
(19) United States 
US 20020014444A1 

(12) Patent Application Publication (10) Pub. No.: US 2002/0014444 A1 
Hebrank (43) Pub. Date: Feb. 7, 2002 

(54) METHOD AND APPARATUS FOR continuation-in-part of application No. 09/309,794, 
SELECTIVELY CLASSIFYING POULTRY ?led on May 11, 1999, now abandoned, 
EGGS 

Publication Classi?cation 
(76) Inventor: John H. Hebrank, Durham, NC (US) 

(51) Int. Cl.7 ........................ .. A01K 43/08; A01K 43/00 
Correspondence Address: (52) US. Cl. . 209/511; 209/512; 209/513; 
MYERS BIGEL SIBLEY & SAJOVEC 209/510 
PO BOX 37428 
RALEIGH, NC 27627 (US) (57) ABSTRACT 

(21) APPL NO; 09/798 318 An apparatus for classifying a plurality of poultry eggs 
’ includes means for detecting the opacities of the eggs, means 

(22) Filed; Man 2, 2001 for detecting the temperatures of the eggs, and means for 
classifying the eggs using the opacities and the temperatures 

Related US, Application Data of the eggs. A method for classifying poultry eggs includes 
measuring the opacities of the eggs, measuring the tempera 

(63) Continuation of application No. 09/563,218, ?led on tures of the eggs, and classifying the eggs as a function of 
May 2, 2000, noW Pat. No. 6,234,320, Which is a the opacities and the temperatures of the eggs. 

21 8 
7A 2° 12 

15 15 2 2 13 

15 \\ % / / 
——‘> ///I \\ \l nJun\J@L_ln\LL-Jn$! J- 3 

I, \\ - k,_’’ 

1%‘! 22 / 
4- @ (5‘ ‘\37 

11 3o 

14 



Patent Application Publication Feb. 7, 2002 Sheet 1 0f 12 US 2002/0014444 Al 

[\ 

\\,\1 
1... 

Q 
U- |\ 

LO 

O 

V 1 /|\ 
o 

T-\ b 

\1 
m 

/r 
s; A ‘é? a T 

Ln 
m 

f ““ “1 T 
/1 

i o ‘I ’/ 
<1‘ I\ m I < 

q ‘l i /“ 
' 1 
' I 

g m . 
l 1 /_ 
l ‘ I 

L__,____1 N 
/ 

/ k 





Patent Application Publication Feb. 7, 2002 Sheet 3 0f 12 US 2002/0014444 A1 

‘R 

Hm 

.UE 



Patent Application Publication Feb. 7, 2002 Sheet 4 0f 12 US 2002/0014444 A1 

1\ 
37 

j 

V 

m] 
E] n 

\ 
11 

21 

\ 

VUV \/ \/U 

20 \ 

22 \7 

7A 



Patent Application Publication Feb. 7, 2002 Sheet 5 0f 12 US 2002/0014444 A1 

FIG. 5 

9 w 

2 \ m 

A [J 

8 1/ 

A||||| ‘11...... / 

, / 

11A 6 

8 ‘It 

2 

. _ 

m n /7 
_ H 1 

- 

u " _f\}/f\\.\ 
- 

u u u H 
n _ _ “ 

“full 2 H " 

rlbj _ _ 

H 



Patent Application Publication Feb. 7, 2002 Sheet 6 0f 12 US 2002/0014444 A1 

H6. 6 

602 614 
/ / 

Set parameters for Correct egg temperatures 
light oandling for position in flat (optional) 

604 616 
/ / 

Set parameters for Calculate threshold temper 
thermal candling ature for distinguishing 

606 live eggs from non-live eggs 

‘ / 618 
Light candle to ‘ / 

acquire light data Classify eggs as live and 
608 non-live using threshold 

r / temperature and measured 

Theme“ Cand|e m or corrected temperatures 

acquire thermal data 620 
610 ' / 

, / Report egg 

Classify eggs as clear, Classifications 
empty, missing, early dead 622 

using light data l / 
612 Sort eggs according 

r / to classifications 

Classify eggs as 624 
upside down l / 

using therrlnal data Treat live eggs 



Patent Application Publication Feb. 7, 2002 Sheet 7 0f 12 US 2002/0014444 A1 

a f 
\ 

I\ 

29 
U 



Patent Application Publication Feb. 7, 2002 Sheet 8 0f 12 US 2002/0014444 A1 

FIG. 8 

57A 

a 55 
54 I H l ' I] H J 

._O // O 
l ---- r": :"". 1 

ALLMM\\ 59 
53 

\ /@ ///5-| 
\\ j J J J J J 

I\ T. l\ \ \ \ \ \ \\ \ \llrlr :: :: l. 1. :: 1: 







Patent Application Publication Feb. 7, 2002 Sheet 11 0f 12 US 2002/0014444 A1 

: .UE 

mdm Nmm mdm .wawm mm 

wwmo m *0 38.5.2 
m 

3% Em: ME? 85230 WEBEQQEQP 



Patent Application Publication Feb. 7, 2002 Sheet 12 0f 12 US 2002/0014444 A1 

FIG. 12 

702 715 
/ r / 

Set parameters for Adjust measured tempera 
light candling tures to generate ATDS 

704 I 717 

/ r / 

Set parameters for Calculate predicted temper 
thermal candling atures using adiusted 

temperatures to generate Tl'M 
706 
/ 719 

‘ Light candle to r _ / 

acquire light data Classify eggs as live and 
708 non-live by comparing 

it / predicted temperatures 
Thermal candle to to measured temperatures 

acquire thermal data 720 
/ 

l 7/1O Report egg 
Classify eggs as clear, Classifications 

empty, missing, early dead 722 
using light data / 

712 Sort eggs according 
v / to classifications 

Classify eggs as 724 
upside down i / 

using therr[nal data Treat live 6998 



US 2002/0014444 A1 

METHOD AND APPARATUS FOR SELECTIVELY 
CLASSIFYING POULTRY EGGS 

RELATED APPLICATIONS 

[0001] This is a continuation-in-part application of pend 
ing application Ser. No. 09/309,794 ?led May 11, 1999, the 
disclosure of Which is incorporated herein by reference in its 
entirety. 

