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Abstract

This research aimed to determine the fertilization control of the eggs in an incubator between 0th and 5th days by image processing
techniques via low-priced tools. Three different datasets that were composed of eggs whose images taken at different times in the incubator
were prepared. Several filtering and morphology methods, gray level conversion and dynamic thresholding were utilized to process the 15
egg images. Moreover, the original processing codes based on the problem were given. White and Black percentages of binary images were
utilized to determine the egg control. According to the test results, for the first dataset; 73.34% of fertility accuracy was achieved on the third
day; 100% of fertility accuracy was achieved on the fourth day, for the second dataset; 93.34% of fertility accuracy was achieved on the third
day; 93.34% of fertility accuracy was achieved again on the fourth day; for the third dataset, 93.34% of fertility accuracy was achieved on the
third day; 100% of fertility accuracy again was achieved on the fourth day. When the results were evaluated, it was seen that egg fertility has
been determined successfully automated with low cost tools.
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Bilgisayar Destekli Otomatik Yumurta Dolliiliik Kontrolii

0z

Calismada kulugka makinesinde yumurtalarin 0-5 giin araliginda dolltliik kontroliintin kolay elde edilebilen ve az maliyetli araclar kullanilarak
goruntu isleme teknikleri ile tespit edilmesi amaclanmistir. Denemede, ev tipi standart kulucka makinesi icine farkli zamanlarda goriuntdleri
alinan 15 yumurtadan olusan g farkli veri seti hazirlanmistir. Yumurta goriintilerinin islenmesinde cesitli filtreleme ve morfoloji yontemleri,
gri seviye donusiimi ve dinamik esikleme yontemi kullanilmistir. Ayrica probleme dayal 6zglin gortinti isleme kodlari yazilmistir. Elde edilen
binary gorintilerin beyaz/siyah oranlari dolltlik kontroliini belirlemede kullaniimistir. Deneysel sonuglara gore ilk veri setinde 3. giin
%73.34, 4. giin %100, ikinci veri setinde 3. glin %93.34, 4. giin %93.34 ve lclincl veri setinde 3. glin %93.34, 4. giin %100 dogrulukla dolltlik
durumlari tespit edilmistir. Elde edilen sonuglar degerlendirildiginde, yumurta dolltlik kontroliiniin az maliyetli ve edinilebilir araglar ile
basaril bir sekilde otomatiklestirilebilecegi gorilmustdr.

Anahtar sézciikler: Kulucka makinesi, Kanatli hayvan dretimi, Délliiliik kontrolii, Gériintii isleme, Dinamik esikleme

hatching eggs is pretty significant besides providing
optimum incubation conditions to keep hatching at high
levels. However, Kamaliand Durmus pointed out that there

INTRODUCTION

The egg industry is one of the main industries in the food

chain as well as it plays a significant role in meeting the
protein need of the world. Hatchability is essential in the
egg industry. Even though the hatchability is affected
from various factors such as the quality of eggs, breeding
ratio, survival rate, and poultry quality; the most important
factor is being sure about the eggs in the incubator are
the fertile ones "%, Durmus pointed out that using quality

are alot of factors that affect the chick quality as well as the
chick quality will increase based on these factors to reach
the optimum level . Generally, the qualified personnel
manually control the eggs which have fertility before
putting them into the egg incubator. However, the fertility
control is performed during the preliminary development
phase and the final phase (18" day for chicken egg) to
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keep the temperature and humidity values of the egg
incubator. Performing the fertility control by manual and
being based on the expert control increase the error rate.
The control process is effort consumption; the qualified
employees who control thousands of eggs per day are not
productive because of tiredness and optical aberrations.
Therefore, only some of the eggs are randomized to
determine the fertilized eggs; this means that many of the
unfertilized eggs will remain in the incubator . Moreover,
the unfertilized egg that remains in the incubator will spoil
and there will be gas emission that negatively affects other
healthy embryos. This is because; performing control and
pulling out the unfertilized eggs from the incubator will
increase the hatchability ™. Developing an error-free,
rapid and low priced computer-aided system to identify
the unfertilized eggs at the right time will provide an
advantage for the incubation system by purifying the
system from the man-made errors.

