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This thesis examines the technologies of Blind Source Separation (BSS) to design and 
implement an embedded system for the separation of concurrent speakers in a room. Speech 
separation is a vital process for various fields such as speech recognition, and advanced audio 
processing. 

The problem that this thesis aims to solve is the so-ŎŀƭƭŜŘ ά/ƻŎƪǘŀƛƭ tŀǊǘȅ 9ŦŦŜŎǘ tǊƻōƭŜƳέΣ ƛƴ 
real time. The cocktail party effect is the ability of the brain to focus its auditory attention on 
a particular stimulus of interest. In the context of signal processing, we refer to it as an audio 
processing and signal separation problem. It focuses on separating specific sound sources 
from a mixed sample, especially when the sources overlap in time and/or frequency. 

Firstly, a literature review is provided, which lists various Blind Source Separation (BSS) and 
signal Preprocessing and Postprocessing techniques.  

A comparative analysis of MATLAB experiments is performed for an evaluation of proposed 
machine learning techniques. 

The implementation of the system is completed based on the Independent Component 
Analysis (ICA) machine learning technique, specifically the implementation of the Fast ICA 
algorithm, on a microcomputer system, namely the STM32F334R8 board, with an ARM 
CORTEX M4 processor. The system is programmed in bare metal C, based on ARM's CMSIS 
libraries to exploit their speeds. 

The implementation includes preparing the system for receiving audio signals and 
implementing the Fast ICA algorithm, a fast implementation of ICA, to separate the signals. 

The results indicate that this algorithm is not the most suitable for memory-constrained 
applications.  

In the next steps it is worth considering Deep Neural Network (DNN) techniques to implement 
the separation and to test different models for the optimal result.  
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ɳʽˋʰʴ˖ʴʺ 

ʆˇ ζ˒ʰʽ˄ˈ˃ʶ˄ˇ ˁˇˁˍʷʽ˂ ˉʱˊˍʽη όCocktail Party Effect)[1] ʶʾ˄ʰʽ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ˍˇˎ ʶʴˁʶ˒ʱ˂ˇˎ 
˄ʰ ʶˋˍʽʱʸʶʽ ˍʹ˄ ʰˁˇˎˋˍʽˁʺ ˍˇˎ ˉˊˇˋˇ˔ʺ ˋʶ ʷ˄ʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ʶˊʷʻʽˋ˃ʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ όˉ˔Φ 
ʷ˄ʰ˄ ˇ˃ʽ˂ʹˍʺύ ˋʶ ʷ˄ʰ ʻˇˊˎʲ˗ʵʶˌ ˉʶˊʽʲʱ˂˂ˇ˄Φ ʅʶ ʷ˄ʰ ˁˇˁˍʷʽ˂ ˉʱˊˍʽ ʻʰ ˎˉʱˊ˔ˇˎ˄ ˉˇ˂˂ʰˉ˂ˇʾ 
ˇ˃ʽ˂ʹˍʷˌ ˁʰʽ ʴʶ˄ʽˁʱ ʻˇˊˎʲ˗ʵʶˌ ˉʶˊʽʲʱ˂˂ˇ˄Σ ˈ˃˖ˌ ʷ˄ʰˌ ʰˁˊˇʰˍʺˌ ʷ˔ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ 
ʵʽʰ˔˖ˊʾˋʶʽ ˍʹ ˒˖˄ʺ ʶ˄ˈˌ ˁʰʽ ˃ˈ˄ˇ ˇ˃ʽ˂ʹˍʺΦ 

ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˇ ζʰˁˊˇʰˍʺˌη ʶʾ˄ʰʽ ʷ˄ʰ ˎˉˇ˂ˇʴʽˋˍʽˁˈ ˋˏˋˍʹ˃ʰ ʹ ʶˉʾ˂ˎˋʹ ˍˇˎ 
ˉˊˇʲ˂ʺ˃ʰˍˇˌ ʴʾ˄ʶˍʰʽ ˉʽˇ ˉʶˊʾˉ˂ˇˁʹΦ ʅʶ ʷ˄ʰ ˃ʹ ʽʵʰ˄ʽˁˈ ʵ˖˃ʱˍʽˇΣ ˉʷˊʰ ʰˉˈ ˍʽˌ ʵʽʱ˒ˇˊʶˌ 
ˉʹʴʷˌ ʺ˔ˇˎ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˎˉʱˊ˔ˇˎ˄ ˋˍˇ ˔˗ˊˇΣ ˃ʶʴʱ˂ˇ ˊˈ˂ˇ ˉʰʾʸʶʽ ˁʰʽ ʹ ʰˁˇˎˋˍʽˁʺ ˍˇˎ ʾʵʽˇˎ 
ˍˇˎ ʵ˖˃ʰˍʾˇˎΦ ʅʶ ʷ˄ʰ˄ ʰ˂ʴˈˊʽʻ˃ˇ ʰˉˇˋˏ˄ʻʶˋʹˌ ˍˇˎ ʰ˄ʰ˃ʶʽʴ˃ʷ˄ˇˎ ˋʺ˃ʰˍˇˌ ʻʰ ˉˊʷˉʶʽ ˄ʰ 
˂ʹ˒ʻˇˏ˄ ˎˉˈ˕ʹ ˍʰ ʵʽʱ˒ˇˊʰ ˋʺ˃ʰˍʰΣ ʻˈˊˎʲˇʽΣ ʰ˂˂ʱ ʰˁˈ˃ʹ ˁʰʽ ˁʱˉˇʽʰ ʹ˔˗ ˍ˖˄ ʾʵʽ˖˄ 
ˋʹ˃ʱˍ˖˄Φ 

ʆˇ ˉˊˈʲ˂ʹ˃ʰ ʰˎˍˈ ʴʽʰ ˍˇ˄ ʵʽʰ˔˖ˊʽˋ˃ˈ ˋˎʴˁʶˁˊʽ˃ʷ˄˖˄ ʰˊ˔ʽˁ˗˄ ˋʹ˃ʱˍ˖˄Σ ʰˉˈ ˃ʾʰ ʺ 
ˉʶˊʽˋˋˈˍʶˊʶˌ ˃ʾ˅ʶʽˌ ˍˇˎˌΣ ˇ˄ˇ˃ʱʸʶˍʰʽ  ζBlind Source Separation» [2]. ɾʾʰ ˉˊˇˋʷʴʴʽˋʹ 
ʶˉʾ˂ˎˋʹˌ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ .{{ ʶʾ˄ʰʽ ʹ ζIndependent Component Analysisη όL/!ύΦ I L/! ʶʾ˄ʰʽ 
˃ʽʰ ˎˉˇ˂ˇʴʽˋˍʽˁʺ ˃ʷʻˇʵˇˌ ʴʽʰ ˍˇ˄ ʵʽʰ˔˖ˊʽˋ˃ˈ ʶ˄ˈˌ ʰ˄ʰ˃ʶʽʴ˃ʷ˄ˇˎ ˋʺ˃ʰˍˇˌ ˋˍʰ ʵʽʱ˒ˇˊʰ 
ˎˉˇˍ˃ʺ˃ʰˍʱ ˍˇˎΦ 

ʅˍˈ˔ˇˌ ʰˎˍʺˌ ˍʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌ ʶʾ˄ʰʽ ʹ ˁʰˍʰˋˁʶˎʺ ʶ˄ˈˌ ˃ʽˁˊˇːˉˇ˂ˇʴʽˋˍʽˁˇˏ 
ˋˎˋˍʺ˃ʰˍˇˌΣ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ˍʶ˔˄ʽˁ˗˄ ˃ʹ˔ʰ˄ʽˁʺˌ ˃ʱʻʹˋʹˌ ˍˎ˒˂ˇˏ ʵʽʰ˔˖ˊʽˋ˃ˇˏ ˒˖˄˗˄Σ ˃ʶ 
ˋˍˈ˔ˇ ̱ ˇ˄ ʵʽʰ˔˖ˊʽˋ˃ˈ ˋʹ˃ʱˍ˖˄ ˋʶ ʷ˄ʰ ˔˗ˊˇ, ̀ ʶ ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇΦ 
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1 ɸʶ˖ˊʹˍʽˁˈ ʇˉˈʲʰʻˊˇ 

