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Implementation details of deep feature extraction 

 

During the pre-training phase, the SW-FCMAE follows the following formulas: 

Encoder: h = fθ(x ⊙ (1 − m)) 

Decoder: x̂ = gϕ(h) 

Here, x is the original input image, m is the mask applied to the image, h is the hidden 

representation generated by the encoder fθ, and x̂ is the image reconstructed by the 

decoder gϕ. The encoder is responsible for mapping the unmasked parts of the input 

image to a latent space, whereas the decoder attempts to reconstruct the entire image, 

including the masked portions. 

The model was trained by minimizing the difference between the input image x and 

reconstructed image x̂, that is, by minimizing the following loss function: 

𝐿reconstruction =∥ x − x̂ ∥2 

Additionally, the SW-FCMAE includes a feature-decorrelation module to reduce the 

correlation among features and enhance feature independence. This module adjusts the 

loss function using regularization terms based on Random Fourier Features (RFF). 

 

The mapping into the RFF space is defined as: 

𝜙(𝑥) = √
2

𝐷
cos(𝑊𝑥 + 𝑏) 

where, 𝑊 is a random Gaussian matrix, 𝑏 is a random vector, and 𝐷 is the 

dimensionality of the RFF space. 

 

The correlation matrix 𝐶 is computed as: 

𝐶 =
1

𝑛
∑(𝑤𝑖𝑥𝑖 − 𝜇)

𝑛

𝑖=1

(𝑤𝑖𝑥𝑖 − 𝜇)𝑇 

where 𝑤𝑖 is the weight of the 𝑖-th feature, 𝑥𝑖 is the feature vector, and 𝜇 is the mean 

feature vector. 
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The overall loss function 𝐿 is: 

𝐿 = 𝐿reconstruction + 𝜆 ∑ 𝐶𝑖𝑗
2

𝑖≠𝑗

 

where 𝐿reconstruction is the reconstruction loss described above, 𝜆 is a regularization 

parameter, and 𝐶𝑖𝑗represents the off-diagonal elements of the correlation matrix 𝐶. This 

encourages the model to capture more diversified features by minimizing correlations. 


