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_____________________________________________________________________________________ 
 
A hyperspectral imaging system was developed to detect problem hatching eggs (non-fertile or dead 
embryos) prior to or during early incubation and to detect table eggs with blood spots and cracked 
shells.  All eggs were imaged using a hyperspectral camera system (wavelengths detected from 400-
900nm) and a tungsten-halogen backlight.  Hatching and table eggs with and without defects were 
imaged then broken out for confirmation of defects.  Overall, the hyperspectral imaging system 
appears capable of detecting developing hatching eggs by Day 3 of incubation at a 91% rate for 
white shell eggs, and an 83% rate for brown shell eggs.   Blood spots in table eggs can readily be 
detected with at least a 90% accuracy rate.  Cracked shells are difficult for the hyperspectral 
system to detect under typical conditions.  Hyperspectral imaging is capable of detecting hatching 
egg development during early incubation and blood spots in table eggs, but does not readily detect 
cracked shells.    
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Introduction 
 
 Technologies have been developed as non-destructive methods for determining egg quality.  
Machine vision and other techniques have been developed and tested to address a range of egg problems 
as reviewed by De Ketelaere, et al. (2004).  Systems developed include blood spot and bloody white 
detection in intact eggs by various methods where the spectrum of light transmitted through the egg was 
analyzed. (Brant et al., 1953; Gielen et al, 1979; Patel et al., 1996; Schouenberg, 2003).  Spectral analysis 
of transmitted light has also been used with various detection devices to attempt to determine fertility or 
early development in hatching eggs (Das and Evans, 1992a; Das and Evans, 1992b; Bamelis et al., 2002; 
Liu et al., 2004).  Bamelis et al. (2002) also employed an acoustic resonance analysis method for embryo 
detection.  Other systems have been developed to detect infertile, dead, or contaminated hatching eggs 
during transfer at 18 days to minimize cross-contamination during vaccination (Chalker, 2003).  Three 
current areas of research in our laboratory that incorporates hyperspectral imaging for the study of egg 
quality include: 1) determination of fertility and early embryo development of hatching eggs; 2) detecting 
blood spots inside table eggs; and, 3) detecting shell cracks.       
 Poultry hatcheries continue to set and hatch large numbers of eggs while attempting to lower 
costs of equipment and labor. However, a percentage of eggs set will not hatch, and during incubation 
several of these eggs may contaminate the hatching cabinet with bacteria or molds.  Infertile egg rates 
range from 1% to 18% depending on a number of factors such as bird type or flock age, which results in 
commercial hatcheries incubating approximately one billion eggs per year that are infertile.  Hatcheries 
tend to load incubators to maximum capacity to increase utility efficiency, which may drop hatchability 
by 0.5% to 2% due to decreased ventilation and higher temperatures in the racks (French, 1997).  
Thermometer readings in the incubator also have been observed to read lower than actual temperatures, 