O ʆˎ˒˂ˈˌ ɲʽʰ˔˖ˊʽˋ˃ˈˌ ʃʹʴ˗˄ ʺ ζBlind Source Separation» (BSS) [2] ʶʾ˄ʰʽ ˃ʽʰ ʽˋ˔ˎˊʺ 
˃ʷʻˇʵˇˌ ʶˉʶ˅ʶˊʴʰˋʾʰ ˋʹ˃ʱˍ˖˄ ˉˇˎ ˉˊˇˍʱʻʹˁʶ ˋˍʰ ˍʷ˂ʹ ˍʽˌ ʵʶˁʰʶˍʾʰˌ ˍˇˎ мфулΦ ʍˌ 
ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍʹˌ ˋˍʰˍʽˋˍʽˁʺˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˋʹ˃ʱˍ˖˄Σ ˍʶ˔˄ʹˍ˗˄ ˄ʶˎˊ˖˄ʽˁ˗˄ ʵʽˁˍˏ˖˄ ˁʰʽ 
ˍʶ˔˄ˇ˂ˇʴʾʰˌ ˍʹˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ʷ˔ʶʽ ʰˉˇˍʶ˂ʷˋʶʽ ˋʹ˃ʰ˄ˍʽˁˈ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ʷˊʶˎ˄ʰˌ ˁʰʽ 
ʰ˄ʱˉˍˎ˅ʹˌ ʵʶ ʵʽʱ˒ˇˊˇˎˌ ˍˇ˃ʶʾˌ ˈˉ˖ˌ ʹ ʶˉʶ˅ʶˊʴʰˋʾʰ ʶʽˁˈ˄ʰˌΣ ʹ ʲʽˇˍʶ˔˄ˇ˂ˇʴʾʰ ˁʰʽ ʹ 
ʶˉʶ˅ʶˊʴʰˋʾʰ ˋʹ˃ʱˍ˖˄ ˇ˃ʽ˂ʾʰˌΦ 

ɮˉˇˍʶ˂ʶʾ ʷ˄ʰ ˁ˂ʰˋˋʽˁˈ ˁʰʽ ˉʶˊʾˉ˂ˇˁˇ ˉˊˈʲ˂ʹ˃ʰ ˋˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ˋʹ˃ʱˍ˖˄ ˁʰʽ 
ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ˁʰʽ ʰ˄ʱˁˍʹˋʹ ˍ˖˄ ˎˉˇˁʶʾ˃ʶ˄˖˄ ˋʹ˃ʱˍ˖˄ ˉʹʴʺˌ ʰˉˈ ˉˇ˂-ˏ
˃ʶˍʰʲ˂ʹˍʱ ˋˍʰˍʽˋˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰΦ To ζˍˎ˒˂ˈη ˋˁʷ˂ˇˌ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ʰ˄ʰ˒ʷˊʶˍʰʽ ˋˍˇ ˈˍʽ 
ʵʶ˄ ˎˉʱˊ˔ʶʽ ˁʱˉˇʽʰ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ʴ˄˗ˋʹ ʴʽʰ ˍʰ ʰˊ˔ʽˁʱ ˋʺ˃ʰˍʰΣ ˇˏˍʶ ʴʽʰ ˍˇ ˋˏˋˍʹ˃ʰ ˋˍˇ 
ˇˉˇʾˇ ʰˎˍʱ ʰ˄ʰ˃ʶʽʴ˄ˏˇ˄ˍʰʽΦ ɼˏˊʽˇˌ ˋˍˈ˔ˇˌ ˍˇˎ BSS ʶʾ˄ʰʽ ʹ ʰ˄ʱˁˍʹˋʹ ˍˇˎ ˋʺ˃ʰˍˇˌ 
ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ʰˉˈ ˁʱˉˇʽʰ ˉʰˊʰˍʹˊˇˏ˃ʶ˄ʰ ʵʶʵˇ˃ʷ˄ʰΣ ˍʰ ˇˉˇʾʰ ʶʾ˄ʰʽ ˃ʾʰ ʰ˄ʱ˃ʶʽ˅ʹ ʶ˄ˈˌ 
ʰˊʽʻ˃ˇˏ ˋʹ˃ʱˍ˖˄Φ  

ʅʶ ʶ˒ʰˊ˃ˇʴʷˌ ʶˉʽˋˍʹ˃ˇ˄ʽˁˇˏ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˉˇ˂ˏ ˋˎ˔˄ʱ ˍʰ ˉʰˊʰˍʹˊˇˏ˃ʶ˄ʰ ˋʺ˃ʰˍʰ 
˃ˉˇˊˇˏ˄ ˄ʰ ˉʰˊˇˎˋʽʰˋˍˇˏ˄ ˋʰ˄ ˃ʽʰ ˃ʾ˅ʹ ˉˇ˂˂ʰˉ˂˗˄ ˋʹ˃ʱˍ˖˄Φ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ˍˇ ˋʺ˃ʰ 
ˉʰˊʰˍʺˊʹˋʹˌ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˃ʾʰ ˋʶʽˊʱ ʰʽˋʻʹˍʺˊ˖˄ ˉˇˎ ˇ ˁʰʻʷ˄ʰˌ ʵʷ˔ʶˍʰʽ ʷ˄ʰ ʵʽʰ˒ˇˊʶˍʽˁˈ 
ʰ˄ʰ˃ʶʽʴ˃ʷ˄ˇ ˋʺ˃ʰΦ 

ʆʰ ʲʰˋʽˁʱ ˋˍʱʵʽʰ ʴʽʰ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ʰˉˇˋˏ˄ʻʶˋʹ ˁʰʽ ʶ˅ʰʴ˖ʴʺ ˋʺ˃ʰˍˇˌΣ ʲʰˋʽʸˈ˃ʶ˄ʰ ˋˍʹ˄ 
ˍʶ˔˄ʽˁʺ BSS ʁ ʾ˄ʰʽ ˍʰ ʶ˅ʺˌΥ 

 

1.1 ʃˊˇʶˉʶ˅ʶˊʴʰˋʾʰ όPreprocessing) 

ɶ ˉˊˇʶˉʶ˅ʶˊʴʰˋʾʰ ˋʹ˃ʱˍ˖˄ ʶʾ˄ʰʽ ˁʰʾˊʽʰˌ ˋʹ˃ʰˋʾʰˌ ˋˍʹ˄ ʶˉʾ˂ˎˋʹ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ BSS ʴʽʰ ˍʹ 
ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˍʹˌ ʰˁˊʾʲʶʽʰˌ ˁʰʽ ʰˉˈʵˇˋʹˌ ˍ˖˄ ʰ˂ʴˇˊʾʻ˃˖˄ ʵʽʰ˔˖ˊʽˋ˃ˇˏΦ ʅˍˇ˔ʶˏʶʽ ˋˍʹ˄ 

ʃˊˇ ʶˉʶ˅ʶˊʴʰˋʾʰ 
(preprocessing)

oɼʶ˄ˍˊʱˊʽˋ˃ʰ 
ʵʶʵˇ˃ʷ˄˖˄ (Center 
Data)

oζɽʶˏˁʰ˄ˋʹη ˋʺ˃ʰˍˇˌ 
(Whitening)

oɾʶʾ˖ˋʹ ʵʽʰˋˍʱˋʶ˖˄

oʊʽ˂ˍˊʱˊʽˋ˃ʰ

oFFT

o...

Blind Source 
Separation

oICA

oNMF

oSCA

oIVA

oDeep Neural Networks

o...

ɾʶˍʰ-
ʶˉʶ˅ʶˊʴʰˋʾʰ 
(postprocessing)

oʅˎ˃ˉʾʶˋʹ

oʊʽ˂ˍˊʱˊʽˋ˃ʰ

oɮ˄ʾ˔˄ʶˎˋʹ ʰ˂˂ʰʴ˗˄

oɼʰˍʹʴˇˊʽˇˉˇʾʹˋʹ

oΧ

ʃʾ˄ʰˁʰˌ 1 ʅˍʱʵʽʰ ɱʽʰ ʁ˂ˇˁ˂ʺˊ˖ˋʹ ʆˎ˒˂ˇˏ ɲʽʰ˔˖ˊʽˋ˃ˇˏ ʃʹʴ˗˄ όBSS) 
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ʶ˄ʾˋ˔ˎˋʹ ˍʹˌ ˉˇʽˈˍʹˍʰˌ ˍ˖˄  ʰ˄ʰ˃ʶʽʴ˃ʷ˄˖˄ ˋʹ˃ʱˍ˖˄ ˁʰʽ ˁʰʻʽˋˍʱ ˍʹ˄ ʵʽʰʵʽˁʰˋʾʰ 
ʵʽʰ˔˖ˊʽˋ˃ˇˏ ʶˎˁˇ˂ˈˍʶˊʹ [2], [3]. 