FIELD OF THE INVENTION 

[0002] The present invention concerns methods and appa 
ratus for evaluating and treating poultry eggs, and, in 
particular, concerns methods and apparatus for non-inva 
sively candling poultry eggs to determine the conditions of 
the eggs and to handle and treat the eggs in accordance With 
such determination. 

BACKGROUND OF THE INVENTION 

[0003] 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 has its roots in 
the original practice of inspecting an egg using the light from 
a candle. As is knoWn to those familiar With poultry eggs, 
although egg shells appear opaque under most lighting 
conditions, they are in reality someWhat translucent, and 
When placed in front of a direct light, the contents of the egg 
can be observed. 

[0004] In most practices, the purpose of inspecting eggs, 
particularly “table eggs” for human consumption, is to 
identify and then segregate those eggs Which have a signi? 
cant quantity of blood present, such eggs themselves some 
times being referred to as “bloods” or “blood eggs.” These 
eggs are less than desirable from a consumer standpoint, 
making removal of them from any given group of eggs 
economically desirable. 

[0005] US. Pat. Nos. 4,955,728 and 4,914,672, both to 
Hebrank, describe a candling apparatus that uses infrared 
detectors and the infrared radiation emitted from an egg to 
distinguish live from infertile eggs. 

[0006] US. Pat. No. 4,671,652 to van Asselt et al. 
describes a candling apparatus in Which a plurality of light 
sources and corresponding light detectors are mounted in an 
array, and the eggs passed on a ?at betWeen the light sources 
and the light detectors. 

[0007] In many instances it is desirable to introduce a 
substance, via in ovo injection, into a living egg prior to 
hatch. Injections of various substances into avian eggs are 
employed in the commercial poultry industry to decrease 
post-hatch mortality rates or increase the groWth rates of the 
hatched bird. Similarly, the injection of virus into live eggs 
is utiliZed to propagate virus for use in vaccines. EXamples 
of substances that have been used for, or proposed for, in ovo 
injection include vaccines, antibiotics and vitamins. 
EXamples of in ovo treatment substances and methods of in 
ovo injection are described in US. Pat. No. 4,458,630 to 
Sharma et al. and US. Pat. No. 5,028,421 to Fredericksen et 
al., the contents of Which are hereby incorporated by refer 
ence as if recited in full herein. The selection of both the site 
and time of injection treatment can also impact the effec 
tiveness of the injected substance, as Well as the mortality 
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rate of the injected eggs or treated embryos. See, e.g., US. 
Pat. No. 4,458,630 to Sharma et al., US. Pat. No. 4,681,063 
to Hebrank, and US. Pat. No. 5,158,038 to Sheeks et al. US. 
Patents cited herein are hereby incorporated by reference 
herein in their entireties. 

[0008] In ovo injections of substances typically occur by 
piercing the egg shell to create a hole through the egg shell 
(e.g., using a punch or drill), 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 
the treatment substance through the needle. An eXample of 
an injection device designed to inject through the large end 
of an avian egg is disclosed in US. Pat. No. 4,681,063 to 
Hebrank; this device positions an egg and an injection 
needle in a ?xed relationship to each other, and is designed 
for the high-speed automated injection of a plurality of eggs. 
Alternatively, US. Pat. No. 4,458,630 to Sharma et al. 
describes a bottom (small end) injection machine. 

[0009] In commercial poultry production, only about 50% 
to 90% of commercial broiler eggs hatch. Eggs that do not 
hatch include eggs that Were not fertiliZed (Which may 
include rots), as Well as fertiliZed eggs that have died (often 
classi?ed into early deads, mid-deads, rots, and late deads). 
Infertile eggs may comprise from about 5% up to about 25% 
of all eggs set. Due to the number of dead and infertile eggs 
encountered in commercial poultry production, the increas 
ing use of automated methods for in ovo injection, and the 
cost of treatment substances, an automated method for 
identifying, in a plurality of eggs, those eggs that are suitable 
for injection and selectively injecting only those eggs iden 
ti?ed as suitable, is desirable. 

[0010] US. 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 opera 
tor, Who marks any eggs considered non-viable. Non-viable 
eggs are manually removed before the eggs are conveyed to 
the inoculating station. 

SUMMARY OF THE INVENTION 

[0011] According to embodiments of the present inven 
tion, a method for classifying poultry eggs includes provid 
ing a plurality of eggs each having a respective physical egg 
location, measuring the opacities of the eggs, measuring the 
temperatures of the eggs, and classifying the eggs as a 
function of the opacities and the temperatures of the eggs. 
The step of classifying includes identifying clear eggs of the 
plurality of eggs using the opacities of the eggs, determining 
a spatial temperature trend among the plurality of eggs using 
the identi?cation of the clear eggs, and identifying live eggs 
of the plurality of eggs using the spatial temperature trend. 

[0012] Preferably, the step of determining a spatial tem 
perature trend includes generating a temperature trend map 
including a predicted egg temperature for each egg location. 
The step of identifying the live eggs may include comparing 
the measured temperatures and the predicted temperatures. 

[0013] The step of classifying may include correcting the 
egg temperatures for relative egg locations using the iden 
ti?cation of the clear eggs, and identifying live eggs of the 
plurality of eggs using the corrected egg temperatures. The 
step of identifying live eggs may include determining a 
threshold temperature, comparing the corrected egg tem 
peratures to the threshold temperature, and classifying the 
eggs having a corrected egg temperature greater than the 
threshold temperature as live. 
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[0014] The method may include identifying upside-doWn 
eggs and excluding the temperatures of the upside-doWn 
eggs from the temperature trend determination. 

[0015] According to further embodiments of the present 
invention, a method for classifying poultry eggs includes 
measuring the opacities of the eggs, measuring the tempera 
tures of the eggs, and classifying the eggs as a function of 
the opacities and the temperatures of the eggs. The step of 
classifying includes identifying clear eggs of the plurality of 
eggs using the opacities of the eggs, and identifying live 
eggs of the plurality of eggs using the temperatures of the 
eggs. The step of identifying live eggs is facilitated by the 
identi?cation of the clear eggs. 

