekenaemna itenEning Flaments,aiesent. It wil
UG el p LTSN P SETAEHERt ¥ g spoure o
featatre ahhy iv eispiosed 'Gelfavenyt ansthescféatuneemayi haee paetiens that
o g S i it By Tom a2

Spatially relative terms, such as "under”, "below", "lower”, "over", "upper” and the
like, may be used herein for ease of description to describe one element or
feature's relationship to another element(s) or feature(s) as illustrated in the
figures. It 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 "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
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and the |like are used herein for the purpose of
expl anation only unless specifically indicated

wordeenwni2se. It will be understood that, althoupdiT/1B2€08/002481

terms "first", "second", etc. nmay be used herein to
descri be various el enents, conponents, regions, |ayers
and/ or sections, these elenenbs, conponents, regions,

| ayers and/ or sections shoul d”not be linmited by these
terns. These terns are only used to distinguish one

el ement, conponent, region, |layer or section from

h I nt , " ' '
e T FRERe rafRBRRG sk SHeREd (R 0 EbegBr at other
SAEhIaBBNE) Erds tesl Spritiony creldtieatisscriptotseused herein interpreted
"second" el ement, conponent, region, |ayer or secti

accordingly symileringheteims pwasdyhi "dewnwardlye "Yﬁrgggl'r',t"?\grizontal"

. . T ; ;
Y el e AreCupRE et Yor JRE IrhBRS ¢ ExBiafiafion Sniy unless
§panificsiyuntieatedpthairiviseal | y i ndi cated ot herwi se.

Met hods .and apparat us, accor di t di t . Lh
preselwill e yﬁ%@&?@ﬁﬁ%%ﬂ%ﬁqdﬁaa ??’g?%h%ﬁ%ﬂ?g?% A", eté-may be

LSBT/ gL O s S gingity, eonel s ancior
sectionst thesepsements, dempohients reguins, ayeps epdfar sections should

o 50 B B ASte |aThs, ShesB ol b BBl gshadien one
ér#émégg &SHRpSRERLY Féfq'ién dsy&l srREBdN REH é?ﬂ)thérréléﬁféin?.iwﬁmponent,

. s and apparat us according to enbodi nents of the
regéwerayémeesection.milyusea Ufrst! elemeningomppeenbfregignaayer or

S QAL A Bt g pmore
iRlgfon, AGy&out ebford Mot @iEpabting iens ke teathings lof thetpresent

edgs are_incubated and processed within a carrie

ipuemtians Hie sgguenee of mnarations (QosieRs) imApt limitsct to,the order
e ' r; '

R EHATNSS, ASs ooty et Sikran.

rows Ma;hdlzﬁs pa}glabbphratos ocaccondioghto .emlsodiments of the present

"rectangular" flat, or m e jn.a. st d .

eaacroaN B et o tapsgiebeidentinine NERE nee-ye eogs atany

(iSRS TR gy Gbo el gemasioliethprac)

Embodimerits aftsy\present inventionrareaut ligitas toridentilieation only at a

I ndi cates the nunber of s.carrie t he. . :
PGB 15 LB, BRI B el | ld e fonie
diRRbpMEntO HeiRRIC! Irpastidition henethedsi and Tapphrits ‘attetding to
and “carrier" are int e.nded'.t o be used interchangeably )
embodiments of the present invention may be used with any types of avian
eggs including, but not limited to, chicken, turkey, duck, geese, quail, pheasant
eggs, exotic bird eggs, etc.

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 another, as in
a "rectangular” flat, or may be in a staggered 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
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herein. Referring nowto Fig. 1, a detector tool 10
for use in candling eggs, according to sone

wepiomi4ent s of the present invention, is ill uBCT/ER20e8/002481

The illustrated detector tool 10 is conf| gured for use
in an automated candl i ng apparatus such as, but not
limted to, the Egg Rermver([,} system from Enbr ex,
Inc., Durham North Carolina. Qn operation, a
plurality of the detector tools 10, arranged in an
array, are utilized to candle a respective array of

R P A e it ios o e o E0o
iflaweatd well kfﬁbwmtb kheder @ﬁs%klil ndnethetartoand oedd mot be dleedretsecbfurther

substanti al |l y waterproof ho SI n 12 Wi t h
heeginehheteras diiahn agdo caHield &t d%qhgo wtqerchaggeably

ggg?o i bed bel ow, the free end 14 |s conflgured to be

ioned in contacting relationship with an egg. The

di st alRefertinnow tat Fig: b da tdetector 4oe 1hdor uaedescandiing eggs,
| owers the detector too rel ati Ve

agRerEing 1 5aGEm BRIt §T HeCRiacREt vapdeR ol Eiraed.

the hay mastdtddSdaectirasbl 10as oMigarekd feroas&iimiangautomated
wiring that connects the various el ectrical conpanents

candlmmanpmatwﬁ sughhas d:mté‘@[t imiteddp, the Bgg Remover® system from

Ireglnlj' QHF/ i ,Slgoaﬁrg\%gf ﬁérfg @bﬂ%ﬁgﬁg gﬁ?lglsall%of?‘the detector

fdis Hbdarranbéé iBh apfay. Bee DEiRERNMo candtota l@Spectlve array of eggs
Enbodi ments of the present inventjon are not

sopporeed by astaggicadriels asivuid beanderstond bydhese 6'?"?@81 the art of
Msg&g@ﬁwe}qgg detector tool housing 12 nay have

apes, sizes and configurations w thout _
| mi t ThiedltustrBited deteetqrtooi10Hndsdey asabptantially waterproof housing

e S, ok UL Gl R 2 v o
gé'éérﬂﬂaocﬁgﬁw Re frod é‘ﬁ(? AN @fcdrﬁ@lu%‘d %6 bR péQﬁbﬁed@n bAtacting

supported in a generally vertic orientation via a
felativnsivip vithen eggPhetdisial apdti6ris ettachedinia figgne that raises and