ɼʱˉˇʽʶˌ ˍʶ˔˄ʽˁʷˌ ˉˊˇʶˉʶ˅ʶˊʴʰˋʾʰˌ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ʶˉʽʴˊʰ˃˃ʰˍʽˁʱ ˉʰˊʰˁʱˍ˖Υ 

o ɼʶ˄ˍˊʱˊʽˋ˃ʰ ɲʶʵˇ˃ʷ˄˖˄ (Data Centering): 
ɶ ʵʽʰʵʽˁʰˋʾʰ ˁʶ˄ˍˊʰˊʾˋ˃ʰˍˇˌ ʰ˄ʰ˒ʷˊʶˍʰʽ ˋˍʹ˄ ʰ˒ʰʾˊʶˋʹ ˍʹˌ DC ˋˎ˄ʽˋˍ˗ˋʰˌ ˁʱʻʶ 
ˋʺ˃ʰˍˇˌΣ ʷˍˋʽ ˗ˋˍʶ ˄ʰ ˉˊˇˁˏ˕ʶʽ ˋʺ˃ʰ ˃ʶ ˃ʹʵʶ˄ʽˁʺ ˃ʷˋʹ ˍʽ˃ʺΦ ʆˇ ʴʶʴˇ˄ˈˌ ʰˎˍˈ ʶʾ˄ʰʽ 
ˉˇ˂ˏ ˔ˊʺˋʽ˃ˇ ˋʶ ˁʱˉˇʽˇˎˌ ʰ˂ʴˇˊʾʻ˃ˇˎˌ BSS ˁʰʻ˗ˌ ʰˉ˂ˇˉˇʽʶʾ ˍʹ ʵʽʰʵʽˁʰˋʾʰ 
ʵʽʰ˔˖ˊʽˋ˃ˇˏΦ 

o ɽʶˏˁʰ˄ˋʹ ɲʶʵˇ˃ʷ˄˖˄ όWhitening): 
ɮˉˇˍʶ˂ʶʾ ʷ˄ʰ˄ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈ ˉˇˎ ʰˉˈ-ˋˎˋ˔ʶˍʾʸʶʽ ˍʰ ˋʺ˃ʰˍʰ ˁʰʽ ˁʰʻʽˋˍʱ ˍˇ˄ 
ˉʾ˄ʰˁʰ ˋˎ˄ʵʽʰˁˏ˃ʰ˄ˋʺˌ ˍˇˎˌ ʾˋˇ ˃ʶ ˍˇ˄ ˍʰˎˍˇˍʽˁˈ ˉʾ˄ʰˁʰΦ ɶ ʵʽʰʵʽˁʰˋʾʰ ʰˎˍʺ 
ʰˉ˂ˇˉˇʽʶʾ ˍʰ ˋˍʰˍʽˋˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˍ˖˄ ˉʽ˄ʱˁ˖˄ ˁʰʽ ˁʰˍΩ ʶˉʷˁˍʰˋʹ ʵʾ˄ʶʽ ˍʹ 
ʵˎ˄ʰˍˈˍʹˍʰ ˋˍˇ˄ BSS ˄ ʰ ˂ʶʽˍˇˎˊʴʺˋʶʽ ˉʽˇ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʱΦ 

o ʊʽ˂ˍˊʱˊʽˋ˃ʰ ɲʁ ʵˇ˃ʷ˄˖˄Υ 
ɾʶ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ ˁʰˍʱ˂˂ʹ˂ˇˎ ˒ʾ˂ˍˊˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ʰˉˇˁˇˉˇˏ˄ ˋˎ˔˄ˈˍʹˍʶˌ 
ˉʷˊʰ ˍˇˎ ʶˏˊˇˎˌ ˉˇˎ ˔ˊʶʽʱʸˇ˄ˍʰʽΦ ɾʶ ʰˎˍˈ˄ ˍˇ˄ ˍˊˈˉˇ ˃ˉˇˊʶʾ ˄ʰ ʰ˒ʰʽˊʶʻʶʾ 
ʻˈˊˎʲˇˌ ʺ ˍˎ˔˗˄ ˋˎ˔˄ˈˍʹˍʶˌ ˉˇˎ ˄ʰ ʶ˃ˉˇʵʾʸˇˎ˄ ˍˇ˄ BSS. ɾˉˇˊʶʾ ˄ʰ ʶ˄ʽˋ˔ˏˋʶʽ ˍʹ 
ʵˎ˄ʰˍˈˍʹˍʰ ʵʽʰ˔˖ˊʽˋ˃ˇˏ h ˒ʰʽˊ˗˄ˍʰˌ ˉʶˊʽˍˍʱ ˋˍˇʽ˔ʶʾʰ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌΦ 

o ʊʰˋ˃ʰˍʽˁʺ ɮ˒ʰʾˊʶˋʹΥ 
ɾʽʰ ʶˎˊʷʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄ʹ ˃ʷʻˇʵˇˌ ʴʽʰ ˃ʶʾ˖ˋʹ ʻˇˊˏʲˇˎ ˁʰʽ ʶ˄ʾˋ˔ˎˋʹ ˇ˃ʽ˂ʾʰˌ 
ˋˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ʺ˔ˇˎΦ ʅˍˇ˔ʶˏʶʽ ˋˍʹ˄ ʰ˒ʰʾˊʶˋʹ ˍˇˎ ˎˉˇˁʶʾ˃ʶ˄ˇˎ ʻˇˊˏʲˇˎ ʴʽʰ ˍʹ 
ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ˉˇʽˈˍʹˍʰˌ ˁʰʽ ʰ˄ʰʴ˄˖ˋʽ˃ˈˍʹˍʰˌ ʶ˄ˈˌ ˋʺ˃ʰˍˇˌ ˇ˃ʽ˂ʾʰˌΦ ɶ ˍʶ˔˄ʽˁʺ ʰˎˍʺ 
ʲʰˋʾʸʶˍʰʽ ˋˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ˒ʱˋ˃ʰˍˇˌ ʻˇˊˏʲˇˎ ˁʰʽ ˋˍʹ˄ ʰ˒ʰʾˊʶˋʹ ʰˎˍˇˏ ʰˉˈ ˍˇ 
˒ʱˋ˃ʰ ˍˇˎ ˉʰˊʰˍʹˊˇˏ˃ʶ˄ˇˌ ˋʺ˃ʰˍˇˌΦ 

o ɮ˄ʾ˔˄ʶˎˋʹ ɲˊʰˋˍʹˊʽˈˍʹˍʰˌ ʃʹʴʺˌ όSource Activity Detection): 
ʅʶ ˁʱˉˇʽʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˇʽ ˉʹʴʷˌ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ˂ʶʽˍˇˎˊʴʽˁʷˌ ˃ˈ˄ˇ ʴʽʰ ʷ˄ʰ 
ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰΦ ɶ ʰ˄ʰʴ˄˗ˊʽˋʹ ˁʰʽΣ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ˇ ʵʽʰ˔˖ˊʽˋ˃ˈˌ 
ʰˎˍ˗˄ ˍ˖˄ ˉʶˊʽˇ˔˗˄ ʶʾ˄ʰʽ ˁʰʾˊʽʰˌ ˋʹ˃ʰˋʾʰˌ ʴʽʰ ʰˁˊʽʲʺ BSS. 

ɱʶ˄ʽˁʱ ʰ˄ʱ˂ˇʴʰ ˍʹ˄ ʶˁʱˋˍˇˍʶ ʶ˒ʰˊ˃ˇʴʺ ˁʰʽ ˍˇ˄ ʰ˂ʴˈˊʽʻ˃ˇ ˎ˂ˇˉˇʾʹˋʹˌ ˍʰ ʲʺ˃ʰˍʰ 
ˉˊˇʶˉʶ˅ʶˊʴʰˋʾʰˌ ʶ˄ˈˌ ˋʺ˃ʰˍˇˌ ˃ˉˇˊʶʾ ˄ʰ ʵʽʰ˒ʷˊˇˎ˄Φ ɮˎˍˈ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍʰ 
˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ ˋʹ˃ʱˍ˖˄Σ ˍʹ˄ ˒ˏˋʹ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ʰ˄ʱ˃ʶʽ˅ʹˌ ˁʰʽ ˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ 
ʰ˂ʴˈˊʽʻ˃ˇ BSS. ɳˉʽˉ˂ʷˇ˄Σ ˁʱˉˇʽˇʽ ʰ˂ʴˈˊʽʻ˃ˇʽ ʶ˄ˋ˖˃ʰˍ˗˄ˇˎ˄ ˁʱˉˇʽʶˌ ʰˉˈ ʰˎˍʷˌ ˍʽˌ 
ʵʽʶˊʴʰˋʾʶˌ ˁʰʻʽˋˍ˗˄ˍʰˌ ˍʹ˄ ˈ˂ʹ ʵʽʰʵʽˁʰˋʾʰ ˍˇˎ ʵʽʰ˔˖ˊʽˋ˃ˇˏ ˉʽˇ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺΦ 

