
Detailed description and calculation method of features 

1. Zero-crossing rate 

The zero-crossing rate (ZRC) is the rate of sign changes of the signal within a specific 

frame duration, or in other words, the number of times the signal crosses zero. ZRC is 

highly sensitive to "noise" in audio; when there is interference, the value of ZRC 

tends to be higher. Specifically, the calculation method for the zero-crossing rate of 

the 𝑖th frame of audio signal is as follows: 
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Here, 𝑥𝑖(𝑛) represents the audio signal of the 𝑖th frame, and 𝐿 represents the number 

of audio frames. 
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 represents as a normalization factor to ensure that the ZRC value 

remains within a reasonable range. 

2. Short-term energy 

Short-term energy refers to the sum of squares of each frame signal, reflecting the 

strength of the signal's energy. It can have high explanatory power in the recognition 

of emotional activation states. The calculation method for the short-term energy of the 

𝑖th frame of audio signal is as follows: 
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Here, 𝑥𝑖(𝑛) represents the audio signal of the 𝑖th frame, L represents the number of 

samples in the audio frame. 

3. Entropy of Energy 

Energy entropy is calculated based on the normalized energy of multiple subframes in 

each audio frame. It can be interpreted as a measure of abrupt changes. The 

calculation method for the energy entropy of the 𝑖th frame of audio signal is as 

follows: 
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Here, 𝑒𝑛𝑒𝑟𝑔𝑦𝑗 represents the short-term energy of subframe 𝑗, 𝐻(𝑖) represents the 

energy entropy of the ith frame of the audio signal. 

4. Spectral Centroid 

The spectral centroid is the "center of gravity" of the spectrum. The higher the value 

of the spectral centroid, the more concentrated the energy of the signal is in higher 

frequencies. The spectral centroid of each audio frame can be calculated using the 

following equation: 
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where 0≤K≤N – 1, 𝑋(𝑘) represents the Fourier transform result of the 𝑘th 

frequency component, 𝑥(𝑛) represents the audio signal value at the 𝑛th sample 

point, N represents the total number of sample points, k represents the frequency 

component index,  j represents the imaginary unit. 

5. Spectral Spread 

Spectral spread, also known as the second-order central moment of the spectrum, the 

spectral spread describes the distribution of the audio signal around the spectral 

centroid. The calculation formula is as follows: 
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Here, 𝑐𝑖 represents spectral centroid of the 𝑖th frame. 

6. Spectral Entropy 

Spectral entropy is the entropy of normalized spectral energy for a group of sub-

frames, characterizing the regularity of the power spectrum of a speech signal. The 

calculation formula is as follows: 
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Here, N represents the total number of subframes, 𝑃(𝑋𝑖(𝑘)) represents the power 

spectral density function of the 𝑘th frequency component of the 𝑖th frame. 

7. Spectral Flux 

Spectral flux captures the spectral change between two consecutive frames. It is 

calculated as the squared difference between the normalized magnitudes of spectra in 

two consecutive short-term windows. The calculation formula is as follows: 
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Here, 𝐹𝑙(𝑖,𝑖−1) represents the spectral flux between the 𝑖th frame and the 𝑖−1th frame. 

𝐸𝑁𝑖(𝑘) represents the normalized Discrete Fourier Transform (DFT) coefficient of 

the 𝑖th frame at frequency dimension 𝑘. The calculation formula is as follows: 
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8. Spectral Rolloff 

Spectral rolloff represents the frequency below a specified percentage of the total 

spectral energy. In this paper, 90% is used as the standard. The calculation method for 

spectral decay is as follows: 
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Here, |𝑋𝑖(𝑘)| represents the magnitude of the Fourier transform coefficient at 

frequency 𝑘 for the 𝑖th frame. 

9. Mel frequency cepstral coefficients(MFCCs) 

Assuming 𝑝 represents the Mel scale, these feature vectors are obtained under the 

condition of the first 𝑝 Discrete Cosine Transform coefficients. In this study, the Mel 

scale (𝑝) is set to 13, with the 13 extracted features denoted as 𝑚𝑓𝑐𝑐1 to 𝑚𝑓𝑐𝑐13. 



10. Chroma vector 

A vector containing 12 parameters (chroma1 to chroma12) represents the spectral 

energy at 12 pitch points within a segment. The standard deviation of these 12 

parameters can be calculated and also used as an audio feature. 


