
    
      Table 1. 

      Description of physical meanings for symbols.

      
        


	Parameters
	Meanings





	N
	Number of spiral arms



	fsp
	Mass fraction of spiral arms



	wsp
	Spiral arm width



	θmax
	Maximum θ in logarithmic spiral models



	fbul
	Bulge mass fraction



	fbar
	Bar mass fraction



	Rbar
	Bar size



	Abar
	Bar axis ratio



	Fm
	Prediction accuracy of N-Net



	Fm, sp
	Fm for spiral arm regions



	Fm, nsp
	Fm for non-spiral arm regions



	Σ
	Projected stellar mass density



	θ
	Disk inclination angle w.r.t. disk spin axis



	fring
	Ring mass fraction



	Rring
	Ring size ( = Rbar)



	Rd
	Disk size



	Rf
	Image size w.r.t. Rd





      

    

  
    
      Fig. 1. 
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        U-Net architecture adopted in the present study. Rectangular boxes with different colors represent 2D convolutional (blue), maximum pooling (purple), up-sampling (green), and output (orange) layers. The input image (2D density map of a spiral galaxy) is processed in these layers counterclockwise along this U-shaped architecture, and the dimensions of input and output data (channel numbers, etc.) are shown within each box for each layer. The two 3 × 3 2D convolutional layers with a ReLU each are followed by a 2 × 2 maximum pooling layer, and this image processing is repeated at the left (contracting). In the right (expanding) part of U-Net, the output from a convolutional layer is concatenated with that from an up-sampling layer, and this concatenation is indicated by orange rectangles. For example, two 2D convolutional layers with 128 channels within the third block from top in the right part of U-Net are followed by an up-sampling layer, and the output of the up-sampling layer is concatenated with the output from the second convolutional layer with 64 channels within the second block from top in the left part of U-Net, and then input into the first convolutional layer with 64 channels within the second block from the top at the right. A sigmoid activation function rather than softmax is used in the final output layer in the present segmentation tasks of spiral arms.

      

    

  
    
      Table 2. 

      Summary of the parameter values in training data sets for U-Net.

      
        


	U-Net ID
	N
	fsp
	wsp
	θmax
	fbul
	fbar
	Rbar
	Fm
	Comments





	U1
	2
	0.4–0.9
	0.03
	3.14–6.28
	0–0.1
	0
	–
	0.987
	Fiducial model



	U2
	1–5
	0.4–0.9
	0.03
	3.14–6.28
	0–0.1
	0
	–
	0.982
	Multiple arms



	U3
	1–5
	0.4–0.5
	0.03
	3.14–6.28
	0.1–0.5
	0
	–
	0.965
	Larger bulges



	U4
	1–5
	0.1–0.5
	0.03
	3.14–6.28
	0.1–0.5
	0.4
	0.5
	0.985
	Bars and larger bulges



	U5
	1–5
	0.1–0.5
	0.03–0.06
	3.14–6.28
	0–0.1
	0.4
	0.5
	0.952
	Bars and wider spirals



	U6
	1–8
	0.4–0.9
	0.03
	3.14–6.28
	0–0.1
	0
	–
	0.977
	Large arm number





      

    

  
    
      Fig. 2. 
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        Two-dimensional maps of surface mass densities (Σ on logarithmic scale) of spiral galaxies projected onto the x − y plane for six different models with different N and with and without stellar bars. The 2D densities are normalized (0 ≤ Σ ≤ 1). The disk size in these galaxy images is assumed to be 17.5 kpc.

      

    

  
    
      Fig. 3. 
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        Same as Fig. 2, but for nine snapshots of the same spiral galaxy model with N = 2 viewed from nine different angles (θ).

      

    

  
    
      Fig. 5. 
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        Same as Fig. 4, but for the two sets of best (left) and worst images (right) for which the prediction accuracy (Fm) by U-Net is highest and lowest, respectively.

      

    

  
    
      Fig. 6. 
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        Number distributions of images for all (Fm; solid), spiral arm regions (Fm, sp; dotted), and nonspiral arm regions (Fm, nsp; dashed) for the U1 models. The normalized number (Ni) of images for each Fm bin is shown.

      

    

  
    
      Fig. 7. 
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        Same as Fig. 6, but for all regions (Fm) in the U2 models with N = 1 (dotted black), 2 (solid blue), 3 (dotted blue), 4 (solid red), and 5 (dotted red).

      

    

  
    
      Fig. 8. 
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        Same as Fig. 5, but for the U2 models.

      

    

  
    
      Fig. 10. 
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        Same as Fig. 6, but for three different θ (inclination of disks) ranges in the U2 models.

      

    

  
    
      Fig. 11. 
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        Same as Fig. 4, but for testing images (T10) of barred spiral galaxies with N = 2. This segmentation was made by U2, which was trained on synthesized images of nonbarred galaxies. Nevertheless, the locations of segmented spirals appears to match those of the original (ground-truth) spirals well.

      

    

  
    
      Fig. 12. 
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        Same as Fig. 6, but for 12 different testing data sets: different Rbar (T10 and T12; top left), fbul (T1 and T2; top right), wsp (T13 and T14; middle left), N (T15 and T16; middle right), ring models with different N (T17 and T18; bottom left), and different Rf (T21 and T22, bottom right). The U-Net used for these tests was trained on disk models that were not used to generate these images for testing.

      

    

  
    
      Fig. 13. 
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        Two-dimensional density maps of the spiral galaxy model S1 for three different time steps (S1−1, S1−2, and S1−3; upper panel) and the projected distributions of the segmented spiral arms (lower panel). For clarity, the pixels that are identified as the parts of spiral arms are shown as logΣ = 1 (i.e., highest density; yellow). Other pixels are shown as logΣ = 0 (i.e., lowest density; black).

      

    

  
    
      Fig. 14. 
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        Same as Fig. 13, but for the S2 model (S2−1, S2−2, and S2−3).

      

    

  
    
      Fig. 15. 
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        Same as Fig. 13, but for the S3 model (S3−1, S3−2, and S3−3).
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