SERL B543e SRIERL RS 4 B TRLARLE e o
tHRRYRI endl ABIOY tHEROUSIRG QQh@énte%&tﬁcélQ:alﬂW1beontamlng wiring that

configured to be lowered and raised relative to ‘S/lﬂ@?g
wmmttmarmsalﬁ@rucalétompwemé&pgtalneféMv'téw gtor tool 10
\gﬂh ?e)oAt W@F rggcsi)%g?#ﬁér%ect?@éhc&rﬁbﬁﬁéﬁfg %e ca de}r{g%%%aratus as
\qul(:lhbéeuﬁﬂedstcmﬂ iby trhmeasknlleﬂ mhmqarars@ﬂthenpeeﬂerttnmventlon

h he h 2
3 Spo@ggmvg“ toégtg‘qq%t lpi%gr;nutsunnvgen]flona%?e Anbt Ilml?ed fo° the illustrated

configuration of the detector tool housing 12. The detector tool housing 12 may
have various shapes, sizes and configurations without limitation. The waterproof
housing 12 protects sensitive electronic components disposed therein from
liquids, moisture, and debris that may be encountered during candling.

An array of the detector tools 10 are supported in a generally vertical
orientation via a frame or other supporting member of a candling apparatus.
Conventionally, the frame is movable between a raised position and a lowered
position. However, individual detector tools 10 may be configured to be lowered

and raised relative to an egg independent of other detector tools in an array.
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source 20 is configured to emt visible light fromthe
housing free end and illum nate an egg positioned

w@eajoaoentd3t o the housing free end, as will be PermBoasam2481

bel ow. Al so disposed within the housing is a

phot odetector 22 that is configured to receive |ight
passi ng through an egg fromtyw |ight sources 20
during candling. The photodetector 22 generates an
out put signal corresponding to the intensity of the
l'ight |eaving an egg. The photodetector 22 may be any

WH@P% tﬁ@t&@r@& peaieh! ad delRicR!tooIN O Fests on top of a respective
wavel engt h('s) [ight emtted bh/ the |ight sources
e

29 5,ras Weuld) nasndessioad Syoesarakiied intbe tRidhe PESEDHnvention.

22 is OSI

22 1> RBk AP B3 0% i b G RRHR00 Bach gt
'sbﬁ'réeeQCI & EHRfidurbdIbrerhiedvisiblef lightr froio thethousing frgatend and
sources 20 and photodetector 22. Various, orientations

dfuroinate i ameggonesitiened agirrgiiotcotha dousing regagndeas will be
%%'&lpi:néga q%:fo tA‘Igo %T’spto@?d Wﬁfn‘?ﬂ‘?‘é ﬁBBth iS asﬂHo%GJ&Gctfo'i' 9Pthat is

g romexternal sources and fromdirect

lcoafigufgdto i'détcenl'e {ight assing shrd@ighasn @mcfrob‘ethebl@mvsources 20
Mor eover, alth

dornganding: Tiae Pholadbiesia g2ttt oyttt signaftidfasponding
?cgg{ec‘ﬁté'ﬁé’lt the hdb ﬁé’éimhiaﬁ%gﬁ ?ﬁe‘?ﬁllbi&ﬁtéc@mﬂﬁé)ebe any type
ut

t sources I1ized in other
@Iﬂ‘@@deqstenbapable cfdftitectmg, thw:vavelbagth(a)aob lightoeraitiask by the light
22 may pbe utilized in accordance wth other

sRVERASERt s of the present invention. The pair of

i ght Iﬁ%%ﬁl%trg@d%rﬁbé‘dlﬁfér@Lthéfﬂ)rkﬁodétbutﬁrlzatlepamt@m between
Wi th visi [1ght. For exanple, in sone enbodi nents

die phis qmugbemurcwaw@wevem emhadiments phihe Rg§RRIIEVention are

BeP A, b DR PO % 5 G307 Suieh 20 ana

Eﬁét‘ddététto'rbweVQF ou@@f@@dat‘mﬁﬁ of thie Iigrnespurﬂo and photodetector
i nvention are not |imted Qﬁe &h’f@ yarious oo
22pmeydie plilzad gmrtgegsmpeet qteFtas s sigiasd from indirect lig

hﬁ’& beé& l?‘l%ll 01 d&?% %gmposphie@eca'lﬁfﬁ Sfr&ﬂdtﬂé Gight RoRfdes 20, as

Hesoiisey betwat Mdredver,Mithdughha pamnfd@ht EetectpryB@ are utilized in
sour.ce 20|scan red tp em t . yvisible lLigh [
Bhevipstiated eBREYEIa SRS ot SquiGh, med, Peoilfped in some
BMBoilicttd aM ’\%%&eatﬂémgﬂooilgﬁ?témé@@th y666 utilized |n other
nanomet er s 40 nM I n other enbodl nents, eac

bnwud:mts:dnwdutmm mneghha@dom@ pbetedetegiar 24 MayPe, itlized in
range, of be

FERTR B S BB PR Rt lcoey oo

The pair of Ilght sources 20 are configured to illuminate an egg with visible
light. For example, in some embodiments of the present invention, the pair of
light sources 20 are light emitting diodes (LEDs) that are configured to emit light
from the visible portion of the spectrum. However, embodiments of the present
invention are not limited to the use of LEDs. Various types of light sources may
be utilized without limitation. Moreover, optical fibers and light pipes may be
utilized to provide light from a remotely-located visible light source.