1.2 Blind Source Separation 

ʆˇ ζ˒ʰʽ˄ˈ˃ʶ˄ˇ ˁˇˁˍʷʽ˂ ˉʱˊˍʽη όCocktail Party Effect)[1] ʶʾ˄ʰʽ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ˍˇˎ ʶʴˁʶ˒ʱ˂ˇˎ 
˄ʰ ʶˋˍʽʱʸʶʽ ˍʹ˄ ʰˁˇˎˋˍʽˁʺ ˍˇˎ ˉˊˇˋˇ˔ʺ ˋʶ ʷ˄ʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ʶˊʷʻʽˋ˃ʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ όˉ˔Φ 
ʷ˄ʰ˄ ˇ˃ʽ˂ʹˍʺύ ˋʶ ʷ˄ʰ ʻˇˊˎʲ˗ʵʶˌ ˉʶˊʽʲʱ˂˂ˇ˄Φ ʅʶ ʷ˄ʰ ˁˇˁˍʷʽ˂ ˉʱˊˍʽ ʻʰ ˎˉʱˊ˔ˇˎ˄ ˉˇ˂˂ʰˉ˂ˇʾ 
ˇ˃ʽ˂ʹˍʷˌ ˁʰʽ ʴʶ˄ʽˁʱ ʻˇˊˎʲ˗ʵʶˌ ˉʶˊʽʲʱ˂˂ˇ˄Σ ˈ˃˖ˌ ʷ˄ʰˌ ʰˁˊˇʰˍʺˌ ʷ˔ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ 
ʵʽʰ˔˖ˊʾˋʶʽ ˍʹ ˒˖˄ʺ ʶ˄ˈˌ ˁʰʽ ˃ˈ˄ˇ ˇ˃ʽ˂ʹˍʺΦ 

ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˇ ζʰˁˊˇʰˍʺˌη ʶʾ˄ʰʽ ʷ˄ʰ ˎˉˇ˂ˇʴʽˋˍʽˁˈ ˋˏˋˍʹ˃ʰ ʹ ʶˉʾ˂ˎˋʹ ˍˇˎ 
ˉˊˇʲ˂ʺ˃ʰˍˇˌ ʴʾ˄ʶˍʰʽ ˉʽˇ ˉʶˊʾˉ˂ˇˁʹΦ ʅʶ ʷ˄ʰ ˃ʹ ʽʵʰ˄ʽˁˈ ʵ˖˃ʱˍʽˇΣ ˉʷˊʰ ʰˉˈ ˍʽˌ ʵʽʱ˒ˇˊʶˌ 
ˉʹʴʷˌ ʺ˔ˇˎ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˎˉʱˊ˔ˇˎ˄ ˋˍˇ ˔˗ˊˇΣ ˃ʶʴʱ˂ˇ ˊˈ˂ˇ ˉʰʾʸʶʽ ˁʰʽ ʹ ʰˁˇˎˋˍʽˁʺ ˍˇˎ ʾʵʽˇˎ 
ˍˇˎ ʵ˖˃ʰˍʾˇˎΦ ʅʶ ʷ˄ʰ˄ ʰ˂ʴˈˊʽʻ˃ˇ ʰˉˇˋˏ˄ʻʶˋʹˌ ˍˇˎ ʰ˄ʰ˃ʶʽʴ˃ʷ˄ˇˎ ˋʺ˃ʰˍˇˌ ʻʰ ˉˊʷˉʶʽ ˄ʰ 
˂ʹ˒ʻˇˏ˄ ˎˉˈ˕ʹ ˍʰ ʵʽʱ˒ˇˊʰ ˋʺ˃ʰˍʰΣ ʻˈˊˎʲˇʽΣ ʰ˂˂ʱ ʰˁˈ˃ʹ ˁʰʽ ˁʱˉˇʽʰ ʹ˔˗ ˍ˖˄ ʾʵʽ˖˄ 
ˋʹ˃ʱˍ˖˄Φ 
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ʆˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ʰˎˍˈ ˉʰˊˇˎˋʽʱʸʶʽ ʷ˄ʰ ʽʵʽʰʾˍʶˊʰ ʵˏˋˁˇ˂ˇ ˉˊˈʲ˂ʹ˃ʰ ˋˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ 
ˋʹ˃ʱˍ˖˄ ˁʰʽ ˋˍʹ˄ ʰ˄ʱ˂ˎˋʹ ʺ˔ˇˎΦ ɴ˔ˇˎ˄ ʰ˄ʰˉˍˎ˔ʻʶʾ ʵʽʱ˒ˇˊʶˌ ˍʶ˔˄ʽˁʷˌ ˉˇˎ ˋˍˇ˔ʶˏˇˎ˄ ˋˍˇ˄ 
ʰˎˍˈ˃ʰˍˇ ʵʽʰ˔˖ˊʽˋ˃ˈ ˁʰʽ ʶˉʽ˂ˇʴʺ ˍˇˎ ʸʹˍˇˏ˃ʶ˄ˇˎ ʺ˔ˇˎ ʰˉˈ ˃ʾʰ ˃ʾ˅ʹ ʵʽʰ˒ˈˊ˖˄ ʹ˔ʹˍʽˁ˗˄ 
ˉʹʴ˗˄Φ 

 

ɳʽˁˈ˄ʰ 1 ɮˉʶʽˁˈ˄ʽˋʹ ɮ˄ʱ˃ʶʽ˅ʹˌ ɲʶʵˇ˃ʷ˄˖˄ ʁ˃ʽ˂ʾʰˌ [2] 

ɾʽʰ ˂ˏˋʹ ʴʽʰ ˍˇ ˉˊˈʲ˂ʹ˃ʰ ˉˇˎ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍˇ Cocktail Party Effect ˇ˄ˇ˃ʱʸʶˍʰʽ  ζBlind 
Source Separation» (BSS). ɴ˄ʰ ʰˉ˂ˈ ˉʰˊʱʵʶʽʴ˃ʰ ʶ˒ʰˊ˃ˇʴʺˌ ˍˇˎ BSS ʁ ʾ˄ʰʽ ˇ ʵʽʰ˔˖ˊʽˋ˃ˈˌ ʵˏˇ 
ˇ˃ʽ˂ʹˍ˗˄ ʰˉˈ ʷ˄ʰ ʹ˔ʹˍʽˁˈ ˋʺ˃ʰ ˃ʽˁˊˇ˒˗˄ˇˎΣ ˔˖ˊʾˌ ˄ʰ ʻʶ˖ˊʶʾˍʰʽ ʴ˄˖ˋˍʺ ʹ ʻʷˋʹ ʰˎˍ˗˄ ʺ 
ˍ˖˄ ˃ʽˁˊˇ˒˗˄˖˄Φ ʆˇ ˉˊˈʲ˂ʹ˃ʰ ˉʰˊˇˎˋʽʱˋˍʹˁʶ ʴʽʰ ˉˊ˗ˍʹ ˒ˇˊʱ ˍˇ мфусΣ ˈˍʰ˄ ˇʽ Herault ˁ ʰʽ 
Jutten ˉʰˊˇˎˋʾʰˋʰ˄ ˍˇ˄ H-J ʰ˂ʴˈˊʽʻ˃ˇΦ ʁ H-J ʰ˂ʴˈˊʽʻ˃ˇˌ ˋ˔ʶʵʽʱˋˍʹˁʶ ʴʽʰ ˍˇ ʵʽʰ˔˖ˊʽˋ˃ˈ 
ʵˏˇ ʰ˄ʰ˃ʶʽʴ˃ʷ˄˖˄ ˋʹ˃ʱˍ˖˄ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ˉʹʴ˗˄[4]. 