Many of the investigators tried to determine the fertility
control, embryo development, and fracture-crack control
by using image processing methods with the help of the
computer. Das and Evans ¢ obtained egg images by
using backlighting and high intensity candling lamp and
get 100% classification result on 4™ day. Lawrence et al.”},
Smith et al.®, Smith et al.”’Liu and Ngadi *’and Islam et al.'”
used hyperspectral NIR imaging method and get success
rates 100% (4*" day), 91%-83% (3 days), 100% (1** day) and
100% (4t day) respectively. Zhu and Ma " use halogen
lamp for taking the egg images and achieved 92.5%
success rates on 6 day. Lin et al.'? used thermal imaging
and 96% success rates are obtianed. Hashemzadeh and
Farajzadeh ™ preferred light emitting diode based imaging
method and get 98.25% classification rates on 5™ day.
Onler et al."® used ultrasound based imaging technique
and get 86% success rates.

We can see screening method and enlightening have a
significant effect on success rates of fertilization control.
However, many of those methods are expensive and do
not contain easy-to-use systems. Our research offered
a cheap and easy-to-use approximation. Therefore, our
research aimed to determine the fertilization control of
eggs between zero and fifth days in the egg incubator by
using derivable and low priced tools with the help of the
image processing techniques.

MATERIAL and METHODS

The system is composed of three main elements. The first
of them is the incubator system; the second of them is the
screening system and the third one is the computer software
that provides to be processed the images obtained. Since
the goal of the study was to actualize the eggs fertilization
control by the cheap and derivable methods, the materials
to be used was selected in accordance with the method.
A professional household type incubator with 48 egg

capacity was used in the system actualized. 10 Watt 24
Volt 350mA Power LED lightened the egg incubator. A
mechanism was designed in which an egg can be putonin
and the lightning remains in the lower part. Color camera
with 16 mm lens at 2048x1536 pixels resolution recorded
theimages. Moreover, for constituting a dark environment,
there was designed a box with a hole for the camera to
monitor inside. Box designing is absolutely optional for
the dark environment. It is enough to take the pictures in
a dark environment even if a box is not available. The first
two stages of the system designed are shown in Fig. 1.

The images of the eggs put in the incubator were recorded
by putting in the imaging system at the appointed times.
Those images recorded were transferred into computer-
aided fertilization control software. The control success
of the software is based on operating these two systems
successfully. As the accuracy and noiselessness of the
images increase, the possibility of obtaining a result with an
easy algorithm increases at the same time. Afterward, the
development in the environment with 37.8°C temperature
and 50-55% humidity was let for 18 days; the eggs were
transferred into the exit machines with 37.5°C temperature,
65-70% relative humidity. The assembly process was
automatically actualized so as to be once every h. The
incubation machine was settled within the boundaries
that are determined by Kamanli and Durmus .. Since 10W
Power LED dissipated a great deal heat, egg shooting time
was taken short (1 s) to avoid eggs from the heat. Moreover,
the boxes that were designed for a dark environment was
used so as not to affect the backgrounds of the images.

There is computer-aided fertilization control software
in the third stage. Fig. 2 shows the block diagram of the
software created.

The first stage in computer-aided fertilization control
software is to take pictures. The images are transferred
into the software after the imaging process is actualized.
Those pictures are turned into a binary image by a

INCUBATOR

LIGHTING UNIT

Fig 1. Designed system
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specific threshold value to specify the boundaries of the
eggs. Since the different eggs have a different color, size
and blood vessels in the embryo and also these values
change in different days; the attributes of the image was
considered to determine the threshold value. In other
words, the threshold values of the images each of the eggs

Start

) 4

Get Image

Y

Determine the
boundaries of the eggs

v

Image Enhancement

\ 4

Determine Fertilized /
Non-fertilized Eggs

h 4

Stop

Fig 2. Flow diagram of the software designed

in different days are distinct. This transaction is named as
dynamic thresholding in the literature ™. The errors that
emerge by a constant threshold value will be avoided by
the dynamic thresholding. The noise images arising from
the enlightening may occur after the thresholding. Dilation
and erosion methods from the morphological processes
were used to eliminate the noise. Fig. 3 shows the turning
process of the image of the camera to the binary image by
applying dynamic thresholding.

Inthe nextstep, the boundaries of the egg were determined
by applying dynamic thresholding and morphological
processes. The boundaries of the white area in the binary
image were determined (top-left/right, bottom-left/right).
The boundaries of the eggs were determined by taking the
values of the points. The egg image was separated from
the background at the end of this process.

There is a need for applying image enhancement methods
to actualize the fertilization control on the egg image
separated from the background. This circumstance may
occur because of the camera, shooting method or the
person that takes the picture. Median filter (5x5) was used
in our research to enhance the egg images and also purify
the images from the probable noises.