which easily leads to overheating in the racks (Mauldin and Buhr, 1995).  Currently, about 5% of eggs are 
candled after 10 days of incubation and “clear” eggs from this group are removed and counted to 
determine flock fertility.  All of the infertile eggs included in the 95% of eggs not candled at that time 
remain in the incubator for the duration.  These remaining infertile eggs are likely to harbor and grow 
pathogenic bacteria or molds, contributing to cross-contamination when these eggs build up pressure 
during decomposition and “explode” in the incubator. 
 More than 90 billion table eggs are produced each year in the U.S.A.; although blood spots 
appear in less than 1%, many millions of eggs contain blood spots.  Manual or computer-assisted candling 
machines are used to remove these eggs prior to packaging and distribution to the consumer.  Blood spots 
may be due to a variety of factors (genetics, caging, range feding, and seasonality) as reviewed by Lerner 
and Taylor (1947), and also may be caused by stress (Campo and Gill, 1998).  Brant et al. (1953) used a 
spectrophotometer to determine that a 575 nm wavelength was crucial to detecting blood inside intact 
table eggs.  A simple vision system was paired with a neural network to detect blood spots in eggs (Patel 
et al., 1996) although results did not exceed 91% accuracy.  Detection accuracy was improved somewhat 
with a color vision system and additional neural network training (Patel et al., 1998).              
 External egg defects may include stained, cracked or checked shells.  Vision imaging has been 
used to detect dirt on stains on brown shell eggs (Mertens et al., 2005).  Cracked egg shells may pose 
more of a threat due to a possible increase in human Salmonella outbreaks from egg contents 
contaminated with pathogens that enter through cracks in the shell (Todd, 1996).  Crack detection using 
imaging has been conducted by a number of researchers using slightly different methods; however, the 
accuracy of detection ranged from 88% to 96% (Elster and Goodrum, 1991; Goodrum and Elster, 1992; 
Han and Feng, 1994; Worley and Goodrum, 1995; and Patel et al., 1998).  Because of the difficulty of 
detecting cracks with vision imaging, especially small cracks and checks, acoustical testing is usually 
employed (Cho et al., 2000; De Ketelaere et al., 2000) and has been incorporated into most commercial 
egg processing systems.   
  Because of the large number of hatching and table eggs produced each year, and their potential 
impact on food safety, it is important to develop an accurate and fast system for detecting egg defects.  
Therefore the purpose of these experiments was to determine the feasibility of a hyperspectral imaging 
system to detect infertile or non-developing hatching eggs, blood spots in table eggs, and cracked egg 
shells.    
 
 
Materials and Methods 
 
Imaging System Components. 
 The imaging system consisted of a 12 bit digital camera with silicon CCD detector connected to a 
spectrograph and lens assembly.  The camera was attached to a computer with software capable of 
capturing a hypercube image.  Each pixel in the image contained spectra from approximately 400 to 900 
nm.  Eggs presented to the system were placed on a flat surface with a 29 mm diameter cutout; a 
tungsten-halogen (150 watt) light mounted below the surface provided a candling effect.   
Hatching Egg Fertility and Development. 
 The following experiment was reported by Smith et al. (2005): A commercial hatchery provided 
layer-type white shell eggs from Single-Comb White Leghorns (SCWL) for each of two trials utilizing 48 
eggs each.  Eggs were incubated at 37.5 C (99.5 F), 85% relative humidity, with hourly automatic turning.  
On Day 0 and at Days 1, 2, and 3 of incubation, 12 eggs were removed from the incubator, imaged, and 
broken out for visual confirmation of fertility or development.  Images were taken with the egg lying 
horizontal to the camera.  Twelve brown shell broiler-type eggs were obtained locally from broiler layers 
and incubated at settings as described above.  On Day 0 twelve eggs were imaged, then the same 12 eggs 
were incubated for 1, 2, and 3 days; imaging was conducted on the same 12 eggs each subsequent day.  



On Day 6 the eggs were visually assessed for embryo development.  Images were taken with the egg 
standing vertical to the camera, with the air cell up. 
 SCWL white shell eggs were exposed for 30 ms and a ratio of transmission images at two 
wavelengths, 576 and 655 nm was used for analysis.  The ratio was used to differentiate pixels from the 
entire image as positive or negative fertility or embryo development, using an algorithm to mask the 
negative pixels in the image interior and non-essential background exterior pixels.  The same process was 
used for broiler chicken brown shell eggs, except they were exposed for 250 ms and wavelengths used 
were 576 nm, then a range of wavelengths (682+/-13nm, varying across eggs).  Using a range was 
necessary as the brown shell pigments resulted both in decreased light transmission and increased the 
amount of variability between individual eggs.  The lower wavelength (576 nm) was chosen as it 
provided the maximum spectral difference between infertile and fertile eggs in layer-type eggs.  The 
upper wavelength was chosen (655 nm for layer eggs, 682 nm plus or minus 13nm for broiler eggs) as it 
represented the maximum light transmission through the egg (peak signal to the detector).  
Blood Spot Detection. 
 In a preliminary series of experiments, a total of 240 white-shell table eggs were obtained from a 
commercial processor.  Eggs were imaged on their sides (horizontal to the camera) for an exposure time 
of 50 ms.  A ratio of transmission images at two wavelengths, 577 and 565, were used to determine if 
pixels from the image were positive for blood.  An algorithm was used to mask negative and other non-
essential pixels.      
Cracked Shell Detection. 
 A total of 30 eggs were obtained from a commercial egg processor in a preliminary experiment.  
These eggs contained cracked or checked shells as determined by the egg grader at the location.  Eggs 
were imaged on their sides.  A variety of exposure times were used to optimize the difference between 
normal shell spectra and crack spectra.  For the same reason a variety of spectral and spatial analyses 
were used.     
 
