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Early Detection of Infertile Egg Using Magnetic Resonance Imaging
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Abstract The objectives of this study were to develop an image processing algorithm that can observe
image characteristics that change with incubation time, to develop shape indices that can distinguish
between fertile and infertile eggs using image characteristics, to investigate whether normal hatching can
be determined using these indices, and to develop a technology capable of detecting infertile eggs. MRI
acquisition was performed using an industrial MRI system and 40 fertilized and 10 infertile eggs. Eggs
were placed in an incubator at 38°C for 3 days, and MR images were obtained 8 times at baseline (before
samples were placed in the incubator) and at 22, 32, 40, 48, 56, 64, and 72 hours after placing samples
in the incubator. An image processing algorithm was developed to analyze centroid, circularity, and the
major-to-minor axis ratios to quantify yolk shape changes during incubation from extracted images.
Average image information of three central slices was used to calculate shape indices useful for
differentiating fertile and infertile eggs. The shape indices yolk circularity and major-to-minor axis ratio
(determined after incubation for 56 hr) achieved discrimination rates of 98.4% and 82.5%, respectively.

In summary, using shape indices would enable fertile and infertile eggs to be differentiated within 3 days.
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Fig. 1. Schematic cross-section diagram of a magnetic
resonance imaging system showing a sample
on a sample tray and holder in a RF imaging
coil.
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Fig. 2. Magnetic resonance image acquisition.
(a) Magnetic resonance image acquisition direction
and thickness (b) Acquired 32th slice of magnetic
resonance image out of 64 slice images in axial
direction
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Fig. 3. Magnetic resonance image processing procedure.
(a) Acquired magnetic resonance image (b) Thresholded
image (c) Sobel filtered image (d) Segmented Yolk
image
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Fig. 4. Measurement variables to define shape
index of yolk.
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Table 1. Definitions of shape index presenting
morphological features of yolk image
during incubation. (Refer to Fig. 4)

Shape Index Definition
4r A
CYE: Circularity of —5 A = area of york.
Yolk Ellipse l

¢ = length of yolk boundary

ARY: Axial Ratio of
the Yolk

Ratio of Major axis(Maj_Ax)
to Minor axis(Min_Ax)

Ratio of the length from the centroid
to the top surface and the length to
bottom surface of yolk (NL/SL)

YLR: Yolk Length
Ratio

Difference between the distance
from the centroid to shell and the
distance to the top surface of yolk
(LD: NL_C - NL)

YSD: Yolk Space
Distance
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Fig. 5. Magnetic resonance images showing changes
of fertile egg’s yolk during incubation period.
(@ 0 hr (b) 22 hr () 32 hr (d) 40 hr (e) 48 hr (f) 56
hr (g) 64 hr (h) 72 hr
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Fig. 6. Magnetic resonance images showing changes
of infertile egg's yolk during incubation
period.

(2) 0 hr (b) 40 hr (0) 56 hr (d) 72 hr

3.2 A B8} WES HY X Jp

3.2.1 &4 Xi4Q| HHEY

Aol Edjole] 1gHol QlofE 23k, wale] WY
o] 71 44t Sl s Bkl Sle B
Fol YT & Ak 28 149 Lejol2g] B4
WS 7HIT B RS R4S e 9AE waA
2 5 Slck AR FARAA 37 o199 Eefol AT

o w2x 9yl gusel 278 ulmstgch
1 2 Fig, 7oAk o] Sefol 32, 33 1 34u)
w24 guio] YrjHos 2 Ao w9 of
£ 370 B Sefolxo] Aol HEY ghS ulditta
weslel 7 Y4 442 7 T, o152 Bsle] o
B AgsHch

607

Count
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Number of slice

Fig. 7. Total number of images having the largest
yolk area in each slice.
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Table 2. Magnetic resonan change in yolk area of
fertile and infertile egg during incubation.

Fertile egg Infertile egg
Incubation Average Stdev Average Stdev
hour (pixel) (pixel) (pixel) (pixel)
0 9056 957 8883 2661
22 8987 842 9029 460
32 8827 613 8863 626
40 8819 608 8761 588
48 8783 627 8863 602
56 8230 585 8892 600
64 8129 558 8869 586
72 8090 540 8670 533
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Table 3. Change in CYE(Circularity of Yolk Ellipse) FFE B Aoz wE

of fertile and infertile egg during

incubation.
Fertile egg Infertile egg
Incubation | Average Stdev Average Stdev
hour (a/u) (a/u) (a/u) (a/u)
0 0.914 0.140 0.778 0.207
22 0.963 0.174 0.976 0.017
32 0.994 0.007 0.984 0.009
40 0.972 0.007 0.953 0.019
48 0.951 0.020 0.970 0.007
56 0.909 0.041 0.969 0.007
64 0.857 0.054 0.971 0.007
72 0.778 0.061 0.970 0.005
3.2.4 LEX}9| HIX|Z H|g HS}

Azke] 25} I Table 10] Helg 2ol %
olA] st RS A ERAA|Y] Zo] Hle]
8} Table 4] A3tk o] A4k sk Ao
we m2xje] A% WS vehlt 508 $8h 404]
71 fgRo] wheA] Ak glout Bwe 7t

s g o 5 Ak

Table 4. Change in YLR(Yolk Length Ratio) during

incubation.
Fertile egg Infertile egg

Incubation | Average Stdev Average Stdev
hour (a/w) (a/u) (a/u) (a/u)
0 1.027 0.023 1.055 0.097
22 1.007 0.023 0.998 0.013
32 1.007 0.023 1.003 0.022
40 1.007 0.023 1.002 0.028
48 1.000 0.033 1.016 0.028
56 0.971 0.027 1.019 0.025
64 0.955 0.034 1.027 0.029
72 0.948 0.038 1.038 0.033
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Table 5. Change in YSD(Yolk Space Distance)
during incubation.

Fertile egg Infertile egg

Incubation Average Stdev Average Stdev
hour (a/w) (a/u) (a/u) (a/w)
0 37.3 7.0 45.7 18.6
22 44.1 6.9 43.4 6.6
32 44.2 6.7 42.6 7.3
40 44.7 7.1 43.1 7.4
48 48.5 7.1 43.2 7.9
56 49.6 6.7 44.6 7.5
64 52.3 7.1 45.6 7.7
72 52.0 7.2 453 7.9
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Table 6. Change in ARY(Axial Ratio of the Yolk)
during incubation.

Fertile egg Infertile egg

Incubation Average Stdev Average Stdev
hour (a/w) (a/w) (a/u) (a/u)
0 1.121 0.067 1.808 0.821
22 1.157 0.046 1.184 0.056
32 1.183 0.051 1.208 0.069
40 1.186 0.058 1.179 0.067
48 1.248 0.124 1.201 0.068
56 1.482 0.175 1.222 0.061
64 1.580 0.186 1.243 0.071
72 1.862 0.191 1.267 0.090
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