ɱʽʰ ˍʹ ˂ˏˋʹ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ζBlind Source Separation» ʷ˔ˇˎ˄ ʰ˄ʰˉˍˎ˔ʻʶʾ ʵʽʱ˒ˇˊʶˌ 
ˍʶ˔˄ʽˁʷˌ Σ ˃ʾʰ ˉ˂ʶʽˇ˕ʹ˒ʾʰ ˖˄ ˇˉˇʾ˖˄ ʶʾ˄ʰʽ ˃ʷʻˇʵˇʽ ˃ʹ˔ʰ˄ʽˁʺˌ ˃ʱʻʹˋʹˌΣ ˔˖ˊʾˌ ʶˉʾʲ˂ʶ˕ʹΣ 
ˉˇˎ ʲʰˋʾʸˇ˄ˍʰʽ ˋʶ ˁʱˉˇʽʶˌ ˉˊˇʹʴˇˏ˃ʶ˄ʶˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ όa prioriύ ʺ ˋʶ ˃ʽʰ ʻʶ˖ˊʹˍʽˁʱ 
ˁʰˍʰˋˁʶˎʰˋ˃ʷ˄ʹ ʰ˄ˍʽˁʶʽ˃ʶ˄ʽˁʺ ˋˎ˄ʱˊˍʹˋʹΦ ɼʱˉˇʽʶˌ ʰˉˈ ʰˎˍʷˌ ʶʾ˄ʰʽ ˇ ̔ «Independent 
Component Analysis» (ICA), «Non-Negative Matrix Factorization» (NMF), «Independent 
Vector Analysis» (IVA). ʆ  hˍʶ˂ʶˎˍʰʾʰ ˔ˊˈ˄ʽʰ ʷ˔ˇˎ˄ ʰ˄ʰˉˍˎ˔ʻʶʾ ʽʵʽʰʾˍʶˊʰ ˇ ̔ˍʶ˔˄ʽˁʷˌ ʲʰʻʽʱˌ 
˃ʱʻʹˋʹˌ (Deep Learning) ʴʽʰ ˍʹ˄ ʶˉʾ˂ˎˋʹ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ BSS, ˁʱ˄ˇ˄ˍʰˌ ˔ˊʺˋʹ ɰʰʻʽ˗˄ 
ɿʶˎˊ˖˄ʽˁ˗˄ ɲʽˁˍˏ˖˄ ˈˉ˖ˌ ˍ h «Convolutional Neural Networks» (CNNs) ˁʰʽ «Recurrent 
Neural Networks» (RNNs). 

ʃʰˊʱ ˍʽˌ ʶ˅ʶ˂ʾ˅ʶʽˌ ˋˍˇ˄ ˍˇ˃ʷʰ ˍˇ ˉˊˈʲ˂ʹ˃ʰ ζBlind Source Separationη ˋˎ˄ʶ˔ʾʸʶʽ ˄ʰ ʰˉˇˍʶ˂ʶʾ 
ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ʷˊʶˎ˄ʰˌ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ˄ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰ ʵʽʱ˒ˇˊ˖˄ ˍʶ˔˄ʽˁ˗˄ ˍˇˎ ˁʰʽ ˍʹ˄ 
ʶˉʾ˂ˎˋʹ ˉʽˇ ˉʶˊʾˉ˂ˇˁ˖˄ ˋʶ˄ʰˊʾ˖˄Φ 

1.2.1 ɾʹ˔ʰ˄ʽˁʺ ɾʱʻʹˋʹ 

ɾʹ˔ʰ˄ʽˁʺ ˃ʱʻʹˋʹ ʶʾ˄ʰʽ ʷ˄ʰˌ ʶ˅ʶ˂ʽˋˋˈ˃ʶ˄ˇˌ ˁʱʵˇˌ ˎˉˇ˂ˇʴʽˋˍʽˁ˗˄ ʰ˂ʴˇˊʾʻ˃˖˄ ˇʽ ˇˉˇʾˇʽ 
ʷ˔ˇˎ˄ ˋ˔ʶʵʽʰˋˍʶʾ ʴʽʰ ˄ʰ ˃ʽ˃ˇˏ˄ˍʰʽ ˍʹ˄ ʰ˄ʻˊ˗ˉʽ˄ʹ ˄ˇʹ˃ˇˋˏ˄ʹ ˃ʰʻʰʾ˄ˇ˄ˍʰˌ ʰˉˈ ˍˇ 
ˉʶˊʽʲʱ˂˂ˇ˄ ˍˇˎΦ ʆʶ˔˄ʽˁʷˌ ˉˇˎ ʲʰˋʾʸˇ˄ˍʰʽ ˋˍʹ ˃ʹ˔ʰ˄ʽˁʺ ˃ʱʻʹˋʹ ʷ˔ˇˎ˄ ʲˊʶʽ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ 
ʶ˒ʰˊ˃ˇʴʺˌ ˋʶ ʵʽʱ˒ˇˊˇˎˌ ˍˇ˃ʶʾˌ ˈˉ˖ˌ ʹ ʰ˄ʰʴ˄˗ˊʽˋʹ ˉˊˇˍˏˉ˖˄Σ ʹ ˈˊʰˋʹ ˎˉˇ˂ˇʴʽˋˍ˗Σ ˍʰ 
˔ˊʹ˃ʰˍˇˇʽˁˇ˄ˇ˃ʽˁʱΣ ˇ ˋ˔ʶʵʽʰˋ˃ˈˌ ʰʶˊˇˋˁʰ˒˗˄ ˁʰʽ ʵʽʰ˒ˈˊ˖˄ ʱ˂˂˖˄ ˉʶʵʾ˖˄ ʷ˖ˌ ˁʰʽ ʹ 
ʲʽˇˍʶ˔˄ˇ˂ˇʴʾʰ ʴʽʰ ʽʰˍˊʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌΦ 

ɶ  ˃ʹ˔ʰ˄ʽˁʺ ˃ʱʻʹˋʹ ˋˍˇ˔ʶˏʶʽ ˋˍˇ ˄ʰ ʶˉʽˍˊʷ˕ʶʽ ˋˍˇˎˌ ˎˉˇ˂ˇʴʽˋˍʷˌ ˄ʰ ʲʶ˂ˍʽ˗ˋˇˎ˄ ˍʹ˄ 
ʰˉˈʵˇˋʺ ˍˇˎˌ ˋʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ʶˊʴʰˋʾʶˌ ˃ʰʻʰʾ˄ˇ˄ˍʰˌ ʰˉˈ ˉˊˇʹʴˇˏ˃ʶ˄ʶˌ ʶ˃ˉʶʽˊʾʶˌ ʺ 
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ʵʶʵˇ˃ʷ˄ʰΦ ʁʽ ˍʶ˔˄ʽˁʷˌ ˃ʹ˔ʰ˄ʽˁʺˌ ˃ʱʻʹˋʹˌ ˃ˉˇˊˇˏ˄ ˄ʰ ʵʽʰ˔˖ˊʽˋˍˇˏ˄ ˋʶ ˉˇ˂˂ˇˏˌ ˍˏˉˇˎˌ 
ʰ˂˂ʱ ʶˎˊʷ˖ˌ ˃ˉˇˊˇˏ˄ ˄ʰ ʵʽʰ˔˖ˊʽˋˍˇˏ˄Σ ˃ʶ ʲʱˋʹ ˍˇ˄ ˍˊˈˉˇ ˉˇˎ ʹ ˁʱʻʶ ˍʶ˔˄ʽˁʺ ˃ʹ˔ʰ˄ʽˁʺˌ 
˃ʱʻʹˋʹˌ ˃ʰʻʰʾ˄ʶʽΣ ˋʶ ɾʱʻʹˋʹ ˃ʶ ɳˉʾʲ˂ʶ˕ʹ όSupervised Learningύ ˁʰʽ ɾʱʻʹˋʹ ʋ˖ˊʾˌ 
ɳˉʾʲ˂ʶ˕ʹ (Unsupervised Learning). 

o ɾʱʻʹˋʹ ˃  ʁɳˉʾʲ˂ʶ˕ʹ (Supervised Learning): 
ʅʶ ʰˎˍʺ ˍʹ˄ ˉˊˇˋʷʴʴʽˋʹ ˇ ʰ˂ʴˈˊʽʻ˃ˇˌ ʶˁˉʰʽʵʶˏʶˍʰʽ ˋʶ ʴ˄˖ˋˍʱ ʵʶʵˇ˃ʷ˄ʰ ʴʽʰ ˍʰ 
ˇˉˇʾʰ ˉʰˊʷ˔ʶˍʰʽ ʹ ˋ˖ˋˍʺ ʷ˅ˇʵˇˌΦ ʁ ʰ˂ʴˈˊʽʻ˃ˇˌ ˃ʰʻʰʾ˄ʶʽ ˄ʰ ʰ˄ˍʽˋˍˇʽ˔ʾʸʶʽ ˍʽˌ 
ʶʽˋˈʵˇˎˌ ˋˍʽˌ ˋ˖ˋˍʷˌ ʶ˅ˈʵˇˎˌΦ 
 

o ɾʱʻʹˋʹ ʋ˖ˊʾˌ ɳˉʾʲ˂ʶ˕ʹ (Unsupervised Learning): 
ʅˍʹ ˃ʱʻʹˋʹ ˔˖ˊʾˌ ʶˉʾʲ˂ʶ˕ʹΣ ʰ˄ˍʽʻʷˍ˖ˌ ˃ʶ ˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ˁʰˍʹʴˇˊʾʰΣ ˍʰ 
ʵʶʵˇ˃ʷ˄ʰ ʵʶ˄ ʶʾ˄ʰʽ ʶˉʽˋʹ˃ʰˋ˃ʷ˄ʰ ˁʰʽ ˇ ʰ˂ʴˈˊʽʻ˃ˇˌ ˉˊˇˋˉʰʻʶʾ ˄ʰ ʲˊʶʽ ˃ˇˍʾʲʰ ˁʰʽ 
ʵˇ˃ʷˌ ˃ʷˋʰ ˋˍʰ ʵʶʵˇ˃ʷ˄ʰΣ ˔˖ˊʾˌ ˁʰʻˇʵʺʴʹˋʹΦ 