The area of the embryo was computed for the fertilization
control after the filtering application. As is mentioned in
literature, this area shows an alteration from starting the
zero day to 21% day. This change was observed in the
images obtained. It is enough to use proper incubation,
lightning, and imaging for this observation. Our research
used the images obtained by actualizing the conditions.
Fig. 4-a shows the change of fertilized eggs between zero
and fourth days; Fig 4-b shows the change of unfertilized
eggs between zero and fourth days.

As is seen in Fig. 4-a,b, the embryo that develops in
fertilized eggs grows in the egg and its area increases
at the same time. This condition for the fertilized eggs
is consistent when all the images are analyzed. Since an
embryo development does not form in the unfertilized
eggs, any area increase cannot be seen as well. However,
some eggs spoil in incubation environment over time, the
yellow area in them becomes darker. This situation may
reveal the errors in the test results. Starting from this point,
the binary images that can be obtained by a threshold

Fig 3. Obtaining binary image by dynamic thresholding
a) raw image b) binary image
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value (dynamic threshold) was applied to the enhanced
egg pictures in the fertilization control. It is observed at
the end of this process that the white areas of fertilized
eggs are narrowest; the white areas of unfertilized
eggs are large. Furthermore, it is seen when the change
between the images taken between zero and fourth days
are reviewed that the fertilization control can be easily
actualized. Fig. 5 shows the image of the picture by the
dynamic thresholding by separating from the noises.

Matlab R2014a version was used at the stage of actualizing
image processing software. Image processing codes
peculiar to the egg fertilization control problem were
utilized besides the standard function of Matlab.

Dataset Preparation: Our research used three different
datasets that were composed of eggs whose pictures were
taken at different times. There were 45 eggs so as to be
15 eggs in each of the datasets that were decided by
the qualified personnel. The eggs whose effects (broken,
cracked, porous, etc.) are less for affecting the fertility were
selected. Fifteen Light brown shelled eggs (10 fertilized,
5 unfertilized) from ATAK-S race were used in the first
dataset. Again, 15 Light brown shelled eggs (10 fertilized,
5 unfertilized) from ATAK-S race were used in the second
dataset. Fifteen Light brown shelled eggs (14 fertilized,
1 unfertilized) from ATAK-S race were used in the third
dataset. When the quality characteristics of ATAK-S eggs

Fig 5. Fertilized and unfertilized eggs’binary
images obtained by the dynamic threshold
a) the Third day fertilized egg, b) Binary
image of A c) the Third-day unfertilized egg,
d) Binary image of C

are examined, it is seen that egg weight is 65.21 g, shape
index is 75.59%, shell thickness is 0.33 mm and shell
weight is 7 g ", The images of the eggs were recorded so
as to be taken an image in every 24 h from the moment
(zero hour, zero day) that is placed in incubation to 120"
h. The recorded images are in JPEG format. Entirely,
75x3=225 images (15x5=75 for each of the dataset) were
recorded. The eggs were kept in incubation for 21 days
to be completed during the incubation process. The eggs
which did not incubate at the end of the 215 day were
analyzed by the expert and it is pointed out that there was
not a problem about the fertilization control; the problem
resulted from the incubator and environmental conditions.

When the materials and methods used in this study are
listed, a professional household type incubator with 48
egg capacity, 10 Watt 24 Volt 350mA Power LED, Color
camera with 16 mm lens at 2048x1536 pixels resolution,
ATAK-S race eggs and dynamic thresholding method with
Matlab R2014a Image Processing ToolBox.

RESULTS

The images of 15 eggs (10 fertilized, 5 unfertilized) between
zero and fourth days were given as an entrance to the
system designed. The images in software separated from
the background by processing; the percentage ratio of
white and black areas was found in the egg image. The
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higher the white pixel rate, the less the fertility rate. In the
same way, the less the white pixel rate, the greater the
fertility rate. Table 1 shows the white pixel ratios of 15 eggs
between zero and fourth days.

As is seen them of pixel changes values, the eggs which do
not change throughout the period (0-4 days) or change at
a low ratio are unfertilized ones. The eggs whose value at
the end of the period is far lower than the value at the start
of the period are fertilized ones. For example, egg 13; initial
value: 80, end value: 14, result: egg 13 fertile. Egg 3; initial
value: 79, end value: 73, result: egg 3 infertile.