Each light source 20 is configured to emit visible light. For example, in

some embodiments, each light source 20 emits light within a range of between
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intensity) of 625 nM 639 nM 660 nM and 695 nM are
particularly effective in detecting the existence of

w@pooawiam enbryo pul se. Exenplary |ight sourceBCRB2008A102481

may be utilized are the follow ng LED nodel s which are
avai | abl e from Di gi - Key Corporation, Thief River

FalI's, Mnnesota: 516-1367-Npp_ 160-1625-ND and 404-1
104-ND, with respective central wavel engt hs of 625 nM
639 nM and 660 nM Another |ight source 20 that may be
utilized is the follow ng LED nodel which is avail able

%%8]%@% g"%'ill?)hét@%egﬁ\?f%{ﬁhk740/ RNy otﬁ@?te’nhl?odlﬁlé?its each light

wavel engt h of 695 nM
ddurus RoaksasbrifiguFédyto et IRFht within laouggeg)fhe@@e@n@bpmt 610 nM

b E20 M pRPREING e fona dhar RS HieEETeL fraygHath® (peak
fm Bf 85% Vil | 35 nivi, 1560 {4, BRE BI5M allﬂbtd%m%ularly effective in

|on Exenplary materials include, but are not
dletefcmregaltha)emgtme of arpavianembiya pylsesti ¢ (e.

T ol SURBE A 9V e e piggin L0
EHeQ' APRSE Gl Aaikblé SréauDi Q(éiﬁ@cﬁ'ﬁbtationgh'fhlbhrl-'&’wgh Falls,

e W ndow 24, and the photodetector 22 is dis

Mnmielsnta h@1$rda§7rngan1@Q-é@%5m andy#P4+ 04- H@,awﬂegrgespectlve

t hr o T

S el E07 528 B HR S o6 Y, Aol ot potoo 20
thB?rlnBQllﬁthmlzge ﬁ@tmfcﬁlbhm@hEDahbyemmeh psh avéilable from Roithner
repl aceahl e bu e 0
Laseriachil, \(lgnegrﬁpgulpengoﬂﬁngé @é:&nfrﬁi w%ve{ength of 695
r%nt acting relation therewith when the det ect or tool

is lowered onto the egg 5 (Fig. 3). In sone
eﬂbod‘\smm:ﬁrateuelrblﬁlgsr 2ias2h o thee chdusing dresorgid dt includes a

tanspree vBUen<Ha tint derrusiioRt {pats BesehRoudR g Bopsparent
Eﬁ FHa& Be! tfiffed Bémivarils typast efl rhaterial,! withoat Ilmltatlon

wth a dark (e.g bl ack, etc.) calora
ermplar-,y matesials inglude diutrare rmtégbmi tonglagsi sAPPRIFR %nd plastic

b

(S viigp-Pbstta PaTsphEfedis dled ABBStratoa i kg 2BAL pair o

Inbhfnsbﬁﬂzebom h#el dikpsseditwithin Qhéltgnusmg -ndTemtltbngi:iethraﬁgh the
or, too

i's the only portion of the illustrate e

windew 24, aaf tke phatosietectpr 2 g,sndlgecése({ \ﬂlﬂgaﬁtée ﬁousung and receives
r éured t

LS eob T AR ooh 26 P ke oty ddtred

th@rbio&eﬂ!@l?fnée end 14 in various ways to ensure that the housing remains

substantially waterproof.

A replaceable bumper 26 is secured to the housing free end 14 and is
configured to engage an egg in contacting relation therewith when the detector
tool 10 is lowered onto the egg 5 (Fig. 3). In some embodiments, the bumper is
formed from a compliant material, such as rubber or other resilient material, in
order to cushion contact with an egg. An exemplary material includes, butis not
limited to, silicone, rubber, etc. with a dark (e.g., black, etc.) colorant. In other
embodiments of the present invention, the bumper may be formed from a rigid
material. The bumper 26 may have any of various shapes and sizes and is not

limited to the illustrated configuration.
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thereof. The bunper 26 may be renovably secured to the
housing free end 14 in various ways, W thout

wo powvpaidn. For exanpl e, the housing free endPQHIBRAYS/002481

have dovetail-shaped slots formed therein that are
configured to receive correspondi ngly dovetail - shaped
edge portions of the bunper 26. In other enbodi nents,
the bunper 26 may be renpvabty3-secured to the hou3|ng
free end 14 via clips, nmagnets, adhesives, and/or via
various ot her known nethods. The bunper 26 shields the

phot odet ector 22 fromstray light (e.
ext er fdie bompee 264s the OndPOFT'Qﬂerjthﬁslﬂtlsifa d@ﬁémrt@@ "10 that

ol R o 5B S LR, OB eRP 25 emovany

patlirelr mﬁ&ﬁohslﬂbtfrwéhaﬁ4 tdoferilitate clleénh'ig:bndloghteplacement
ths through the egg are all owed, as sh ﬁ-

hereof. Jde bHTBaet 26 may de regmayallysequred %%0%"9 ée 8hd 14in

AR TRIR SRR RN o bhe iy nae

apestailrshmpad eslofs Havaed dberfeurguﬂmtl aaret heanfiguneds to  receive
themto | ds. for

%&?8&"‘%%@339‘5&% 15 tPIPV tecgﬁeppgtpfﬁmigﬁﬁl ﬁ')ﬁ?rg\tn?r 26. In other

r
%ﬁ’% %gté bUf?l USt r M%@nper ?ﬁod ﬁgmussmgnﬁee end
wera olu;m magmets adhesnmsdandl‘w wmaaudles etherkrpvramethods.