[0016] The step of classifying may include identifying a 
remaining group of the eggs, the remaining group not 
including the clear eggs, and identifying live eggs in the 
remaining group using the temperatures of the eggs of the 
remaining group and not the temperatures of the clear eggs. 
The method may further include identifying at least one 
other class of non-live eggs, preferably early dead eggs. The 
eggs may be physically separated into at least three groups 
including a live egg group, a clear egg group, and a non-live 
and non-clear egg group. 

[0017] According to other embodiments of the present 
invention, an apparatus for classifying a plurality of poultry 
eggs each having an opacity and a temperature includes 
means for detecting the opacities of the eggs, means for 
detecting the temperatures of the eggs, and means for 
classifying the eggs using the opacities and the temperatures 
of the eggs. The means for classifying identi?es clear eggs 
of the plurality of eggs using the opacities of the eggs, and 
identi?es live eggs of the plurality of eggs using the tem 
peratures of the eggs. The identi?cation of live eggs is 
facilitated by the identi?cation of the clear eggs. 

[0018] The means for classifying may correct the egg 
temperatures for relative egg locations using the identi?ca 
tion of the clear eggs, and identify live eggs of the plurality 
of eggs using the corrected egg temperatures. The means for 
classifying may identify a remaining group of the eggs, the 
remaining group not including the clear eggs, and identify 
live eggs in the remaining group using the temperatures of 
the eggs of the remaining group and not the temperatures of 
the clear eggs. The means for classifying may identify at 
least one other class of non-live eggs, preferably early dead 
eggs. The apparatus may include an injector operative to 
inject live eggs With a treatment substance. 

[0019] Preferably, the means for detecting the opacities of 
the eggs includes a light candling system Which detects the 
opacities of the eggs and generates opacity signals corre 
sponding to the egg opacities, the means for detecting the 
temperatures of the eggs includes a thermal candling system 
Which detects the temperatures of the eggs and generates 
temperature signals corresponding to the egg temperatures, 
and the means for classifying the eggs includes a controller 
Which receives the opacity and temperature signals and 
classi?es the eggs as a function of the opacities and tem 
peratures of the eggs, the controller being operative to 
selectively generate a control signal based on the egg 
classi?cations. The light candling system may comprise an 
infrared emitter and an infrared detector, and the thermal 
candling system may comprise an infrared sensor. 
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[0020] According to further embodiments of the present 
invention, a method for classifying poultry eggs includes 
providing a plurality of eggs each having a respective 
physical egg location, measuring the temperatures of the 
eggs, and classifying the eggs as a function of the tempera 
tures of the eggs. The step of classifying includes determin 
ing a spatial temperature trend among the plurality of eggs, 
and identifying live eggs of the plurality of eggs using the 
spatial temperature trend. 

[0021] The step of determining a spatial temperature trend 
may include generating a temperature trend map including a 
predicted egg temperature for each egg location. The step of 
classifying may include correcting the egg temperatures for 
relative egg locations, and identifying live eggs of the 
plurality of eggs using the corrected egg temperatures. 

[0022] Objects of the present invention Will be appreciated 
by those of ordinary skill in the art from a reading of the 
Figures and the detailed description of the preferred embodi 
ments Which folloW, such description being merely illustra 
tive of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is a schematic vieW of an apparatus accord 
ing to the present invention for selectively classifying, 
sorting and treating poultry eggs; 

[0024] FIG. 2 is a top vieW of a ?at of eggs in a candling 
station of the apparatus of FIG. 1; 

[0025] FIG. 3 is a side elevational vieW taken along the 
line 3-3 of FIG. 2; 

[0026] FIG. 4 is an end elevational vieW taken along the 
line 4-4 of FIG. 2; 

[0027] FIG. 5 is a detailed vieW of a light source mounting 
block and a light detector mounting block of the apparatus 
of FIG. 1; 

[0028] FIG. 6 is a How chart representing a method 
according to the present invention for selectively classify 
ing, sorting and treating poultry eggs; 

[0029] FIG. 7 is a side elevational vieW of a treatment 
station forming a part of the apparatus of FIG. 1; 

[0030] FIG. 8 is an enlarged vieW of an injection head of 
the treatment station of FIG. 7; 

[0031] FIG. 9 is a histogram of a distribution of measured 
temperatures of an exemplary array of eggs; 

[0032] FIG. 10 is a histogram of the distribution of 
corrected temperatures of the array of eggs of FIG. 9, 
Wherein the temperatures have been corrected Without using 
light candling data; 

[0033] FIG. 11 is a histogram of the distribution of 
corrected temperatures of the array of eggs of FIG. 9, 
Wherein the temperatures have been corrected using light 
candling data; and 

[0034] FIG. 12 is a How chart representing a further 
method according to the present invention for selectively 
classifying, sorting and treating poultry eggs. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0035] The present invention noW Will be described more 
fully hereinafter With reference to the accompanying draW 
ings, in Which preferred embodiments of the invention are 
shoWn. This invention may, hoWever, be embodied in many 
different forms and should not be construed as limited to the 
embodiments set forth herein; rather, these embodiments are 
provided so that this disclosure Will be thorough and com 
plete, and Will fully convey the scope of the invention to 
those skilled in the art. Like numbers refer to like elements 
throughout. 

[0036] The present invention may be carried out With any 
types of avian eggs, including chicken, turkey, duck, geese, 
quail, and pheasant eggs. Chicken eggs are particularly 
preferred. 