Sum difference between two days was considered to
evaluate these ratios (the difference between zero and
first day; the difference between zero and second, the
difference between zero and third day, the difference
between zero and fourth day). Table 2 shows the values.

As is seen in Table 2, if the difference of white pixel ratios
of the eggs changes in an instant at a high rate, the egg
is likely to be fertilized. This change ratio is accepted as 2%
for 0-1; 4% for 0-2; 8% for 0-3; 20% for 0-4. This change
does not exceed 20% between 0 and 4 days, the result is
selected as unfertilized. The information on the growth
ratio of the chick in the egg was used. The success rates
obtained according to this data are given under each
column.

The success rate at the end of the first day was 53.34%;
66.67% for the end of the second day; 73.34% for at the
end of the third day; 100% for the end of the fourth day. As
is seen in Table 3, the effect of the white pixel ratio change
to the fertility value is quite a little between zero and the
first day. This is because using data of 1tand 5% day’s leads
to the correct conclusion rather using the data belong to
zero and fifth days.

Table 1. Number of white pixel ratio for dataset 1 for 0 and 4 days (%)

The images of 15 eggs (10 fertilized, 5 unfertilized) between
the first and fifth days were given as an entrance to the
system designed. The Table 3 shows the white pixel ratios
of 15 eggs between first and fifth days.

As is seen them of pixel changes values, the eggs which do
not change throughout the period (1-5 days) or change at
a low ratio are unfertilized ones. The eggs whose value at
the end of the period is far lower than the value at the start
of the period are fertilized ones. For example, egg 28; initial
value: 75, end value: 22, result: egg 28 fertile. Egg 24; initial
value: 72, end value: 66, result: egg 24 infertile.

Sum difference between two days was considered to
evaluate these ratios (the difference between the first and
the second day; the difference between the first and the
third day, the difference between the first and the fourth
day, the difference between the first and the fifth day).
Table 4 shows the values.

As is seen in Table 4, if the difference of white pixel ratios
of the eggs changes in an instant at a high rate, the egg is
likely to be fertilized. This change ratio is accepted as 4%
for 1-2; 8% for 1-3; 20% for 1-4; 30% for 1-5. If this change
does not exceed 20% between zero and fourth days, or
the change takes a negative value, the result is selected
as unfertilized. The information on the growth ratio of the
chick in the egg was used

The success rate for the second dataset was 73.34% at
the end of the second day; 93.34% at the end of the third
day; 93.34% at the end of the fourth day; 93.34% at the end
of the fifth day.

Theimages of 15 eggs (14 fertilized, 1 unfertilized) between
the first and fifth days were given as an entrance to the
system designed in the third dataset. Table 5 shows the

Egg =l Expert Assessment
Number 0™ day 1t day 2" day 3 day 4 day

1 70.05218 74.7298 74.19153 65.37102 17.75795 Fertile
2 73.0347 72.62266 71.44976 35.76302 25.62944 Fertile
3 79.73458 78.43909 75.59067 69.04541 73.83005 Infertile
4 72.60527 71.53416 58.64252 37.23622 29.57277 Fertile
5 70.90953 65.08063 70.98815 53.69586 51.42568 Infertile
6 75.98155 70.81526 63.63636 30.83919 29.09275 Fertile
7 73.25327 70.70671 61.06334 42.71911 28.00998 Fertile
8 74.77697 72.29558 60.86581 38.3648 23.08489 Fertile
€ 77.3723 70.24388 78.0647 64.69531 60.64912 Infertile
10 80.20004 74.46872 79.76624 60.4134 60.7817 Infertile
11 68.97427 66.83322 54.21348 33.66571 32.0993 Fertile
12 79.0481 75.03264 75.27244 58.69613 59.58343 Infertile
13 80.02702 67.60631 56.60874 28.253 14.84707 Fertile
14 60.56951 58.25204 58.78945 46.65361 30.3672 Fertile
15 71.86004 65.10965 64.02399 48.62033 34.39325 Fertile
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Table 2. White area changing table between the days (%)

Table 3. Number of white pixel ratio for dataset 2 for 1*t and 5" days (%)

white pixel ratios of 15 eggs between first and fifth days.

As is seen them of pixel changes values, the eggs which
do not change throughout the period (1-5 days) or change
at a low ratio are unfertilized ones. The eggs whose value
at the end of the period is far lower than the value at the
start of the period are fertilized ones. For example, egg 36;
initial value: 76, end value: 14, result: egg 36 fertile. Egg 32;
initial value: 71, end value: 75, result: egg 32 infertile.