G ect PEIPBE 2R Shds e ratbhBRdon82 rard Srsricsh (. ont
fro® @fgéxféiﬁbl solirtd) dtcl) AdaRahidiveet Bght foimnthelighs badmus 20.In
of light emtted by an external source. Enbodi ment

cother wardsnthe bymper 86 shvieldadhe Iphetedeiectoridfrom a stralght light

d,:
RSB GRRR AR HERBLLC A AR HEER, B eog are
dIRvvied/add sHewahia(Fig. anekscmnétrgedahi Rigs. 2aand 3, vtlaetbwnper 26
function of shielding_a photodetector 22, accordin

iBpiyEesRRAY Qﬁfapﬁﬁté"?ﬁ 28 é"r‘(touigﬁ\)’é'ﬂ'?hdhe RGP tehtqusFes s 20 emit
gﬁ& el s B %a&gﬁ@s DY e%%nfﬂa%raeéoﬁfgqmﬁb katEauses them to

ort |ono an In contactlng rel 1 ons
ddt asaespectivecshields farcthedigbt sowrwies 20 $sch thﬁéﬂlgljt emitted by each

] h 5. T ill .
ighEsouite 2 FitedSding rnidtp fidflacin e R 8 fhigiustratea
tfu@ﬁbét‘ 36LRD |ﬁél@8é§aﬁ RPBAEFEHH tHt SURR UIRISARE @hotcﬁiéteét@r 22 and

W th an e% However, enbodi nents of the (grese
shialds the phatadeteetpr A2 feun stray ight pnddeomtdicedt lightframdthe light

confid r a8
SGEPA267 T8 BoRlartBThh Lofisfbaobiun SEF APEFEL T Byt Eracow
of hghtermptyd t%ﬁa@ BxRANSIDUPCS @hbbbﬂﬁerﬁbrcﬂyhé ped¥ent invention are
enter the aperture 30 and reach th
not limited to the lllustrated shape and confi guratlon of the bumper or of the
apertures 28, 30. A replaceable bumper 26 may have various shapes and

configurations that serve the function of shielding a photodetector 22, according

to embodiments of the present invention.

Photodetector shielding aperture 30 is configured to overlie a portion of an
egg 5 in contacting relationship therewith when the detector tool 10 is lowered
such that the bumper contacts an egg 5. The illustrated aperture 30 has a
generally hemispherical shape that facilitates stable engagement of the detector

tool 10 with an egg. However, embodiments of the present invention are not
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phot odet ector 22. In operation and once the detector
tool 10 is positioned adjacent to an egg 5,the |ight

waeowpoer420 enit visible light (indicated as 4BCT/IB2B08#02481

3) into the egg 5. The photodetector 22 receives |ight
that | eaves the egg 5 and generates an out put signal
corresponding to the intensitq-of the |light |eaving
the egg. According to sone enbodi nents of the present
i nvention, the photodetector 22 may be provided with
an integral anplifier to limt environnental

fhfitetr tc ahe NistRaté@ . hapeb@hd Eonfigupatien ofi apsrture 30. In some
According to sone enbodiments of the pr
mmwm@ﬁts 3he Wetat ohdye getaiaritpalctl s FURGERt to seat the bumper

284 08538 8 0 B e 0300 sgon
pRbtodetsctbr @Bt (e.g., 660 nM, then a reductl on in
sensitivity to non-red suc

oxt o1 IAPPHAGRD 200 Gce the sbtertetian) 16 stiareRadhgentto an egg
%'tH? IlgﬁP&EUrcEé gg%‘h niBvisfthé l@h {&ﬁ{lcé’c@d%ﬂ@#ﬁﬁ%‘@) fhte the 2 egg 5.

et ector aving a t hat bl ocks
ﬂTNé pﬁtﬁﬁdem:tmrﬂﬁ gecaivey Hglt that leses the egg gﬂwandﬁg\enerates an

SUGTR' el borShodhind R iy 0L % SBRL pBlbe e eoo

AEEondlrﬁffd $A1HE @mbAWMNehtS 6Fthe phEBEM iheeRticH) Qhé bhbﬁ)’d‘étector 22
are known to those skilled in the art and need

maty teeprbyitad Withi ahuntegeal amepliien to mqﬁrejw@rggmerggl electrical noise

(8" BBt farddue 54T e ol (s SREBH b6 @ stts 8 il present

Fnb@nﬁ@ﬁ’t@ﬂﬂéﬁﬁia?fbd otileidetorbloek Waaetemjm btherdhaanvaag;j)engths
S haV|n an embryo pul se and/ or npvenent

'@! the 'tﬁb spyices s Fourxampia. f the JigRksqiuces gﬁﬁéﬂl?red light
Qevxfi] g?gg?‘gﬁ Heﬁ Q‘?eBH R i vufy%dﬁ-PLéH lr%tt Q@ch as blue and

C|IC variations-in ensit
dreen @@emn@ﬂdetgo feomeméercyoy pape:elngh@ingbﬂbonqscaayllgmng etc.),
det erm

t.h {
i b Arheverwilia Bhaidelenore ieyine £ HFehel Blorknblue 450 nM
'Jlg@hMgnérTﬁ‘@h%éf] 4‘9@1 nfePs 56@9%‘)3'!@& ARDE Y PR E RRBE for Blocking
addi viia may be determ ned by processin
h)lbe amqitgmensluggm a de3m2enem filtert a\ealt@t:l%}/r@m Edmurtsbaﬁtlcs Inc.,

d | i,cal
. 0 Y51 s B OB B o g sitea i
thé\éﬁ‘{ an@ heeB it ded sstribedddrtiey hprei de an average
light level in _an egg that can be used to provide

ot herAlpﬁ?ﬁﬁﬁtSQﬁﬁolqlﬁmwl@Nnébﬁ foustg is dmgpmrapRIcation with the
AR Bei 2 U8 B hBCSERA TS, phoroetectr t
ddiérmine the viability of an egg 5. Eggs having an embryo pulse and/or
movement may be designated as live eggs. Viability may be determined by
processing the output signal to determine the existence of cyclical variations in
light intensity that correspond to an embryo pulse. Viability may be determined
by processing the output signal to determine the existence of non-cyclical
variations in light intensity that correspond to embryo movement. in addition,
viability may be determined by processing the output signal to determine the