ɶ ˃ʹ˔ʰ˄ʽˁʺ ˃ʱʻʹˋʹ ˃ˉˇˊʶʾ ˄ʰ ʶ˒ʰˊ˃ˇˋˍʶʾ ˋˍʰ ˉ˂ʰʾˋʽʰ ˍˇˎ BSS ʴʽʰ ˄ʰ ʲʶ˂ˍʽ˗ˋʶʽ ˍʹ˄ 
ʽˁʰ˄ˈˍʹˍʰ ˉʰˊʰʵˇˋʽʰˁ˗˄ ʰ˂ʴˇˊʾʻ˃˖˄ ʵʽʰ˔˖ˊʽˋ˃ˇˏ ˁʰʽ ˄ʰ ʵ˗ˋʶʽ ˂ˏˋʹ ˋʶ ˉʽˇ ˉʶˊʾˉ˂ˇˁʰ 
ˋʶ˄ʱˊʽʰ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌΦ 

1.2.2 Independent Component Analysis (ICA) 

ɾʽʰ ˃ʷʻˇʵˇˌ ˁʰʾˊʽʰˌ ˋʹ˃ʰˋʾʰˌ ʴʽʰ ˍʹ˄ ʶˉʾ˂ˎˋʹ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ «Blind Source Separation» 
ʶʾ˄ʰʽ  ́«Independent Component Analysis», ̋  ζɮ˄ʱ˂ˎˋʹ ɮ˄ʶ˅ʱˊˍʹˍ˖˄ ʅˎ˄ʽˋˍ˖ˋ˗˄η. H ICA, 
ʾˋ˖ˌ ʹ ˉʽˇ ʶˎˊʷʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄ʹ ˃ʷʻˇʵˇˌ ʴʽʰ ˉˊˇʲ˂ʺ˃ʰˍʰ BSS, ʁ ʾ˄ʰʽ ˃ʾʰ ˋˍʰˍʽˋˍʽˁʺ ˁʰʽ 
ˎˉˇ˂ˇʴʽˋˍʽˁʺ ˃ʷʻˇʵˇˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˄ʰ ʵʽʰ˔˖ˊʾˋʶʽ ʷ˄ʰ ˋʶˍ ʰ˄ʰ˃ʶʽʴ˃ʷ˄˖˄ 
ˋʹ˃ʱˍ˖˄ ˋʶ ˋˍʰˍʽˋˍʽˁʱ ʰ˄ʶ˅ʱˊˍʹˍʰ ˃ ʷ˂ʹΦ ʁ ˋˍˈ˔ˇˌ ˍʹˌ ICA ʁ ʾ˄ʰʽ ˄ʰ ʲˊʶʻˇˏ˄ ˇʽ ʰˊ˔ʽˁʷˌ ˉʹʴʷˌ 
ˉˇˎ ˋˎ˃ʲʱ˂˂ˇˎ˄ ˋˍʰ ˉʰˊʰˍʹˊʹ˃ʷ˄ʰ ʵʶʵˇ˃ʷ˄ʰΣ ˎˉˇʻʷˍˇ˄ˍʰˌ ˈˍʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʶʾ˄ʰʽ 
ʴˊʰ˃˃ʽˁˈˌ ˋˎ˄ʵˎʰˋ˃ˈˌ ʰˎˍ˗˄ ˍ˖˄ ˉʹʴ˗˄Φ 

ɰʰˋʽˁʺ ˉˊˇːˉˈʻʶˋʹ ɹ ʽʰ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ ICA ʁ ʾ˄ʰʽ ˈˍʽ ˇʽ ˉʹʴʷˌ ʶʾ˄ʰʽ ˋˍʰˍʽˋˍʽˁʱ ʰ˄ʶ˅ʱˊˍʹˍʶˌ 
ʹ ˃ʾʰ ʰˉˈ ˍʹ˄ ʱ˂˂ʹΦ ɶ ˍʶ˔˄ʽˁʺ ʰˎˍʺ ˂ʶʽˍˇˎˊʴʶʾ ʲˊʾˋˁˇ˄ˍʰˌ ʷ˄ʰ ˋʶˍ ˋˎ˄ˍʶ˂ʶˋˍ˗˄ ʰ˄ʱ˃ʶʽ˅ʹˌ 
ˁʰʽ ˍʽˌ ʰˊ˔ʽˁʷˌ ˉʹʴʷˌΣ ʷˍˋʽ ˗ˋˍʶ ˃ˈ˂ʽˌ ˍʰ ʰ˄ʰ˃ʶʽʴ˃ʷ˄ʰ ˋʺ˃ʰˍʰ ˋˎ˄ʵˎʱʸˇ˄ˍʰʽ ʴˊʰ˃˃ʽˁʱ 
˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʰˎˍˇˏˌ ˍˇˎˌ ˋˎ˄ˍʶ˂ʶˋˍʷˌΣ ˄ʰ ʰ˄ʰˉʰˊʱʴˇˎ˄ ˁʰˍʱ ˉˊˇˋʷʴʴʽˋʹ ˍʰ 
ˉʰˊʰˍʹˊˇˏ˃ʶ˄ʰ ʵʶʵˇ˃ʷ˄ʰΦ ɮˎˍˈ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˃ʶʴʽˋˍˇˉˇʽ˗˄ˍʰˌ ˍʹ ˋˍʰˍʽˋˍʽˁʺ ʰ˄ʶ˅ʰˊˍʹˋʾʰ 
ˍ˖˄ ʶˁˍʽ˃˗˃ʶ˄˖˄ ˉʹʴ˗˄Φ 

1.2.2.1 ɰʰˋʽˁˈ ˃ˇ˄ˍʷ˂ˇ ICA 

ɶ ICA ˃ ˉˇˊʶʾ ˄  ȟ ˊʽˋˍʶʾ ˃ ʶ ˍʹ ʲˇʺʻʶʽʰ ʶ˄ˈˌ ˋˍʰˍʽˋˍʽˁˇˏ ˃ˇ˄ˍʷ˂ˇˎ ˂ʰ˄ʻʰ˄ˇˎˋ˗˄ ˃ʶˍʰʲ˂ʹˍ˗˄ 
[3]. ʃʰˊʰˍʹˊˇˏ˄ˍʰʽ ὲ n ˍˎ˔ʰʾʶˌ ˃ʶˍʰʲ˂ʹˍʷˌ ὼȟȣȟὼ , ˇʽ ˇˉˇʾʶˌ ˃ˇ˄ˍʶ˂ˇˉˇʽˇˏ˄ˍʰʽ ˖ˌ 
ʴˊʰ˃˃ʽˁˇʾ ˋˎ˄ʵˎʰˋ˃ˇʾ ὲ ̱ ˎ˔ʰʾ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ίȟȣȟί: 

ὼ  ὥί   ὥί Ễ   ὥ ίȟ‎―‌ ‖ʗ—‐ Ὥ ρȟȣȟὲ ρ 

ʂˉˇˎ ὥȟὭȟὮ ρȟȣȟὲ ʁ ʾ˄ʰʽ ˁʱˉˇʽˇʽ ˉˊʰʴ˃ʰˍʽˁˇʾ ˋˎ˄ˍʶ˂ʶˋˍʷˌΦ ɳ˅ ˇˊʽˋ˃ˇˏΣ ˇʽ ί ʁ ʾ˄ʰʽ 

ˋˍʰˍʽˋˍʽˁʱ ʰ˄ʶ˅ʱˊˍʹˍʶˌ ˃ ʶˍʰ˅ˏ ˍˇˎˌ. 