Sum difference between two days was considered to
evaluate these ratios (the difference between the first and
the second day; the difference between the first and the

third day, the difference between the first and the fourth
day, the difference between the first and the fifth day).
Table 6 shows the values.

As is seen Table 6, the success rate for the third dataset was
60% at the end of the second day; 86.67% at the end of the
third day; 93.34% at the end of the fourth day; 100% at the
end of the fifth day.

DISCUSSION

In this paper, there was performed a situation assessment
as fertilized/unfertilized of the eggs by making an image-
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Table 4. White area changing table between the days (%)

Table 5. Number of white pixel ratio for dataset 2 for 1t and 5% days (%)

based analysis between the zero and the fifth days.
Pictures of the eggs were taken on a daily basis by using
a power led camera. The fertility status was controlled by
the image processing software. There was guessed right at
100% at the end of the study conducted on three datasets
that were composed of 15 eggs.

Outer shell boundaries of the eggs were determined first.
After, the region of interest (ROI) was separated from the
image obtained by various filtering and morphological
processes. The color-gray level conversion was actualized
and the black-white image was received by using an
adaptive thresholding method. The white pixels in
the black-white image were counted; the number was

proportioned to the whole of the egg. The dark areas which
are marked as white are the areas that are constituted by
the chick which grows in the egg.

Daily changes of the percentage values were computed
by taking the arithmetic difference. These proportional
differences were compared with the threshold values
determined (=2% between zero and first day, >4% for
the zero and second day, >8% for the zero and the third
day, =20% for the zero and the fourth; >30% for zero and
fifth). The results with fertilized and unfertilized were
obtained. Experts’ information on the growth rate of the
chick in the egg was effective in determining these
threshold values.
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Table 6. White area changing table between the days (%)

Differences by Days
Egg Software Expert
Number 1-2 Difference 24% 1-3 Difference 28% 1-4 Difference 220% 1-5 Difference 230% | Assessment | Assessment
(fertile) (fertile) (fertile) (fertile)
31 -4.28 7.36 31.76 30.86 Fertile Fertile
32 3.22 1.19 -4.15 -4.16 Infertile Infertile
33 -2.88 5.32 30.10 32.32 Fertile Fertile
34 18.90 21.11 32.01 37.11 Fertile Fertile
35 3.37 9.46 29.68 39.35 Fertile Fertile
36 10.09 24.32 58.90 62.56 Fertile Fertile
37 16.55 23.71 37.72 44.75 Fertile Fertile
38 579 28.12 37.20 4537 Fertile Fertile
39 10.46 25.84 52.54 53.94 Fertile Fertile
40 6.42 22.74 27.56 36.17 Fertile Fertile
41 14.13 26.16 35.17 40.06 Fertile Fertile
42 2.04 8.03 27.97 36.68 Fertile Fertile
43 11.33 9.62 24.61 3333 Fertile Fertile
44 3.76 26.62 49.23 54.41 Fertile Fertile
45 0.48 9.87 17.41 37.28 Fertile Fertile
Success rate 60% 86.67% 93.34% 100%

With reference to the experimental results, the fertilization
was found as 73.34% for third day and 100% for the
fourth day in the first dataset; as 93.34% for the third
day and 93.34% for the fourth day in the second dataset;
93.34% for the third day and 100% for the fourth day in
the third day in the third dataset. Taking the pictures
via nonprofessional apparatus is one of the significant
reasons that negatively affect the success. Success rate
can be increased by improving the imaging mechanism.
Moreover, the circumstances like shell color, shell thickness
affect the success of the system because of the types of
eggs. It is thought that there can occur success difference
in different egg types.

When we compare the proposed method with the previous
works, it can be seen that many of the previous works
achieved 100% success rates “7#1% in determination of the
fertilization of the eggs. However, many of those methods
are expensive (halogen lighting and NIR sensing system,
Near-Infrared Hyperspectral Imaging system and visible
transmission spectroscopy screening technique) and do not
contain easy-to-use systems. Our research also achieved
100% success rate and offered a cheap (LED illumination),
easy-to-use and derivable method to ideally perform the
fertilization control of the eggs.

The success of the system can be tested by controlling
fertilization status of the eggs in different characteristics
(white-brown-dirty-crack etc.) in the next part of the research.