existence of both cyclical and non-cyclical variations in light intensity.
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average light reflected froma Iive Day 18 egg because
the broad beamof light fromthe |ight source that

w0 ppoiges3 upon the side of the egg will refl eceCT/1B2008/002481

t hroughout the egg rather than being absorbed by a

| arge enbryo. Simlarly, the average |ight reaching
t he phot odetector 22 from an.ygsi de down egg will be
| ess than that froma normally positioned egg (bl unt
end up) because nore of the enbryo is available to
bl ock the light. These effects nmay be enhanced by

usi ng | adiddidin BEEHRhdAridibne |H||‘gf1f3reﬁét tHe phbedtEtBctor 22 may
than a light source that is optinal for det ecti ng

peide ant averageylightplexel ingan egg)thalscan e used itp|rrovide other

ol Raor 3Rt BG corRfyons i Eufié, te 3V¥Fage fight
lefigleteds torthe sientedeteetor 12 tfl‘dmh hee chian Gedy W\Hwtbwlgtféméﬂlthan the
22. Referri nowto Fig. 4, a detector tool 110 f
ARTapR l@&%a@f?%e%@m aésa@&am ege hﬁcayseémemaﬁaheam of light

o, 3 IO ok F3t indeh, LR TSR of e oo il refiect
ngwgtmLMhe bggsratmgarlriem beiny aﬁ;prb:e_lc_jhh;m? :irgeg;ab@ol S&mlarly, the
an e
ipo8 BB the Hrotefacton 22 RiTien HREICESOMT SagRilpe less
WEE hhabfreeda nch'ﬁréil{xgﬁc?éltlcﬁ{% déégcbﬁm?(ehecﬁk?)dbééhl.f%ef FrithE of the

rai ses a tor tool 110 relative
emba/ouaravaéabledobhoomhg hgg'g g hese effests by dhesrhanced by using a

gt $ROEhaiRg A It VBTt Iar A Jolf PRt Bt i Gptimal for

dB8eRTg ﬁeéﬂ@ea‘talflnﬁ)&lﬁpl%l u@m §bl§r@bs WHRPORIPIS waBletighesiare used,
wthin the detector tool” 110 with a controller and/or

thenreiepetputs may ketiperaultiplexeddo elaw sensing pheach wavelength

GG AR Y SRRSGrBliddiedigpal he art of

resent |nven
is a R)éfetmmbehew to Fig.24t baieteetocmn P10 ¢or Gse lie@aindiing eggs,

2CPBRING B0 PHET QTUPSHErn af iR, PreRenENENOBISINBREstothe
phot oggt gfsn Hatdd d E&EF ab6F 130 gﬁ% I%: gﬂtﬁg antlall%gw%trclarproof

corresponding to t e Intensity eavil
heggingTHE2 pitbteoprexanaldred 2ad fdy dred mmyelaqgﬁed;ﬁlsdalte]m 916. The

ALt 4 STEgrd St BasieSed S R reiptHsbip with an ego.
The-htal he 1heushtacHeE® @ﬁﬁmb]tﬁat rfiseignd ﬁ)vt'ét%ﬁﬁ@ %@é&tor tool

w ndow 124 that permts |light to pass therethrough
110 selgtive tfuatcgémermomgnm eOas» es€iesaribad abpre. Extesting from the

o] SREEHS ok R SIAEY2 R0 cE g BAOHON Qb g ha
connects the various electrical components contained within the detector tool
110 with a controller and/or other electrical components of a candling apparatus,
as would be understood by those skilled in the art of the present invention.
Disposed within the housing 112 is a photodetector 122 that is configured
to receive light passing through an egg from one or more external light sources
during candling. As described above, the photodetector 122 generates an output
signal corresponding to the intensity of the light leaving an egg. The
photodetector 122 may be any type of detector capable of detecting the

wavelength(s) of light emitted by a light source.
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free end 114 in various ways to ensure that the
housi ng remai ns substantially waterproof. A

WO epbaceabl e bunper 126 is secured to the housPEyIB20€82002481

end 114 and is configured to engage an egg in

contacting relation therewith when the detector tool

110 is lowered onto the egg 86¢Fig. 6). As described
above, in sone enbodi nents the bunper is fornmed froma
conpliant material, such as rubber or other resilient
material, in order to cushion contact wwth an egg. In

ot her Aenblogiratmat in Figs.hSaptesthet hoosiagt free, endiel Buipadudes a

126 may b d i g .al . The b
EaBSPRI RV 574 VA oReNERS el PRSSS MIRIHUQuoh. The
é‘r%tobbggecgsm 29id &\?ﬂ%&i&%thﬁ‘i ] K&I&‘?ﬁ%éhéﬁéé&lveé\ﬁght leaving an

| g
escri above, unper 126 is the only portron of
¢drp througstthetvaddaietid: Jhetwiodow1124 may besesureshiodbe housing

f‘}“gérg\r@& ’549 g'gg%;?%%o@gyf 8%%&%”&@ ;ﬁ%g&@#@g%ﬁﬁs Eﬁbstantially
afdrbidgtt € cl eaning and/or replacenent thereof. The

unper 126 may be renovably secured to the housing .
free Amepleteable umpent2Gissecured tothe hoysingfregiend-bi4 and is

GRThsre 18 Raad B B Pnliika Tk REtSuin when the detector

6BNHiHQUIseHvieted st ViReCatd & PPitdi 610/As desetibed -abloapein some
edge portions of the bunper 126. In other enbodi ments,

emgodm@é‘ﬁ the burmpgr isdorraad fram 9 cormiiaal maseralesyias Ripber or
JhBF Gl paiefalinharel o8 Eh ol RERALTRN BhgIR other
driBoginedritd aif elsd presk? ifivemtiont, thy bumpler 126. may Hei fpnmed from a