 
Results and Discussion 
 
Hatching Egg Fertility and Development. 
 The hatching egg study originally reported by Smith et al. (2005) produced the following results 
(summarized in Table 1).  The hyperspectral imaging system detected fertile and developing embryos 
from layer type white shell eggs at the following rate: on Days 0 and 1 only 1 of the 46 eggs confirmed as 
positive by breakout was detected; on Day 2 60% of the 20 eggs were detected; on Day 3 91% of eggs 
were detected (21 of 23).  The hyperspectral imaging system inaccurately detected one of the 7 infertile 
eggs as fertile on Day 2.  For broiler-type brown shell eggs, the hyperspectral imaging system detected 13 
of 24 eggs as developing, and 14 of 24 on Day 2.  On Day 3, 20 of 24 eggs (83%), were detected as 
developing.  All 24 of the brown shell eggs were fertile, so false positive rates were not determined.   
 
Table 1.   White shell layer-type eggs confirmed by breakout, number detected and accuracy of imaging system on Days 
0-3 of incubation, and brown shell broiler-type eggs (summarized from Smith et al, 2005).  
_____________________________________________________________________________________ 
 Egg type  Incubation Day # Eggs  # Confirmed # Detected % Detection  
 Layer,    0    24     23       1      4 
 white shell   1    24     23       0      0 
     2    24     20     12    60 
     3    24     23     21    91 
 
 Broiler,    1    24     24     13    54  
 brown shell   2    24     24     14    58 
     3    24     24     20    83  
  



 The 576 nm wavelength that was found to be an important indicator of development in this study 
was probably due to the close relationship between this wavelength and the 576±1 nm wavelength 
previous researchers have reported when eggs contain visible blood (Brant et al., 1953; Das and Evans, 
1992a).  The configuration of the hyperspectral system is probably detecting the early formation of red 
blood cells, capillaries, and the blood ring structure associated with early embryo development.  The 
difficulty in identifying a specific upper wavelength, and using a band instead for brown shell eggs was 
likely due to low light transmission through the egg.  Previous researchers have reported a decrease in 
light transmission through brown shell eggs (Liu et al., 2004; Shafey et al., 2004).  The use of multiple 
wavelength bands was also utilized by Liu et al. (2004), where 20-nm wide bandwidths were used with 
average transmittance calculated for the bandwidth.  The wavelength range (668 to 695 nm) was used 
because each egg varied in transmittance, probably due to shell pigmentation variation.  Hyperspectral 
imaging systems are capable of detecting embryo development during early incubation, but further 
research, including lighting, presentation, and data analysis will be required to improve accuracy.   
Blood Spot Detection.  
 Blood spots in white shell table eggs were consistently detected at a greater than 90% accuracy 
rate.  As noted above, one of the wavelengths used (577) was similar to previously reported research 
where visible blood (probably hemoglobin) was detected (Brant et al., 1953; Das and Evans, 1992a).  
Further analysis and algorithm development should improve blood spot detection rates for the 
hyperspectral system.      
Cracked Shell Detection. 
 The hyperspectral imaging system was generally not able to consistently detect cracked or 
checked eggs.  Varying the exposure times and employing various spectral and spatial analyses for the 
data did not improve the system’s detection accuracy.  Further research using the current configuration is 
not planned.  However, in preliminary trials a different vision system combined with a physical 
modification has shown to be capable of high percentage accuracy for both cracks and checks.  
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