[0037] Typically, eggs are inoculated on or about the 
eighteenth day of age. At such time, an egg may be one of 
several commonly recogniZed types. The egg may be a 
“live” egg, meaning that it has a viable embryo. The egg may 
be a “clear” or “infertile” egg, meaning that it does not have 
an embryo. More particularly, a “clear” egg is an infertile 
egg that has not rotted. The egg may be an “early dead” egg, 
meaning that it has an embryo Which died at about one to 
?ve days old. The egg may be a “mid-dead” egg, meaning 
that it has an embryo Which died at about ?ve to ?fteen days 
old. The egg may be a “late mid-dead” egg, meaning that it 
has an embryo Which died at about ?fteen to eighteen days 
old. The egg may be a “rot” egg, meaning that the egg 
includes a rotted infertile yolk (for eXample, as a result of a 
crack in the egg’s shell) or, alternatively, a rotted, dead 
embryo. While an “early dead”, “mid-dead” or “late mid 
dead egg” may be a rotted egg, those terms as used herein 
refer to such eggs Which have not rotted. The egg may be an 
“empty” egg, meaning that a substantial portion of the egg 
contents are missing, for eXample, Where the egg shell has 
cracked and the egg material has leaked from the egg. 
Additionally, from the perspective of many egg detecting 
and identifying devices, an egg tray may be missing an egg 
at a particular location, in Which case, this location may be 
termed a “missing” egg. An egg may be placed in an egg tray 
such that it is an “upside-down” egg, meaning that the egg 
has been placed in the tray such that the air cell thereof is 
mislocated, typically With the blunt end doWn. Clear, early 
dead, mid-dead, late mid-dead, and rot eggs may also be 
categoriZed as “non-live” eggs because they do not include 
a living embryo. 

[0038] Typically, eggs are held in trays on racks in carts 
for incubation in relatively large incubators. At a selected 
time, typically on the eighteenth day of age, a cart of eggs 
is removed from the incubator for the purposes of, ideally, 
separating out un?t eggs (namely, deads, rots, empties, and 
clears), inoculating the live eggs and transferring the eggs 
from the setting ?ats to the hatching baskets. Certain prac 
tical aspects of the incubation, handling and measuring 
processes may substantially diminish the accuracy of the 
methods and apparatus for distinguishing betWeen live and 
dead eggs using thermal candling devices. The temperatures 
of the eggs may differ based on their relative locations in the 
incubator because different temperatures or air ?oWs may be 
present at different locations in the incubator. Also, the 
thermal environment outside of the incubator may be poorly 
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controlled. As a result, different trays and sections of trays 
often eXperience different cooling rates depending on their 
positions in the cart and eXposure to air drafts. 

[0039] In the candling method and apparatus described in 
US. Pat. No. 4,914,672 to Hebrank, for eXample, a thermal 
candling system measures the temperature of each egg from 
the bottom. The thermal candling system determines a 
threshold temperature. Eggs above the threshold tempera 
ture are deemed live and eggs beloW the threshold tempera 
ture are deemed non-live (Which includes dead and clear 
eggs). 

[0040] The accuracy of the chosen threshold temperature 
is jeopardized by non-uniform cooling conditions as dis 
cussed above. In order to minimiZe the risk of improperly 
identifying a live egg as a non-live egg, the threshold 
temperature is generally set loWer than the predicted tem 
perature of a live egg. Correction factors have been applied 
to better approximate the appropriate threshold temperatures 
for different eggs or groups of eggs; hoWever, these correc 
tion factors are not as accurate as desired. 

[0041] While it is disadvantageous to discard live eggs, it 
is also disadvantageous to retain certain non-live eggs. In 
particular, if rot or dead eggs are retained and inoculated, the 
inoculating needle may be contaminated, risking infection of 
subsequent live, healthy eggs. Furthermore, the treatment 
substance is Wasted if injected in a non-live egg. 

[0042] Furthermore, in some instances, it may be desirable 
to identify clear eggs (i.e., infertile, non-rotted eggs) and 
early dead eggs. While not suitable for producing broilers, 
these eggs may be useful for commercial food service or loW 
grade food stock (e.g., dog food). The presence of bacterial 
contamination from rots decreases the value of this food 
stock. 

[0043] The present invention is directed to a method and 
an apparatus for identifying types of eggs Which use both a 
thermal candling system and a light candling system. The 
light candling system augments the accuracy of the thermal 
candling system and may identify types of eggs Which the 
thermal candling system may not effectively identify. By use 
of the inventive method and apparatus, the number of 
improperly discarded live eggs and the number of inoculated 
rotted or dead eggs may each be reduced. Additionally, clear 
and/or early dead eggs may be positively identi?ed and 
separated from other types of eggs. 

[0044] According to preferred embodiments, the light 
candling system is used to identify clear eggs. The thermal 
candling system is used to distinguish live eggs from non 
live eggs using a threshold temperature. The threshold 
temperature is preferably determined by measuring the 
temperatures of all or selected ones of the eggs in a tray and 
deriving therefrom the temperature above Which the eggs are 
expected to be live. The accuracy of this determination is 
facilitated by use of data collected from the light candling 
system. In this Way, the identi?cation of live eggs versus 
non-live eggs (i.e., dead, rotted, empty, missing and clear 
eggs) may be more accurately made, thereby reducing the 
number of improperly retained rotted or dead eggs Which 
might otherWise contaminate inoculation needles, and mini 
miZe the possibility of discarding a live egg. 
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[0045] To further enhance classi?cation accuracy, a spatial 
temperature trend among the eggs may be determined to 
account for temperature variations across the ?at due to 
non-uniform micro-environments (for example, resulting 
from non-uniform air ?oWs in incubators and hallWays). 
Preferably, a temperature trend map for the eggs is generated 
and used to evaluate the measured egg temperatures. The 
determination of the threshold temperature may be facili 
tated by correcting or compensating the measured egg 
temperatures. Preferably, the amount of correction is deter 
mined, at least in part, by considering the temperatures of all 
eggs eXcept the non-live eggs Which have been identi?ed by 
the light candling system as clear eggs. 

[0046] According to further preferred embodiments, the 
eggs are classi?ed by comparing the measured temperatures 
thereof to corresponding predicted temperatures of a tem 
perature trend map. Preferably, the predicted temperatures 
are determined, at least in part, by adjusting or eXcluding the 
temperatures of the eggs Which have been identi?ed as clear 
eggs by the light candling system. 