G MARES! 1 GROITHIAZS tap havhany of Ylipus ShoktspRr Sigagand is
AdiiARPI PRGOS chAfigbiaonsur rounds t he
phot odet 2 S

ector 122 an el ds the photodetector 122
f r om As degciiberhabavel the burmpierd®s isitgatonly pertioRof|thgitustrated

h i f .tk h i 1 hi
A B o rhtp Mot rRikesL SanBho MG AF BgR, L aoile drbolitfents. the
HHhSEMAR6 S8 UeffovabliP sgt il fo Ghe tHorishig freet end VEXE tofacilitate
are not limted to the illustrated shap

cieriyoaf andieatreplacement dheegferThe bé'f“&?f:"aﬁe'm@ur he jrgfovably
<5130 BT Se 0 TH UG 5, SARBREARSon. o
axapipldetras housihgAre@ama dildgmay kaneo doretdilsshepechslots formed
thipein Ghel 2% CPRTGERP g Iece e 0BT EFPPRIRIRLAPFGi-shaped edge
portions of the bumper 126. In other embodiments, the bumper 126 may be
removably secured to the housing free end 114 via clips, magnets, adhesives,
and/or via various other known methods.

The bumper 126 shields the photodetector 122 from stray light (e.g., light
from an external source, etc.) and from direct light from the light sources 120.
The illustrated bumper 126 includes an aperture 130 that surrounds the
photodetector 122 and shields the photodetector 122 from stray light and from
direct light from the light sources 120. The portion of the egg shell within the
aperture 130 is in the shadow of light emitted by an external source.
Embodiments of the present invention are hot limited to the illustrated shape and
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of an egg 5 in contacting relationship therewith when
the detector tool 110 is | owered such that the bunper

w@onbacs3 an egg 5. The illustrated aperture 180T/B29082002481

general |y hem spherical shape that facilitates stable
engagenent of the detector tool 110 with an egg.
However, enbodi nents of the prgsent invention are not
limted to the illustrated shape and configuration of
aperture 130. In operation, and once the detector too
110 is positioned adjacent to an egg 5, one or nore

?%ﬁ{;@@tldn' &fithe BRI orlotQhé Riplertutes 1 80 eAIreglatceable bumper 126
Indicated as 140 in Fig. 6) into the eg

mft)t lalee watieus SmEpasand cenfiguratiansithat swaqurwéuoegzj shielding
I
BB Lo B PSSR i on

_abOVG,T rfémm?@%t_@d&irt@htequhn@ Apertare 180 qsrottmf gelldedmotdvedie a portion
I ntegral a Ifrer to llm enviro a eec Ica .
ﬁbaﬁgegglﬁdlquiorﬁa‘?tlﬂgt CELE nam@rmﬁge@?@? Sitogh 110 is
SR S A3y T W s 1
hasraigesertallphemis phedical ;shapedbatefacihtateszstabie engagesnent of the
out put si hot odet ec

SHAEAL P ERb SRl B S5 et P Pt Whenton
?Fe BBteanhftSﬁ%‘Ehé nu%ém%r%é arkd B@ﬁfg&ahsn P RpFtues 130.

ting thereof. Although a few exenplary enbodi nents
of t hirs operesion, end leace the detenterioohdd0 is pesitioprd adiarent to an

hSegiotr quérle eerg\%ngfglsg cﬁ-:‘%' ﬁeoe%ﬁg%sr gf%r%ht (indicated as 140
ﬁ\fﬁ@ds @hé"éé@@Wh@ﬁh@l@d@lédoﬁ%fédeﬁ&élfghﬂhét&eaves the egg
novél teachi ngs and advantages of this inventio

Bt gengrates :an outpil siangli ¢rErsrensling &o ithe éﬂt?é}?'tyoofb@e light
|

RIS 20 A8 BB BT8RO, )l GASRLgr22 i) b Hovicea

vith laevintegral arnpiifierto timicenvirarimental electrival cloiseranddorefilter to

Qggg%&é&? e| 2 T%;B%\%_IeéﬁgaN NEHQA Sg'uenlmﬁn%pd:rces 120. A
coango'a 13@6915?% edaW|thﬁla¥ﬁe Husingh§ inoOEbAMMuUNication with the

gure t visible light fromthe housing free
gnctodetedtorn d@2nand pracesspsposiput gigraladirae e photedetector to

housi n whereinn the at | east one |ight
%‘?}GF'UE%e{ﬂet‘Qa@Fg/%flaé’ PP within a range of between

600 nihardredting¥é |Iﬁ.l”s<ﬂra%v§ft§ﬂ e pasent lﬁVemthfn lapdsisngot to be
free end that generates an output signal

construed as limiting thereof. Although a few exemplary embodiments of this
invention have been described, those skilled in the art will readily appreciate that
many modifications are possible in the exemplary embodiments without
materially departing from the novel teachings and advantages of this invention.
Accordingly, all such modifications are intended 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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‘wi t hi & hqusing,

corresponding to intensity of light fromthe at | east
one |light source |leaving the egg, wherein the

w@bmbodetect or is shiel ded from external |ightpreniB2bosown4st

direct light fromthe at |east one |ight source. 2.
The apparatus of Caim1l, wherein the at | east one
l'ight source and the photodetggctor are di sposed within
the housing. 3. The apparatus of Caim1l, wherein the
at least one |light source conprises a pair of |ight
sources. 4. The apparatus of Caim3, wherein the

phot odet ector is p?ﬁh‘l'i\f?/'ﬂ-ﬁérpg@EﬂWEbemﬁ?a” of 1ight

sources. 5. The apparatus o arm 1, erein the

housi ng fr éam apphratusdior saadiing eggs, maneprising:ndow,

wherein the ah | east_one |ight source is disposed
2YiRg affee &Rt s 1 ght through the wi ndow,

and V"Q?fe"ais[‘oﬁgﬁgﬁhé&ﬂ'@étcﬁfm ﬁréo_stocgrﬁi@‘)ﬁﬁﬂe}l‘fghhfran\tﬂh@ housing

housi ng and recéives lig eavi ng an egg rough the
freadnd a6d iftmainate @anaegg pofsitidinednadjacent tohthe housing free end,