ʆˇ ˃ˇ˄ˍʷ˂ˇ ICA ʶʾ˄ʰʽ ˉʰˊʰʴ˖ʴʽˁˈ ˃ˇ˄ˍʷ˂ˇΣ ʵʹ˂ʰʵʺ ʶʾ˄ʰʽ ʷ˄ʰ ˃ˇ˄ˍʷ˂ˇ ˉˇˎ ˉʶˊʽʴˊʱ˒ʶʽ ˍˇ˄ 
ˍˊˈˉˇ ˃ʶ ˍˇ˄ ˇˉˇʾˇ ˍʰ ˉʰˊʰˍʹˊˇˏ˃ʶ˄ʰ ʵʶʵˇ˃ʷ˄ʰ ˉʰˊʱʴˇ˄ˍʰʽ ʰˉˈ ˃ʾʰ ʵʽʰʵʽˁʰˋʾʰ ʰ˄ʱ˃ʶʽ˅ʹˌ 
ˍ˖˄ ˋˎ˄ʽˋˍ˖ˋ˗˄ ί. ʁʽ ˋˎ˄ʽˋˍ˗ˋʶˌ ί ʁ ʾ˄ʰʽ ˂ʰ˄ʻʱ˄ˇˎˋʶˌ ˃ʶˍʰʲ˂ʹˍʷˌΣ ʵʹ˂ʰʵʺ ʵʶ˄ ˃ˉˇˊˇˏ˄ 

˄ʰ ˉʰˊʰˍʹˊʹʻˇˏ˄ ʱ˃ʶˋʰΦ ʁʽ ˋˎ˄ˍʶ˂ʶˋˍʷˌ ʰ˄ʱ˃ʶ̔˅ʹˌ ὥ  ̒ ʶ˖ˊˇˏ˄ˍʰʽ ʶˉʾˋʹˌ ʱʴ˄˖ˋˍˇʽΦ ʆˇ 

˃ˈ˄ˇ ˉˇˎ ˉʰˊʰˍʹˊʶʾˍʰʽ ʶʾ˄ʰʽ ˇʽ ˍˎ˔ʰʾʶˌ ˃ʶˍʰʲ˂ʹˍʷˌ ὼ ˁ ʰʽ ˉˊʷˉʶʽ ˄ʰ ʶˁˍʽ˃ʹʻˇˏ˄ ˍˈˋˇ ˇʽ 
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ˋˎ˄ˍʶ˂ʶˋˍʷˌ ʰ˄ʱ˃ʶʽ˅ʹˌ ὥ  ̍ ˋˇ ˁʰʽ ˍʽˌ ˋˎ˄ʽˋˍ˗ˋʶˌ ίὮΣ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʽˌ ὼ. ɮˎˍˈ ʴʾ˄ʶˍʰʽ 

˃ʶ ˈˋˇ ˍˇ ʵˎ˄ʰˍˈ˄ ˉʽˇ ʴʶ˄ʽˁʷˌ ˎˉˇʻʷˋʶʽˌΦ 

ʅˎ˄ʺʻ˖ˌ ˉʽˇ ʲˇ˂ʽˁˈ ʶʾ˄ʰʽ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʵʽʰ˄ˎˋ˃ʰˍʽˁˇʾ ˉʾ˄ʰˁʶˌ ʰ˄ˍʾ ʴʽʰ ˍʰ 
ʰʻˊˇʾˋ˃ʰˍʰ ˈˉ˖ˌ ˋˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ʶ˅ʾˋ˖ˋʹ όмύΦ ɴˋˍ˖ ὼ  ˍˇ ˍˎ˔ʰʾˇ ʵʽʱ˄ˎˋ˃ʰ ˃ʶ ˋˍˇʽ˔ʶʾʰ 
ˍʽˌ ˃ʶʾ˅ʶʽˌ ὼȟȣȟὼ  ˁ ʰʽ ˉʰˊˇ˃ˇʾ˖ˌΣ ʷˋˍ˖ ί ̱ ˇ ˍˎ˔ʰʾˇ ʵʽʱ˄ˎˋ˃ʰ ˃ʶ ˋˍˇʽ˔ʶʾʰ ˍʽˌ ˍˎ˔ʰʾʶˌ 

˃ʶˍʰʲ˂ʹˍʷˌ ίȟȣȟίΦ ʆˈˍʶ ═ ʁ ʾ˄ʰʽ ˇ ˉʾ˄ʰˁʰˌ ˃ʶ ˋˍˇʽ˔ʶʾʰ ὥὭὮ. ʂ˂ʰ ˍʰ ʵʽʰ˄ˏˋ˃ʰˍʰ ʶʾ˄ʰʽ 

ʵʽʰ˄ˏˋ˃ʰˍʰ ˋˍʺ˂ʹˌ όcolumn vectorsύΦ ʋˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʰˎˍˇˏˌ ˍˇˎˌ ˇˊʽˋ˃ˇˏˌ ˃ˉˇˊʶʾ ˄ʰ 
ʴˊʰ˒ʶʾ ʹ ˋˎ˄ʱˊˍʹˋʹ όмύ ˖ˌ ʶ˅ʺˌΥ 

ὼ ═ ί  ὥίȟ Ὥ ρȟςȟȣὲ ς  

ɱʽʰ ˄ʰ ʲʶʲʰʽ˖ʻˇˏ˃ʶ ˉ˖ˌ ˃ˉˇˊʶʾ ˄ʰ ˂ʶʽˍˇˎˊʴʺˋʶʽ ʹ ˃ʷʻˇʵˇˌ ICA ˔ˊʶʽʱʸʶˍʰʽ ˃ʾʰ ˋʶʽˊʱ 
ˉˊˇːˉˇʻʷˋʶ˖˄Φ ɳʱ˄ ˁʰ˂ˏˉˍˇ˄ˍʰʽ ʰˎˍʷˌ Σʺ ʷˋˍ˖ ˇʽ ʵˏˇ ˉˊ˗ˍʶˌ ʰˉˈ ˍʽˌ ˍˊʶʾˌ ˋˎ˄ˇ˂ʽˁʱΣ ˍˇ 
˃ˇ˄ˍʷ˂ˇ ICA  

ɶ ʲʰˋʽˁʺ ʰˊ˔ʺ ˂ʶʽˍˇˎˊʴʾʰˌ ˍʹˌ ˃ʶʻˈʵˇˎ ICA ʁ ʾ˄ʰʽ ʹ ˋˍʰˍʽˋˍʽˁʺ ʰ˄ʶ˅ʰˊˍʹˋʾʰΦ ʁʽ ʰ˄ʶ˅ʱˊˍʹˍʶˌ 
˃ʶˍʰʲ˂ʹˍʷˌ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ˋˍʰˍʽˋˍʽˁʱ ʰ˄ʶ˅ʱˊˍʹˍʶˌ. ɮˎˍʺ ʶʾ˄ʰʽ ˁʰʽ ʹ ˃ʾʰ ʰˉˈ ˂ʾʴʶˌ 
ˉˊˇːˉˇʻʷˋʶʽˌ ɹ ʽʰ ˄ʰ ˃ˉˇˊʶʾ ˄ʰ ˎˉʱˊ˅ʶʽ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˃ʶˍʰʲ˂ʹˍ˗˄Σ ʴʶʴˇ˄ˈˌ ˉˇˎ ʰ˄ʰʵʶʽˁ˄ˏʶʽ 
ˍʹ˄ ICA ̟ ˌ ˃ʽˌ ʽˋ˔ˎˊʺ ˃ʷʻˇʵˇ ˃ ʶ ʶ˒ʰˊ˃ˇʴʷˌ ˋʶ ʵʽʱ˒ˇˊʰ ˉʶʵʾʰΦ  

ʁʽ ʰ˄ʶ˅ʱˊˍʹˍʶˌ ˃ʶˍʰʲ˂ʹˍʷˌ ʵʶ˄ ˉˊʷˉʶʽ ˄ʰ ʷ˔ˇˎ˄ ɱˁʰˇˎˋʽʰ˄ʷˌ ˁʰˍʰ˄ˇ˃ʷˌΣ ˁʰʻ˗ˌ ʹ ˃ʷʻˇʵˇˌ 
ˋʶ ʰˎˍʺ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʷ˔ʶʽ ʷ˂˂ʶʽ˕ʹ ̀ ˍˇʽ˔ʶʾ˖˄ ό˃ʹʵʶ˄ʾʸˇ˄ˍʰʽύ ˉˇˎ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʰ ʴʽʰ ˍʹ˄ 
ʶˁˍʾ˃ʹˋʹ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎΦ  

ʁ ʰˊʽʻ˃ˈˌ ˍ˖˄ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ʶʾ˄ʰʽ ʾʵʽˇˌ ˃ʶ ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ ʰ˄ʰ˃ʶʽʴ˃ʷ˄˖˄ 
ˋʹ˃ʱˍ˖˄Σ ʵʹ˂ʰʵʺ ˇ ʱʴ˄˖ˋˍˇˌ ˉʾ˄ʰˁʰˌ ˉˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˇˏ ʶʾ˄ʰʽ ˍʶˍ́h ʴ˖˄ʽˁˈˌ. ɶ 
ˉˊˇːˉˈʻʶˋʹ ʰˎˍʺ ʵʶ˄ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʹ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ˉʰˊʰ˂ʶʽ˒ʻʶʾ ʰ˂˂ɦ ʹ ʰˉˇˎˋʾʰ ˍʹˌ 
ˉʶˊʽˉ˂ʷˁʶʽ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎΦ ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍˇˎ ICA ʁ ʾ˄ʰʽ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʱ ˈˍʰ˄ 
ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ʶʽˋˈʵ˖˄ ʶʾ˄ʰʽ ʾˋˇˌ ʺ ˃ʶʴʰ˂ˏˍʶˊˇˌ ʰˉˈ ʰˎˍˈˌ ˍ˖˄ ʶ˅ˈʵ˖˄.  