[0047] The determination of a spatial temperature trend 
may also be used in classifying the eggs Without using the 
light candling data and identi?cation of clears to determine 
the amount of correction or the predicted temperatures or to 
otherWise facilitate the classi?cation. Either of the foregoing 
methods may be modi?ed in this manner. 

[0048] The eggs Which are classi?ed as live may be treated 
by inoculation With a treatment substance or the like. 
Because the light candling system identi?es clear eggs and 
early dead eggs, these eggs may be separated from the other 
non-live eggs for other uses. That is, the non-live eggs may 
be further classi?ed as clear or early dead and non-clear or 
early dead. In this Way, the light candling system supple 
ments the thermal candling system Which may not reliably 
distinguish betWeen clear or early dead eggs and other 
non-live eggs. Optionally, the non-live eggs may be further 
classi?ed as infertiles and early dead or various stages of 
mid-dead. The classi?ed eggs are then physically separated 
and transported such that the live eggs are passed on for 
inoculation or other treatment, the clear eggs (and, option 
ally, the early dead eggs) are diverted for collection for other 
uses, and the remaining non-live eggs are discarded. 

[0049] In the case of upside-doWn eggs, the light candling 
system may be used to determine if the egg is clear as 
opposed to live or dead. Optionally, the thermal candling 
system may include sensors for measuring the temperatures 
at each end of an upside-doWn egg to determine Whether the 
egg is live or non-live. 

[0050] The light candling system may be used to further 
estimate the quantities or statistics of early mid-dead, mid 
dead, late mid-dead, rot and empty eggs. Such information 
may be desired for the purposes of evaluating groups of 
eggs. 

[0051] Turning to the preferred embodiments of the 
method and the apparatus in greater detail, said method and 
apparatus identify, classify, report, sort, and inoculate or 
otherWise treat eggs of a group of eggs. It Will be appreciated 
that various aspects and features of the method and appa 
ratus may be omitted or used separately from the described 
method and apparatus. The method and apparatus employ 
both a thermal candling system and a light candling system 
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to identify each or selected ones of the eggs. A controller of 
the apparatus collects data regarding the eggs from the 
thermal candling system and the light candling system, 
classi?es the eggs, and sorts or treats the eggs in accordance 
With their classi?cations and pre-determined standards or 
parameters. 

[0052] With reference to FIG. 1, an apparatus 10 accord 
ing to the present invention is shoWn schematically therein. 
The apparatus 10 is used to sort and treat a plurality of eggs 
2 Which are preferably provided in a ?at 12. The apparatus 
10 includes an identi?cation or candling station 8 (herein 
after, “the candling station 8”). The candling station 8 in turn 
includes a light candling system 20 and a thermal candling 
system 30. The light candling system 20 and the thermal 
candling system 30 each serve to assess various character 
istics of the eggs Which may be used to evaluate and classify 
the eggs. 

[0053] The light candling system 20 and the thermal 
candling system 30 are operatively connected to a controller 
40. The controller 40 controls the candling station 8 and 
receives and processes signals from the candling station 8. 
The controller 40 also collects and analyZes data regarding 
each or selected ones of the eggs from the candling station 
8 and, using this data, classi?es the eggs as to type. Adisplay 
42 and a user controlled interface 44 are provided to alloW 
the operator to interact With the controller 40. 

[0054] A sorting station 60 may be provided doWnstream 
of the candling station 8. As discussed beloW, the controller 
40 generates a selective removal signal based on the pres 
ence and relative position of each suitable egg to cause the 
sorting station 60 to remove prescribed classes of eggs. The 
prescribed classes preferably include clear eggs and may 
also include other non-live eggs. 

[0055] A treatment station 50 is provided doWnstream of 
the candling system 8. As discussed beloW, the controller 40 
generates a selective treatment signal based on the presence 
and relative position of each suitable egg to cause the 
treatment station 50 to treat, for eXample, by inoculation 
With a treatment substance, prescribed classes of eggs. 

[0056] A conveying system 7 serves to transport the eggs 
through and, optionally, betWeen, each of the stations 8, 50, 
and 60. The conveying system 7 includes conveyors 7A, 7B 
and 7C associated With the stations 8, 60 and 50, respec 
tively. The conveyors 7A, 7B, 7C may be separate convey 
ors or a continuously con?gured conveyor. 

[0057] With reference to FIGS. 2-5, the candling station 8 
and the associated conveyor 7A are shoWn therein. As 
discussed above, the candling system 8 includes the light 
candling system 20 and the thermal candling system 30. The 
conveyor 7A transports the ?at 12 of eggs 2 by each of the 
light candling system 20 and the thermal candling system 
30. 

[0058] The light candling system 20 is preferably a light 
candling system as described in US. Pat. No. 5,745,228 to 
Hebrank et al., Which is hereby incorporated herein by 
reference in its entirety, Wherein light is pulsed at a fre 
quency different from (and preferably higher than) ambient 
light. Suitable light candling systems include the light can 
dling system forming a part of the Vaccine SaverTM vaccine 
delivery system available from EmbreX, Inc. of Research 
Triangle Park, NC. With suitable modi?cations. In over 
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vieW, the light candling system of US. Pat. No. 5,745,228 
comprises a photodetector associated With a photodetector 
ampli?er and ?lter circuit, Which is in turn associated With 
a PC analog input board, and a photoemitter (an infrared 
emitter) associated With an IR emitter driver circuit, in turn 
associated With a digital output board. The photoemitter and 
photodetector are positioned to be on opposite sides of an 
egg, preferably With the photodetector above and the pho 
toemitter beloW the egg, but these positions are not critical 
and could be reversed, or the emitter and detector placed in 
a different orientation, so long as light from the emitter 
illuminates the egg to the detector. The input and output 
boards may be installed in a personal computer, With opera 
tion of the system monitored on the display screen of the PC 
computer. 