R B BB SR B VRSP OB between
660 AM SAdt7aerewW Akd 7. The apparatus of O aim 6,
erein the bunper conprises a first aperture through

whi chatphotedeteelgs at theehouging frasuene thatigeneratgstanautpyt signal -

SRRl el 4t dont Bl el PR AREGH Guros caving the
édis Whare tisd pRbWetdtop Roiigiledcrom éxtomalilight and ifgim direct

fromthe at |east one |ight source. 9. The apparatus
light 1o the, at lgast ane ligRkSMICLeast one |ightsource enits

e - FErs .
hM 10° Tt abbafil Bt CREACL MincheintREM st BAE it sbidfe and
thegHotodetestourare dispysedseithia the dousing. t t i ng di ode

it oty HHE GRRAEAUBIA GBI chiapeit e et R@gsighy source
c%?,‘-??,rig\és 56QirMiighPSoGasnM 11, The apparatus of Caim

urther conprising a processor disposed within the
housisg t hbhe appamateahGlaing, wheraintheqhetodetector is positioned

A R L A

5. The apparatus of Claim 1, wherein the housing free end comprises
a transparent window, wherein the at least one light source is disposed within the
housing and emits light through the window, and wherein the photodetector is
disposed within the housing and receives light leaving an egg through the

window.
6. The apparatus of Claim 1, further comprising a bumper secured to

the housing free end that is configured to engage an egg in contacting relation

therewith.
7. The apparatus of Claim 6, wherein the bumper comprises a first

aperture through which the at least one light source emits light and a second
aperture through which the photodetector receives light.

8. The apparatus of Claim 6, wherein the bumper shields the
photodetector from direct light from the at least one light source.

9. The apparatus of Claim 1, wherein the at least one light
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wherein a cyclical variation in [ight intensity
i ndi cates the existence of an enbryo pulse. 12. The

wappanaes of Cl aim 10, wherein the processor BCEDB2008/002481

processes the output signal to identify non-cyclica
variations in light intensity, wherein noncyclica
variations in light intensityg.ndicate enbryo
novenent. 13. An apparatus for candling eggs,
conprising: a housing having a free end; a pair of
i ght sources disposed within the housing, wherein

each lshihle SRHSGRILIE BRI Phrigd GMBetwitbhiBI0ONNigha 720 M.
fromthe ousi ng Hree en an I F'um nate an €gg i
posi t it@ned Tadi apmaratusooftGlairh duwhegeinrtbe atirpst ane light

e e sBHr s amRoen S okt Emitng dicds 1S oHurgl g it visibie

ﬁ@ﬁi WitlP st Akt intdiRith at 8h8 of tHeeRIIENThdwavEIengthse 6R8inM 0639 nM,
ght sources, wherein the photodetector generates an

660 mM, and)f85 ndbrresponding to intensity of light from

the 1i,ght urces Vi . EMJE i: .
phot oagt ect qp&ag%ﬁ%%loég%alwgr%ﬁ g&?'ér napﬁ%llﬂ%%?ﬁ %%%FSP rr g}ﬁposed
HithRfthe halsinr Bt idién Icogithusieatice witrattie phptatietestor and that
di sposed within the housing that is in comuni

piadessee thRoouiput signal tantdentifit cyelinad diatiops @31@&1 intensity,
. M i P Sl
?vhggeﬁab iatc&c'hgﬁlré{a:g?ﬁorg i )lg:rﬁ ?’i‘gf‘gﬁia‘?‘!i’%‘*{éné’f'?‘ghfe of an embryo

bilsensity indicates the existence of an enbryo pulse.

14. The apparatus of Claim1l erein the processor

al so 6?ope5—§§sam%at§'§t°§§t'a'§"f g‘?ré’f’vwf"@'q PP $Sor aiSo processes
- . _ . . . i . t ,Wh . _

ol A RO Bl SO gty merein on

eydiicgbvariatiemsrin light intérsitygpdicateiembry@mavement. f ur t her

Char 13 confi Al eE R ods Mo i ng

rel at i pRukiiy BNih§ a fiée efe apparatus of O aim 15,
wher el n the "bunper conprises a pair of first

second papeet lighissauices gispasiedvithie thai housing.i @ng@i{" each light
SRR okl i B i i B ha icyminat
&n gy Aositivhed eidjademe tbuhpenousimgfee ehd, phdtwheteit teach light
o evisil Nont withm ' B &f Sdtweef Boo Kl §56 740 nM;

a photodetector positioned at the housing free end between the pair of
light sources, wherein the photodetector generates an output signal
corresponding to intensity of light from the light sources leaving the egg, wherein
the photodetector is shielded from external light and from direct light from the
light sources; and

a processor disposed within the housing that is in communication with the
photodetector and that processes the output signal to identify cyclical variations
in light intensity, wherein a cyclical variation in light intensity indicates the
existence of an embryo pulse.

