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1 Methodology
1.1 OBB detector training and model selection 
Figure S1. Training and validation loss curves for the YOLO11n-OBB detector across five-fold cross-validation. Loss trajectories are shown for (a) box regression loss, (b) classification loss, and (c) distribution focal loss (DFL). Colored curves represent the individual folds, the solid black line denotes the mean training loss, and the dashed black line denotes the mean validation loss across folds. The gray shaded region indicates ±1 standard deviation of the validation loss. The vertical dotted line marks the selected operating epoch (epoch 75), which was used for subsequent analyses.
   [image: ]
1.2 Focus feature definitions 
The following equations reproduce the feature definitions used in the implementation. All quantities are computed from an OBB-cropped image patch after min–max normalization to the interval . The equations are grouped according to the feature categories used in the manuscript.
Table S1. Mathematical definitions of the 18 focus features. Symbols follow the notation defined above.
	Category
	Feature
	Symbol
	Equation
	Specification

	Classical focus measures
	Laplacian variance
	
	
	Population variance Var

	
	Modified Laplacian
	
	
	

	
	Sum Modified Laplacian
	
	
	The absolute value is redundant because Ixx² + Iyy² ≥ 0.

	Directional
 derivatives
	Mean absolute normal second derivative
	
	
	

	
	Normal second-derivative energy
	
	
	

	
	Mean absolute tangential second derivative
	
	
	

	
	Tangential second-derivative energy
	
	
	

	
	Mean absolute normal gradient
	
	
	

	
	Tangential gradient energy
	
	
	

	Intensity / local variation
	Local variance energy
	
	
	= B₃(I²) − [B₃(I)]²; B₃ is the 3×3 box-filter average.

	
	Mean intensity
	
	
	

	
	Intensity energy
	
	
	

	Spectral features
	Fourier energy
	
	
	

	
	High-frequency energy (15%)
	
	
	

	
	High-frequency energy (30%)
	
	
	

	
	High-frequency fraction (15%)
	
	
	

	
	High-frequency fraction (30%)
	
	
	



1.2.1 Notation
Let  denote the normalized image patch and let  denote the binary OBB mask. For derivative-based quantities,  denotes the eroded inner mask used to reduce boundary artifacts. For any pixel set , define

Spatial derivatives are computed using  Sobel operators. We denote the first derivatives by  and , the second derivatives by , , and , and the discrete Laplacian by .
The OBB orientation is . The tangent and normal unit vectors are

The directional first derivatives are


The directional second derivatives are obtained by projecting the Hessian onto the tangent and normal directions:


For Fourier-domain features, let  be the normalized patch multiplied by the Gaussian-smoothed OBB mask . Define

where denotes the centered 2D Fourier transform of , with the zero-frequency component located at the center of the spectrum.
Let  be the radial frequency normalized by the maximum radius. For a cutoff , define

and let  be the total number of Fourier coefficients. The implementation uses  in denominators where indicated. 
2. Results
2.1 Additional reconstruction examples
2.1.1. Time-lapse reconstruction (Supplementary Video S1)
[image: ]Supplementary Video S1. Time-lapse visualization of the 25-h fungal network reconstruction experiment shown in Fig. 10. The sequence shows the temporal evolution of the depth-coded reconstruction together with representative microscopy planes and OBB focus predictions across time.
2.1.2. Complex fungal network reconstruction (Figure S2)
Figure S2. Application of the proposed framework to a more structurally complex fungal network. (a) Depth-coded XY reconstructions at 0, 9, 18, and 25 h. (b) Representative three-dimensional reconstruction generated by the proposed framework. (c) Corresponding raw bright-field microscopy plane.
[image: ]
2.2 Quantitative Assessment of 3D Reconstruction
2.2.1. Translations of 50–100 µm (Table S2)
Table S3. Axial-tolerant overlap rate (ATOR) between the OBB-based reconstruction and manual segmentation under varying axial tolerances and minimum overlap thresholds. Original values represent the percentage of reconstructed OBBs satisfying each overlap criterion, while control values indicate the mean ± standard deviation obtained from 100 random XY translations of 50–100 µm.
	
	10%
	20%
	0%

	Axial tolerance (um)
	Original
(%)
	Control mean ± SD (%)
	Original
(%)
	Control mean ± SD (%)
	Original
(%)
	Control mean ± SD (%)

	0
	30.35
	2.29 ± 1.59
	27.70
	1.55 ± 1.20
	24.63
	0.94 ± 0.90

	5
	40.30
	3.43 ± 2.27
	38.27
	2.46 ± 1.77
	35.20
	1.54 ± 1.38

	10
	48.40
	4.38 ± 2.88
	46.33
	3.22 ± 2.30
	43.64
	2.05 ± 1.79

	15
	56.46
	5.24 ± 3.44
	54.29
	3.89 ± 2.79
	51.15
	2.51 ± 2.15

	20
	63.80
	6.05 ± 3.97
	61.56
	4.52 ± 3.23
	58.15
	2.93 ± 2.52

	25
	69.79
	6.78 ± 4.44
	67.55
	5.09 ± 3.63
	64.17
	3.28 ± 2.80

	30
	74.06
	7.46 ± 4.85
	72.24
	5.60 ± 3.98
	68.65
	3.58 ± 3.05

	35
	77.23
	8.02 ± 5.18
	75.75
	6.03 ± 4.26
	71.96
	3.85 ± 3.26



2.2.2. Translations of 100–200 µm (Table S3)
Table S4. Axial-tolerant overlap rate (ATOR) between the OBB-based reconstruction and manual segmentation under varying axial tolerances and minimum overlap thresholds. Original values represent the percentage of reconstructed OBBs satisfying each overlap criterion, while control values indicate the mean ± standard deviation obtained from 100 random XY translations of 100–200 µm.
	
	10%
	20%
	0%

	Axial tolerance (um)
	Original
(%)
	Control mean ± SD (%)
	Original
(%)
	Control mean ± SD (%)
	Original
(%)
	Control mean ± SD (%)

	0
	30.35
	0.90 ± 0.84
	27.70
	0.57 ± 0.68
	24.63
	0.30 ± 0.49

	5
	40.30
	1.44 ± 1.20
	38.27
	0.97 ± 0.97
	35.20
	0.51 ± 0.74

	10
	48.40
	1.87 ± 1.50
	46.33
	1.28 ± 1.22
	43.64
	0.68 ± 0.93

	15
	56.46
	2.25 ± 1.81
	54.29
	1.57 ± 1.49
	51.15
	0.84 ± 1.11

	20
	63.80
	2.64 ± 2.11
	61.56
	1.85 ± 1.74
	58.15
	0.99 ± 1.28

	25
	69.79
	2.99 ± 2.37
	67.55
	2.11 ± 1.96
	64.17
	1.13 ± 1.43

	30
	74.06
	3.33 ± 2.62
	72.24
	2.37 ± 2.18
	68.65
	1.25 ± 1.57

	35
	77.23
	3.63 ± 2.83
	75.75
	2.59 ± 2.35
	71.96
	1.36 ± 1.70
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