[0059] In operation, the light candling system 20 uses time 
to alloW accurate measurement of the light from a single 
egg. Light is generated in short bursts from each photoemit 
ter (e.g., 50 to 300 microseconds) and the corresponding 
photodetector only monitors While its corresponding photo 
emitter is operational. To reduce the effect of ambient light, 
the output of a photodetector When no light is on is sub 
tracted from the reading When the light is on. Preferably, 
light is generated in a short burst from a photoemitter, and 
the corresponding photodetector monitors the light level 
immediately before, during, and immediately after the burst 
of light is generated. A?at of eggs is continuously “scanned” 
as it moves through the identi?er With each detector-source 
pair active only While at least adjacent, and preferably all 
other, pairs are quiescent. 

[0060] Turning to the construction of the light candling 
system 20 in more detail and With reference to FIGS. 2-5, the 
light candling system 20 includes an infrared light emitter 
mounting block 11 and an infrared light detector mounting 
block 21 mounted on the conveyor 7A. The infrared light 
emitter mounting block 11 is comprised of an opaque black 
plate 16 With the infrared emitters 17 (Photonics Detectors, 
Inc. Part number PDI-E805) mounted thereto. These emit 
ters include an integral lens, but a nonintegral lens system 
could also be provided for the emitter. These gallium 
arsenide light-emitting diodes emit infrared light With a 
Wavelength of 880 nanometers and can be sWitched on or off 
With activation times of about one microsecond. An opaque 
polymer block 18 that is 0.5 inches thick has 1A inch 
diameter holes 18A bored therethrough in corresponding 
relation to each emitter. A 0.040“ polycarbonate sheet 19 
(opaque eXcept for a 0.25 inch circle above each emitter) 
overlies the block 18. The structure of the mounting block 
thus provides an optical aperture positioned betWeen the egg 
and the light emitters 17. In one embodiment, sheets avail 
able commercially for overhead projector transparencies are 
used. 

[0061] Likewise, the infrared light detector mounting 
block 21 is comprised of an opaque back plate 26 With the 
infrared detectors 27 (Texas Instruments Part number 
TSL261) mounted thereto. Integral lenses or non-integral 
lens systems could optionally be provided With the detec 
tors. An opaque polymer block 28 that is 0.5 inches thick has 
% inch diameter holes 28A bored therethrough in corre 
sponding relation to each emitter. A 0.040 inch polycarbon 
ate sheet 29 (opaque eXcept for a 0.25 inch circle above each 
detector) overlies the block 28. The polycarbonate sheets 
may be a light-blocking, infrared transmissive polymer that 
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have about 90% transmittance of Wavelengths betWeen 750 
and 2000 nanometers. The infrared light from the emitters 
has a Wavelength near 880 nanometers. Thus, the sheets 
serve, at least in part, to block and ?lter ambient light. Again, 
the structure of the mounting block thus provides an optical 
aperture positioned betWeen the egg and the light detectors 
27. 

[0062] In all cases, opaque materials are preferably black. 
The apparatus is con?gured so that the distance “a” from the 
top of the egg to the polymer ?lm 29 is from 1/2 to one inch, 
and so that the distance “b” from the bottom of the egg to the 
polymer ?lm 19 is from 1/2 to one inch, With a distance of 0.5 
inches preferred. Note that some egg Hats and the variety of 
egg siZes cause this distance to typically range from 3/8 inch 
to one inch. The siZe of the vieWed area on the egg is 
typically from about 0.1 inches to about 0.3 inches in 
diameter. Smaller areas typically give better rejection of 
light re?ected off of adjacent eggs. 

[0063] A sWitching circuit is operatively associated With 
the light source for cycling the intensity of the light from the 
emitters 17 at a frequency greater than 100 cycles per 
second, and preferably at a frequency greater than 200 or 
400 cycles per second. An electronic ?lter is operatively 
associated With the light detectors 27 and is con?gured to 
distinguish light emitted from the light source from ambient 
light (i.e., by ?ltering out higher and/or loWer frequency 
light signals detected by the detector). All may be conven 
tional circuitry, and numerous variations thereon Will be 
readily apparent to those skilled in the art. 

[0064] In operation, each emitter 17 is typically turned on 
for about 250 microseconds. The output of each photode 
tector 27 is ampli?ed by a bandWidth-limited ?lter (2 kHZ 
loW pass ?lter combined With a 1.0 kHZ high pass ?lter). The 
?lter maXimiZes detection of the 250 microsecond pulses of 
light from the photoemitters While minimiZing noise from 
either electronic circuitry or stray light in the environment. 
The output from each ?lter is sampled about 120 microsec 
onds after the corresponding emitter is turned on. The 
samples are digitiZed and recorded by the computer. A 
second sample is taken about 250 microseconds after the 
corresponding emitter is turned off. The off-light sample 
When subtracted from the on-light sample further improves 
rejection of ambient lighting around the identi?er. 

[0065] In another embodiment of the light emitter mount 
ing block 11, the diodes are mounted in an opaque polymer 
block 18 that positions the diodes and protects them from 
Water and dust in the Working environment. A ?at sapphire 
WindoW above each diode is transparent to the light from the 
diode. Similarly, the light detector mounting block 21 may 
be comprised of an opaque back plate 26 With lensed 
infrared detectors (IPL Part number IPL10530DAL) 
mounted thereto. An opaque polymer block 28 that is 0.6 
inches thick has 0.33 inch diameter holes bored therethrough 
in corresponding relation to each emitter. A transparent 
sapphire WindoW alloWs light passing through an egg to 
illuminate the detector above it. Some of the photoemitters 
may be slightly off set from the center line of the eggs so that 
they miss the conveyor belts. 

[0066] In another embodiment, in the operation of an 
apparatus as described above, each emitter is typically 
turned on for about 70 microseconds. The output from each 
detector is sampled just before and about 70 microseconds 
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after the corresponding emitter is turned on. A third sample 
is taken about 70 microseconds after the corresponding 
emitter is turned off. The samples are digitized and recorded 
by the computer. The off-light samples are averaged and 
subtracted from the on-light sample to improve rejection of 
ambient lighting around the identi?er. 