14.  The apparatus of Claim 13, wherein the processor also processes
the output signal to identify non-cyclical variations in light intensity, wherein non-

cyclical variations in light intensity indicate embryo movement.
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18. The apparatus of Caim 13, wherein the housing

free end conprises a transparent wi ndow, wherein the
w@a000/00243 | ght sources emt |ight through the »PETIBE20S/002481

and wherein the photodetector receives |ight |eaving

an egg through the wi ndow. 19. The apparatus of Caim

13, wherein the pair of |ighpgosources are configured

to illumnate an egg with light fromone or nore

sel ected portions of the spectrum 20. The apparatus

of Claim 13, wherein each light source emts visible

| i ght 18 t hiTRe@ppartias 6f ClRahvSefurthed colvpeasitig @iumpékr secured to
1. The apparatus of O aim 13, wherein each | ic%ht . .
thethausing freei enskthat isi grtfigered 1o ARG AR §agHP)contacting relation
gonfi ured to emt visible light with a peak intensity
BErS¥t of the fol | owi ng wavel engt hs: 625 nM 639 nM

660 ni6. antthe2ppardtuat Cléimﬂﬁhwdg_m‘in ttmtmm?gr @ggpr,(;sesf a pair of

conprising: positioning an e ad] acent ree end.

fistiend seepnd @Wturﬁ/ﬁéhrépehtwmg'gm 651 g soHgRes Mt fight and 2
egst L, d%b?og RNy ki

thralﬂﬁe%g{?ﬁrﬁg@ﬁg%@ggﬁm?ﬁﬂeﬁsi b etefji ght év%lrl{ hith a range

of be{TeenTh8Cappdratus @fClaivh f tBnwheteinr the dumparashiplds the

at least one |ight rce, .detecti LN ity of

phajadetesiqr fﬁﬂ“t‘ﬁr@% @@%\f roqh ttﬁ% pﬁﬁoqu%gk g{?ﬁ&%ﬁ- wher ei n

the phet Od?ﬁﬁF:éﬂ;tBarj fuss reciam framvbstginnte | halldingirfdee end

1'g

fromdirect romthe at |east one |ight source; .
@nnprises agtramspareptuwindoynavherein taemaispbhght seurces emit light

detected |ight intensit.y; ' ; :

it H i 3 R3S K PERERBSSRE oo i an oo
t)ﬂ?ddgﬂ iHewiridow.i ght intensity, wherein cyclical

variations in light intensity indicate the, e i,sk?nce

of an1@nbr ybe pppaeatus gl Clat iiinWHSFﬁ"a}'a‘F paig of lig

V20 350l B SV o one o more
Jdibstat ortiogs bhtheagwotiutin vi si bl e |ight conprises
of betdoen! 62 BPRMANEOTSBITIAS. RerolrEAR Iy sBpRe GRS visile
i S e A s T
21.  The apparatus of Claim 13, wherein each light source comprises a
light emitting diode (LED) configured to emit visible light with a peak intensity at
one of the following wavelengths: 625 nM, 639 nM, 660 nM, and 695 nM.

22. A method of candling eggs, comprising:

positioning an egg adjacent a free end of a detector tool, wherein the
detector tool has at least one light source and a photodetector;

illuminating the egg with visible light within a range of between 600 nM
and 740 nM from the free end via the at least one light source;

detecting intensity of light leaving the egg via the photodetector, wherein
the photodetector is shielded from external light and from direct light from the at
least one light source;

generating an output signal that corresponds to detected light intensity;

and
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light wwth a peak intensity at one of the foll ow ng
wavel engt hs: 625 nM 639 nM 660 nM and 695 nM 25.

wdbmonephod of C aim 22, wherein a bunper is SBCDIB200%/M2481

the detector tool free end, and wherein the
positioning step conprises contacting the egg with the
bunper. 26. A nethod of candl2fag eggs, conpri sing:
contacting an egg with a free end of a detector tool,
wherein a bunper is secured to the detector tool free
end, and wherein the detector tool has a

phot ogebesssiig the! outipuatdigralt foe ideardifyv dyblwalsabdfbrl nqdﬂ-tcycllcal

fromat |east one |ight source, wherejn th

wagationmin kghtrintensity.cuheied sydical \g@ﬁatwnﬁﬁnﬁ'ggt H‘éﬁgﬂ%mdlcate
0 t

L RETor 2 B S, 48 SPeld R SRAESY ftions n ons

trh@nﬁt}ok\ddﬁt@emb“ryossn@&urnémled from direct light from

the light source the b I
si gnaP t hatl _%d?‘?gz‘%lyg?fo@%i’ﬁu erdln 'ﬂfﬁiﬁaﬁﬂaﬁﬁﬁou it visible
g@ﬁ/% rABfses g W&H%SIBI% I ?Wl!hflﬁl a%éﬁble‘b?'between

on cyc arl a ons in i ntensit
8Mme ndM andyia nML var| ations in i ght i nt ensity

i ndicgte t exi ste enbr y.o .pul ein
non- c?él iC M@egaf'ﬁa‘{}i' @ﬁ‘ﬂ%rg'ﬂttgﬁﬁﬁ?asﬁr?&e éﬂq'g

enbr yQoUFé\éedB?ﬁbnses a light emitting diode (LED) configured to emit visible
light with a peak intensity at one of the following wavelengths: 625 nM, 639 nM,

660 nM, and 695 nM.
25. The method of Claim 22, wherein a bumper is secured to the

detector tool free end, and wherein the positioning step comprises contacting the
egg with the bumper.

26. A method of candling eggs, comprising:

contacting an egg with a free end of a detector tool, wherein a bumper is
secured to the detector tool free end, and wherein the detector tool has a
photodetector;

iluminating the egg with visible light from at least one light source,
wherein the at least one light source emits visible light within a range of between
600 nM and 740 nM;

detecting intensity of light leaving the egg via the photodetector, wherein
the photodetector is shielded from direct light from the light source via the
bumper,

generating an output signal that corresponds to detected light intensity;
and

processing the output signal to identify cyclical and/or non-cyclical
variations in light intensity, wherein cyclical variations in light intensity indicate
the existence of an embryo pulse, and wherein non-cyclical variations in light

intensity indicate embryo movement.



