Supplementary Section S1. Overlapping Image Tiling Procedure
To preserve high-resolution cellular morphology while maintaining compatibility with YOLO-based object detection frameworks, microscopy images were subdivided into overlapping image tiles prior to training. The tiling procedure was designed to reduce information loss associated with image downsampling while minimizing object truncation near tile boundaries. Bounding boxes were assigned to a tile only when the complete annotated object was fully enclosed within the tile boundaries, and coordinates were subsequently transformed into the local tile coordinate system. This approach preserved fine morphological features of individual erythrocytes while increasing the effective number of training samples available for model optimization. A detailed pseudocode implementation of the workflow is provided in Algorithm S1.
Algorithm S1. Overlapping Image Tiling Workflow[image: ]
Require: Image I ∈ ℝH×W , bounding boxes B, tile size TH × TW , overlap a 
Ensure: Tiled images with YOLO-format labels

Step 1: Compute tile bounds
if W ≤ TW + a then
x0 = 0
x1 = W
else
for each tile of width TW  that fits within W do
x0 = number of tiles so far × TW 
x1 = min(start + TW + a, W)
if x1 is W do
x0 = W - (TW + a)
end if
end for
end if
Repeat with H and TH for y-bounds

Step 2: Create tiles
for all pairs of x-bound and y-bound (x0, x1), (y0, y1) do
Crop I to x and y-bounds
for all boxes B fully inside the x and y bounds do
translate box from coordinates relative I to coordinates relative to tile	 using (x0, y0)
end for
if valid boxes exist then 
Save tile and corresponding bounding boxes
end if
end for
return Tiled image[image: ]

Supplementary Table S1. Architectural scale and computational complexity of YOLO models evaluated in this study.
	Model Family
	Variant
	Parameters (M)
	FLOPs (B)

	YOLOv5
	n (Nano)
	2.6
	7.7

	
	s (Small)
	9.1
	24.0

	
	m (Medium)
	25.1
	64.2

	
	l (Large)
	53.2
	135.0

	
	x (Extra-large)
	97.2
	246.4

	YOLOv8
	n (Nano)
	3.2
	8.7

	
	s (Small)
	11.2
	28.6

	
	m (Medium)
	25.9
	78.9

	
	l (Large)
	43.7
	165.2

	
	x (Extra-large)
	68.2
	257.8

	YOLOv11
	n (Nano)
	2.6
	6.5

	
	s (Small)
	9.4
	21.5

	
	m (Medium)
	20.1
	68.0

	
	l (Large)
	25.3
	86.9

	
	x (Extra-large)
	56.9
	194.9



Parameters and floating-point operations (FLOPs) were obtained from the official Ultralytics model specifications and are reported for comparison of model scale and computational complexity.
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