[0067] While preferred light candling systems have been 
described, any other suitable device for measuring the 
opacities of eggs may be used in the method and apparatus 
of the present invention. Such other suitable devices Will be 
apparent to those of skilled in the art from upon reading the 
description herein. 

[0068] The controller 40 is operatively connected to and 
actuates the infrared emitters 17 to pulse light at a frequency 
different than (and preferably higher than) the ambient light 
as described above. A portion of the light from the emitters 
17 is transmitted through the eggs 2 and received by the 
corresponding detectors 27. The controller 40 is operatively 
connected to and receives signals generated by each detector 
27 corresponding to the light level (or irradiance) of the 
gloWing egg and the resulting intensity of the light incident 
at the detector 27. In this manner, the controller is provided 
by the light candling system 20 With assessments of the 
respective opacities of the eggs. It is not necessary that the 
detectors 27 be collinearly aligned With their associated 
emitters 17 because the light entering the eggs is diffused by 
the shells and contents of the eggs. 

[0069] The thermal candling system 30 is preferably a 
thermal candling system as described in US. Pat. No. 
4,914,672 and in Us. Pat. No. 4,955,728, each to Hebrank, 
each of Which are hereby incorporated herein in their entire 
ties. The thermal candling system 30 includes a mounting 
bracket 31 and a plurality of infrared thermal sensors 37 
mounted therein at locations corresponding to each egg 2 in 
a roW of the ?at 12. The thermal sensors 37 are operative to 
measure the infrared radiation emitted by each egg passed 
thereby. The controller 40 is operatively connected to each 
of the infrared thermal sensors 37 to receive signals from the 
sensor 37 corresponding to the temperature at the sensor 37. 
Means associated With either the sensors 37 or the controller 
40 convert the infrared radiation measurement to a corre 
sponding temperature value, typically using a standard algo 
rithm and calibration data. The sensors 37 may be infrared 
thermometers Which produce an output signal in degrees 
Celsius or Fahrenheit and require no further conversion. As 
an alternative, the temperature measurements may be made 
by contact temperature sensors (not shoWn) such as ther 
mistors or thermocouples Which are placed against sides or 
non-air cell ends of the eggs or by an infrared video camera. 

[0070] As used herein, the designation “infrared radiation” 
refers to electromagnetic radiation having a Wavelength of 
betWeen about 2.5 and about 50 microns (or expressed 
differently, that having a frequency of betWeen about 200 
and about 4000 inverse centimeters cm-1 or “Wave num 
bers”). As understood by those familiar With infrared (IR) 
radiation and the IR spectrum, the frequencies of electro 
magnetic radiation generally characteriZed as infrared are 
emitted or absorbed by vibrating molecules, and such vibra 
tions generally correspond to the thermal state of a material 
in relation to its surroundings. All solid bodies Whose 
temperatures are above absolute Zero radiate some infrared 

energy, and for temperatures up to about 3500 K (3227° 
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Celsius, 5840° Fahrenheit), such thermal radiation falls 
predominately Within the infrared portion of the electromag 
netic spectrum. There thus eXists a rather straightforWard 
relationship betWeen the temperature of a body and the 
infrared radiation Which it emits. In the present invention, 
the monitoring of radiation in the range of 8-14 microns is 
currently preferred. 

[0071] As further understood by those familiar With elec 
tromagnetic radiation, hoWever, Wavelengths beloW 2.5 
microns (usually 0.8 to 2.5 microns or 4000-12,500 cm_1) 
are also considered as the “near IR” portion of the electro 
magnetic spectrum, and represent vibrational “overtones” 
and loW level electronic transitions. Similarly, Wavelengths 
above 50 microns (usually 50 to about 1000 microns or 
10-200 cm_1) are considered to be “far IR” portion of the 
electromagnetic spectrum and represent energy associated 
With molecular rotations. 

[0072] It Will thus be understood that the designation 
“infrared” is used in a descriptive rather than a limiting sense 
and that measurement of thermal radiation from eggs Which 
falls outside of these particular frequencies is encompassed 
by the scope of the present invention. 

[0073] Optionally, the thermal candling system 30 may 
include thermal sensors 37 positioned to detect the tempera 
ture at both ends of each egg. In this manner, an accurate 
reading of the temperatures of eggs positioned upside-doWn 
in the ?at may be made. The controller 40 should be 
programmed to recogniZe the presence of an upside-doWn 
egg from the temperature differential betWeen the associ 
ated, opposed thermal sensors 37, and to classify the egg 
according to the temperature measured at the non-air cell 
end. Further, the controller 40 may be operative to report the 
presence and location of the upside-doWn egg via the display 
44. 

[0074] Preferably, the eggs are carried in egg ?ats 12 as 
described herein; hoWever, as Will be apparent to those 
ordinarily skilled in the art, any means of presenting a 
plurality of eggs over time to the candling station 8 for 
identi?cation of suitable eggs can be used in the present 
methods. The eggs may pass one at a time under the candling 
station 8 or, as described herein, the candling station 8 may 
be con?gured so that a number of eggs can pass under the 
candling station 8 simultaneously. 

[0075] Any ?at of eggs With roWs of eggs therein may be 
used, and While ?ve roWs are illustrated in the ?at 12 shoWn 
schematically in FIG. 2, the ?at may contain any number of 
roWs, such as seven roWs of eggs, With roWs of siX and seven 
being most common. Eggs in adjacent roWs may be parallel 
to one another, as in a “rectangular” ?at, or may be in a 
staggered relationship, as in an “offset” ?at (not shoWn). 
Examples of suitable commercial ?ats include, but are not 
limited to, the “CHICKMASTER 54” ?at, the 
“JAMESWAY 42” ?at and the “JAMESWAY 84” ?at (in 
each case, the number indicates the number of eggs carried 
by the ?at). As illustrated in FIGS. 2 and 3, the ?at 12 is an 
open bottom setting ?at and carries tWenty-?ve eggs in a 
?Xed array of ?ve roWs of ?ve eggs each. 