1.2.2.2 ɰʰˋʽˁˇʾ ʰ˂ʴˈˊʽʻ˃ˇʽ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏ ICA 

ɱʽʰ ˄ʰ ʷ˔ˇˎ˃ʶ ˉʽˇ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈ ˁʰʽ ˊʶʰ˂ʽˋˍʽˁˈ ʵʽʰ˔˖ˊʽˋ˃ˈ ˍ˖˄ ˋʹ˃ʱˍ˖˄ ˉʹʴʺˌ ʰˉˈ ˍˇ 
˃ʶʽˁˍˈ ˋʺ˃ʰ, ˃ʶ ʵʶʵˇ˃ʷ˄ʰ ˃ˈ˄ˇ ʷ˄ʰ ʰ˄ʽ˔˄ʶˎˈ˃ʶ˄ˇ ˋʺ˃ʰ ὼ ˁ ʰʽ ˎˉˈ ˍʹ˄ ˉˊˇːˉˈʻʶˋʹ ˈˍʽ ˇ 
ˉʾ˄ʰˁʰˌ ═ ˁ ʰʽ ˍˇ ʰˊ˔ʽˁˈ ˋʺ˃ʰ ί ʁ ʾ˄ʰʽ ʱʴ˄˖ˋˍʰΣ ˔ˊʶʽʱʸʶˍʰʽ ʹ ˁʰˍʰˋˁʶˎʺ ʶ˄ˈˌ ˉʾ˄ʰˁʰ 
ʵʽʰ˔˖ˊʽˋ˃ˇˏ ╦  ύ  [2]. 

ɾʶˍʱ ˍˇ˄ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈ ╦ ˁ ʰʽ ὼΣ ʹ ʷ˅ˇʵˇˌ ʻʰ ʶʾ˄ʰʽ ʷ˄ʰ ʵʽʱ˄ˎˋ˃ʰ ὲ ɻ ʽʰˋˍʱˋʶ˖˄Σ ˍˇ ώ 
 ώȟώȟȣȟώὲΦ ʆˇ ˃ˇ˄ˍʷ˂ˇ ʰˉˇˋˏ˄ʻʶˋʹˌ ICA ʁ ʾ˄ʰʽ ˖ˌ ʶ˅ʺˌΥ 

ώ ╦ὼ ╦═ί ╖ί σ 

ʂˉˇˎ ╖ ʁ ʾ˄ʰʽ ˇ ˉʾ˄ʰˁʰˌ ˋˎˋˍʺ˃ʰˍˇˌΦ ɳʱ˄ ʽˋ˔ˏʶʽ ╖  ╘ , ˍˈˍʶ ˉˊˇˁˏˉˍʶʽ ώ  ί ˁ ʰʽ 
ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˇ ʵʽʰ˔˖ˊʽˋ˃ˈˌ. ʅˍʹ˄ ˉˊʰʴ˃ʰˍʽˁˈˍʹˍʰΣ ʶʱ˄ ʷ˄ʰ ˋˍˇʽ˔ʶʾˇ ˋʶ ˁʱʻʶ ˋˍʺ˂ʹ ˍˇˎ G 
ʶʾ˄ʰʽ ˁˇ˄ˍʱ ˋˍˇ мΣ ʶ˄˗ ˍʰ ʱ˂˂ʰ ˍʶʾ˄ˇˎ˄ ˋˍˇ лΣ ˇ ʵʽʰ˔˖ˊʽˋ˃ˈˌ ˃ˉˇˊʶʾ ˄ʰ ʻʶ˖ˊʹʻʶʾ ʶˉʽˍˎ˔ʺˌΦ  

ɱʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ ˃ʶʻˈʵˇˎ Independent Component Analysis ʷ˔ˇˎ˄ ʰ˄ʰˉˍˎ˔ʻʶʾ 
ˉˇ˂˂ʰˉ˂ˇʾ ʰ˂ʴˈˊʽʻ˃ˇʽΦ ɾʶˊʽˁˇʾ ʰˉˈ ʰˎˍˇˏˌ ʰ˄ʰʴˊʱ˒ˇ˄ˍʰʽ ˋˎ˄ˇˉˍʽˁʱ ˉʰˊʰˁʱˍ˖Υ 
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o Max-Kyrtosis ICA: 
ɳʾ˄ʰʽ ʷ˄ʰˌ ʰ˂ʴˈˊʽʻ˃ˇˌ ˁ˂ʾˋʹˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍʹ ˃ʶʴʽˋˍˇˉˇʾʹˋʹ ˍʹˌ ˁˏˊˍ˖ˋʹˌ ʴʽʰ 
ˍʹ˄ ʶˉʽ˂ˇʴʺ ˋˎ˄ʽˋˍ˖ˋ˗˄ ˉˇˎ ʷ˔ˇˎ˄ ˍʹ ˃ʽˁˊˈˍʶˊʹ ʵˎ˄ʰˍʺ ˁʰˍʰ˄ˇ˃ʺ ˍˏˉˇˎ Gauss. 
ɰʰˋʾʸʶˍʰʽ ˋˍˇ ˁʶ˄ˍˊʽˁˈ ˇˊʽʰˁˈ ʻʶ˗ˊʹ˃ʰ ˍʹˌ ˉʽʻʰ˄ˇʻʶ˖ˊʾʰˌ ʰˉˈ ˍˇ ˇˉˇʾˇ ˉˊˇˁˏˉˍʶʽ 
ʹ ˎˉˈʻʶˋʹ ˈˍʽ, ̌ ʽ ˉʹʴʷˌ ˃ʶ ˍʹ ˃ʶʴʰ˂ˏˍʶˊʹ ˁˏˊˍ˖ˋʹ ʶʾ˄ʰʽ ˇʽ ˉʽˇ ˃ʹ-ɱˁʰˇˎˋʽʰ˄ʷˌ ˁʰʽ 
ˁʰˍΩ ʶˉʷˁˍʰˋʹΣ ˇʽ ˉʽˇ ʶ˄ʵʽʰ˒ʷˊˇˎˋʶˌ ʺ ʴʶ˃ʱˍʶˌ ˉ˂ʹˊˇ˒ˇˊʾʰ ˋˎ˄ʽˋˍ˗ˋʶˌΦ [3] 
 
 

o Negentropy ICA: 
ɶ ʰˊ˄ʹˍʽˁʺ ʶ˄ˍˊˇˉʾʰ όNegentropyύ ʶʾ˄ʰʽ ʲʰˋʽˁʺ ʷ˄˄ˇʽʰ ˍʹˌ ɸʶ˖ˊʾʰˌ ˍʹˌ 
ʃ˂ʹˊˇ˒ˇˊʾʰˌ ˁʰʽ ʲʰˋʾʸʶˍʰʽ ˋˍʹ˄ ʷ˄˄ˇʽʰ ˍʹˌ ʵʽʰ˒ˇˊʽˁʺˌ ʶ˄ˍˊˇˉʾʰˌΦ ʃˊˇˁˏˉˍʶʽ ˈˍʽ ˇʽ 
ˉʽˇ ˃ʹ-ɱˁʰˇˎˋʽʰ˄ʺ ˃ʶˍʰʲ˂ʹˍʺ ʶʾ˄ʰʽ ʰˎˍʺ ˃ʶ ˍʹ ˃ʶʴʰ˂ˏˍʶˊʹ ʵʽʰ˒ˇˊʽˁʺ ʶ˄ˍˊˇˉʾʰ 
ʶˉˇ˃ʷ˄˖ˌΣ ