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Seed Cropping Algorithm

b

(img = cv2.imread(image_path) J

yes —— ¥ no
img is None?
¥ g )’

(Iogierror("‘éﬂﬂn Jaens Ja") (Iab = cv2.cvtColor(img, cv2.COLOR_BGR2LAB) ]

¥

[_, _, b_channel = cv2.split(lab) j
¥

(ﬁ, thresh = cv2.threshold(b_channel, 145, 255, cv2. THRESH_BINARY)

¥

[kernel = np.ones((5,5), np.uint8) J
¥

(morph = cv2.morphologyEx(thresh, cv2.MORPH_OPEN, kernel) J

¥
[contours, _ = cv2.findContours(morph, cv2.RETR_EXTERNAL, cv2.CHAIN_APPROX_SIMPLE)

es len(contours) == 0? no
[k)gJNaming("a_\.,anj 5% o (55m3 Y 5 peall”) J [cimax = max(contours, key=cv2.contourArea)
¥

return error (x, y, W, h = cv2.boundingRect(c_max) J

padding = 50

(x, y = max(0, x - padding), max(0, y - padding)
¥
(w = min(img.shape[1] - x, w + 2 * padding)
¥
(h = min(img.shape[0] - y, h + 2 * padding)
¥

(croppediimg = img[y:y+h, x:x+w]
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Resize with Padding Algorithm

?

[cropped_img = receive_input() j
¥
[target_w, target_h = 224, 224 j
¥
[h, w = cropped_img.shape[:2] j
¥
[scale = min(target_h / h, target_w / w) j
¥
(newiw = int(w * scale) j
¥
[new_h = int(h * scale) j
¥
(resized = cv2.resize(cropped_img, (new_w, new_h), interpolation=cv2.INTER_AREA)
¥
(canvas = np.ones((target_h, target_w, 3), dtype=np.uint8) * 255 j
¥
[x_offset = (target_w - new_w) // 2 J
¥
(yfoffset = (target_h - new_h) // 2 j
¥

(canvas[y_offset:y_offset+new_h, x_offset:x_offset+new_w] = resized

return canvas

sdal) pa paal) i a3 4-8 And i aniy
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Feature Extraction Algorithm

img = receive_input()

[gray = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY) j
¥

[7, thresh = cv2.threshold(gray, 0, 255, cv2. THRESH_BINARY + cv2.THRESH_OTSU) j
¥

[comours‘ _ = cv2.findContours(thresh, cv2.RETR_EXTERNAL, cv2.CHAIN_APPROX_SIMPLE) j

yes = no
len(contours) == 0?
¢ S )

[\ogiwaming("No contours found") ] [cﬁmax = max(contours, key=cv2.contourArea)

¥

return error [area = cv2.contourArea(c_max) j

¥
O [penmeter = cv2.arcLength(c_max, True) j
¥
[mrcu\anty = (4 * 3.14159 * area) / (perimeter ** 2)
¥

[x‘ y, w, h = cv2.boundingRect(c_max) ]

aspect_ratio = float(w) / h

extent = float(area) / (w * h)

hull = cv2.convexHull(c_max)

[huH?area = cv2.contourArea(hull) j
¥

[sol\d\(y = float(area) / hull_area j

[equ\vid\ameter = np.sqrt(4 * area / 3.14159) j

[mask = np.zeros(gray.shape, dtype=np.uint8)
¥
[ovZ.drawContours(mask‘ [c_max], -1, 255, -1) j
¥
[mean,rgb std_rgb = cv2.meanStdDev(img, mask=mask) j

¥

[hsvﬁimg = cv2.cvtColor(img, cv2.COLOR_BGR2HSV) j

[meanihsv, std_hsv = cv2.meanStdDev(hsv_img, mask=mask) j
¥

[resultﬁd\ct = compile_features(area, perimeter, circularity, aspect_ratio, extent, solidity, equiv_diameter, mean_rgb, std_rgb, mean_hsv, std_hsv)

return result_dict

®

Ly 3l Gaibadl) ) Aludze ) 530 (sbudy) hbiall 4-10 apd s py
: Grayscale Conversion Algorithm) st g sill Jagaill 4303055 3.6.3.4
Uikl duxia a5 98 52 ol alS ala )l z o3l ) (RGB) (S5l sbadll (e saall o g2 8 ghad dlaie) o
A el il puall 3

Lla¥) i zisaill 385 4 & bl dosaill aala: 4lGel) Clewd) gadadiu) s
OV i e Tas ¢ (Embryo)osiall Jealsis 5,30 (Morphological Patterns) des s s ) sall
Belay Ul 3 GDEA) e dadlil

el Jlis o3 3as) o 3L8 ) DGy A slll ol i) dae Jali OMA (pap Ailasal) dpas gad) BelES (Cppaia
30 sall uld A8 (il sl B el Ao o2 vie aadaill ¢yl dlatial) (e Laa ol e )
B3 gasall

e zpall soly L el G (ool b ol (5 (3 lgmll 150 ol i) 5
REETRR | £l &).u:\ Jiy (Convergence) L) _giwY) Aa A Jsalddl

4303 580 il ghad




.(H,W,3) 3l (Cropped Image) dua seaiall &) guall 43 ias 2Minl: Az j ) Al s

. (Red, Green, Blue )bty L3l 58 ) 5 ) guall Jucbs 435 6l <l g8 (adldlinl

O sY) alasiuly sasl 5 3L £ LY GO il gi8l) e (Luminance Equation): £ shwd) ddatas (ki
g el

Gray = 0.299R + 0.587G + 0.114B
(H, W, 1) 2x) Zpalaf 48 iy 450 43 dhonal) Jlagiul; i) 48 ghuaa dyaad
ol i Gleal]0, 1] el B o ST O a8 anad (Normalization): afll gkl |
Al Als il 3 jaladl daale )11 3 ) seal) iz 3 guall £l )
e ) AN sled)
(29 JB) A el i)

@3l sl Grsatl) da ) g Anill 411 (apa sl puy




Grayscale Conversion Logic (Feature Simplification)

b

(Start: Input Cropped Image (H x W x 3) )

Luminance Processing J

(Separate Channels: Red, Green, Blue )

v

(Apply Weighting: 0.299R + 0.587G + 0.114B )

Data Formatting ),

(Update Matrix to Single Channel (HxW x 1) )

v

(Normalize Pixel Values to Range [0, 1] )

(Return Grayscale Image: Ready for Training )
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Targeted Embryo Cropping (Backiight Path)

b

(Start: Load Seed Coordinates from Step 1.6.3.4 )

ROl Detection /

(Identify Lower Region (Embryo Concentration) )

v

(Calculate Square Area (40% of Total Surface) j

Extraction Process

(Execute Matrix Slicing (Embryo Sub-matrix) )

v

(Validate Optical Contrast for Viability Features )

(Return Cropped Region: Digitally Magnified Embryo )
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Data Augmentation Algorithm

?

(img = receive_input(size=(224,224,3))

random() < 0.507? no

J(yes
(img = cv2.flip(img, 1) )‘

random() < 0.20? no

](yes
(img = cv2.flip(img, 0) )‘

angle = random_uniform(-15, 15)
img = rotate_image(img, angle)

v
(img = color_jitter(img, bright=0.3, contrast=0.3, sat=0.2, hue=0.1)
v
(img = random_resized_crop(img, scale=(0.8, 1.0), size=(224, 224))
v
(return augmented_img )
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Dataset Expansion: Raw vs. Augmented

Raw Images
mm Augmented Images 16800

Number of Images

Natural Light Backlight
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Dataset Expansion (Raw vs. Augmented)

] Raw Images
mm Augmented Images 16800

Image Count

Natural Light Backlight
AAIY Belay) g a5 Ll 4-17 (ana sl puy

Testing Set Validation Set

Training Set
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Inference & Decision Process

?

C’*«A.‘s (e 3 all 23 Flutter )

CJ_J.AASMobiIeNetV&Large ) (d-vm MobileNetV3-Small )

¥
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\/\1 |
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v
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