[0076] The ?at 12 rides on the conveyor 7A. As shoWn, the 
conveyor 7A includes drive chains 13, chain drive motor 14 
and chain drive dogs 15 that move the ?at along the guide 
rails 22 adjacent the path of the chain 13. In an alternate, 
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preferred embodiment, the chain drive and dogs are replaced 
With a pair of polymeric conveyor belts riding on support 
rails, Which conveyor belts are 3/8 inch diameter and ride on 
0.5 inch frames. Such belts are as found on egg injection 
equipment, particularly the EMBREX INOVOJECT® egg 
injection apparatus, and are desirable for their comparability 
With operator safety and corrosion resistance. Egg ?ats are 
typically moved at rates of 10 to 20 inches per second. The 
eggs are preferably placed in the ?at such that the air cell 
ends thereof do not pass adjacent the thermal sensors 37. 

[0077] As discussed above, the infrared emitters 17, the 
infrared detectors 27 and the infrared thermal sensors 37 are 
each operatively connected to the controller 40. The con 
troller 40 includes processing means Which: 1) generate 
control signals to actuate and deactuate the emitters 17; 2) 
receive and process the signals from the detectors 27 and the 
sensors 37; 3) process and store data associated With each 
egg; and 4) generate control signals to operate the treatment 
station 50 and the sorting station 60. The controller 40 
preferably includes a PC having a microprocessor or other 
suitable programmable or non-programmable circuitry 
including suitable softWare. The controller 40 may also 
include such other devices as appropriate to drive the 
emitters 17 and receive, process or otherWise assess and 
evaluate signals from the detectors 27 and the sensors 37. 
Suitable devices, circuitry and softWare Will be readily 
apparent to those of ordinary skill in the art upon reading the 
foregoing and folloWing descriptions and the disclosures of 
US. Pat. Nos. 5,745,228 to Hebrank et al. and US. Pat. No. 
4,955,728 to Hebrank. The processing computer and other 
devices may be housed in a common cabinet or separate 
cabinets. 

[0078] The operator interface 44 may be any suitable user 
interface device and preferably includes a touch screen or 
keyboard. The operator interface 44 may alloW the user to 
retrieve various information from the controller 40, to set 
various parameters and/or to program/reprogram the con 
troller 40. The operator interface 44 may include other 
peripheral devices, for eXample, a printer and a connection 
to a computer netWork. 

[0079] With reference to FIG. 6, the eggs may be 
assessed, classi?ed, sorted, treated and reported using the 
above described apparatus and the folloWing method. The 
method is premised on the discovery that regardless of 
thermal surroundings, non-live eggs, and in particular, clear 
eggs, tend to be cooler than live eggs under those same 
conditions. Because thermal surroundings and thermal his 
tory affect the absolute temperatures of both live and non 
live eggs, measurement of one egg’s individual temperature 
or cooling rate, standing alone, may not provide suf?cient 
information to determine Whether the egg is live or non-live. 

[0080] The individual egg temperatures are monitored and 
used to determine a threshold egg temperature for the 
selected group of eggs, it being understood that, as used 
herein, the term “threshold” means the computation of a 
relative standard temperature for the group against Which the 
temperatures of the individual eggs can be compared, and 
Which provides a threshold for determining Whether any 
given egg is live or non-live. The threshold temperature is 
determined, at least in part, by evaluating the temperatures 
of those eggs identi?ed as clear eggs. 
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[0081] Once the threshold temperature has been deter 
mined, the neXt step in the method of the invention is the 
determination of the difference betWeen each individual egg 
temperature and the threshold temperature of the selected 
group, folloWing Which the resulting status of each egg may 
be determined. The classi?ed eggs may thereafter be 
reported, sorted and treated as appropriate. 

[0082] Turning to the method in more detail, initially, 
certain parameters or thresholds are set (Block 602). These 
parameters may set the desired margins for error re?ective 
of the determined or eXpected costs of mis-classifying live 
eggs, clear eggs or rot eggs. The desired thresholds for the 
light intensities incident at the detectors 27, including any 
variances, are set. Some or all of the thresholds may be set 
by the operator or may be ?Xed or preset thresholds. Some 
or all of the thresholds may also be operator set but auto 
matically modi?ed by the controller 40 based on other 
conditions such as measured ambient light, average light 
levels for clears, or average light levels for lives. The light 
intensities incident at the detector 27 Will be inversely 
proportional to the opacities of the respective eggs 2. That is, 
more opaque eggs Will transmit less of the light from the 
associated emitters 17, thereby reducing the intensity of the 
light at the associated detectors 27 corresponding amounts. 
The thresholds preferably include threshold values Le, LC, 
Lmd and Lf, Which are related as folloWs: 

clear, early live, rot, 
missing I empty I dead mid-dead late dead 

Greater Lesser 

Light L6 L0 Lmd 14 Light 
Intensity Intensity 

[0083] clear, early dead or mid-dead. 

[0084] Additional thresholds may be used as Well. For 
eXample, thresholds may be set Which distinguish betWeen 
clear and early dead or early mid-dead and late mid-dead. 
Also, one or more thresholds may be omitted. For eXample, 
the Lrnd threshold may serve as the Lf threshold such that an 
egg for Which the light intensity at the associated detector 27 
is less than Lrnd Will be considered mid-dead, live, rot or late 
dead, and intensities greater than Lrnd but less than Le Will be 
considered clears and early deads. 

[0085] Certain temperature related values may also be set 
(Block 604). For example, standard deviations for egg 
temperatures may be set by an operator or may be ?Xed or 
preset. The threshold temperatures may also be automati 
cally modi?ed by the controller 40 based on other conditions 
such as coef?cient of variation of the clear eggs or the live 
eggs. The controller may be provided With a program 
including an algorithm and/or look up table for determining 
the threshold temperatures from the measured live and clear 
egg temperatures. 

[0086] The ?at 12 of eggs 2 is placed on the conveyor 7A 
Which transports the ?at to the light candling system 20. 
Preferably, the front edge of an egg ?at 12 is located either 
by the ?at 12 moving up to a ?Xed stop (not shoWn) or by 
a photo-optic device (not shoWn), also operatively associ 
ated With the computer, locating the front edge of the ?at. 




