REFERENCES

1. Hashemzadeh M, Farajzadeh N: A machine vision system for
detecting fertile eggs in the incubation industry. Int J Comput Int Sys, 9 (5):
850-862,2016. DOI: 10.1080/18756891.2016.1237185

2. Onbasilar EE, Aksoy FT: Stress parameters and immune response of
layers under different cage floor and density conditions. Livest Prod Sci, 95
(3): 255-263, 2005. DOI: 10.1016/j.livprodsci.2005.01.006

3. Kamanh S, Durmus i: Method of chick quality evaluation and novel
approach in increasing chick quality. J Poult Res, 11 (1): 40-44, 2014.

4. Liu L, Ngadi MO: Detecting fertility and early embryo development
of chicken eggs using near-infrared hyperspectral imaging. Food Bioprocess
Tech, 6 (9): 2503-2513, 2013. DOI: 10.1007/s11947-012-0933-3

5. Das K, Evans MD: Detecting fertility of hatching eggs using machine
vision |. Histogram characterization method. Biol Eng Trans, 35 (4): 1335-
1341,1992. DOI: 10.13031/2013.28738

6. Das K, Evans MD: Detecting fertility of hatching eggs using machine
vision Il: Neural network classifiers. Biol Eng Trans, 35 (6): 2035-2041, 1992.
DOI: 10.13031/2013.28832

7.Lawrence KC, Smith DP, Windham WR, Heitschmidt GW, Park B: Egg
embryo development detection with hyperspectral imaging. J Biomed
Opt, 2006. DOI: 10.1117/12.686303

8. Smith D, Lawrence K, Heitschmidt G: Detection of hatching and
table egg defects using hyperspectral imaging. European Poultry
Conference Proceedings (EPSA), September, Verona-Italy, 2006.

9.Smith D, LawrenceK, Heitschmidt G: Fertility and embryo development
of broiler hatching eggs evaluated with a hyperspectral imaging and
predictive modeling system. Int J Poult Sci, 7 (10): 1001-1004, 2008.

10.1Islam H, Kondo N, Ogawa Y, Fujiura T, Suzuki T, Fujitani S: Detection
of infertile eggs using visible transmission spectroscopy combined with
multivariate analysis. Eng Agric Environ Food, 10 (2): 115-120, 2017. DOI:
10.1016/j.eaef.2016.12.002

11. Zhu Z, Ma M: The identification of white fertile eggs prior to
incubation based on machine vision and least square support vector
machine. Afr J Agric Res, 6 (12): 2699-2704, 2011.

12. Lin CS, Yeh PT, Chen DC, Chiou YC, Lee CH: The identification and
filtering of fertilized eggs with a thermal imaging system. Comput Electron
Agric, 91,94-105,2013. DOI: 10.1016/j.compag.2012.12.004

13. Onler E, Celen IH, Gulhan T, Boynukara B: A study regarding the
fertility discrimination of eggs by using ultrasound. Indian J Anim Res, 51
(2): 322-326,2017. DOI: 10.18805/ijar.v0iOF.4561

14. Sarica M, Yamak US, Boz MA: Changes in egg quality parameters
due to age in laying hens from two commercial and three local layer
genotypes. J Poult Res, 9 (1): 11-17, 2010.


https://www.atlantis-press.com/journals/ijcis/25868733
https://www.sciencedirect.com/science/article/pii/S0301622605000151?via%3Dihub
http://www.turkishpoultryscience.com/issue/35226/390770
https://link.springer.com/article/10.1007%2Fs11947-012-0933-3
http://elibrary.asabe.org/abstract.asp??JID=3&AID=28738&CID=t1992&v=35&i=4&T=1
http://elibrary.asabe.org/abstract.asp??JID=3&AID=28832&CID=t1992&v=35&i=6&T=1
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6381/1/Egg-embryo-development-detection-with-hyperspectral-imaging/10.1117/12.686303.short?SSO=1
http://free-journal.umm.ac.id/files/file/Fertility%20and%20Embryo%20Development%20of%20Broiler%20Hatching.pdf
https://www.sciencedirect.com/science/article/abs/pii/S1881836616301434?via%3Dihub
http://www.academicjournals.org/app/webroot/article/article1380904001_Zhu%20and%20Ma.pdf
https://www.sciencedirect.com/science/article/pii/S016816991200289X?via%3Dihub
https://arccjournals.com/journal/indian-journal-of-animal-research/B-558
http://www.turkishpoultryscience.com/download/article-file/419865

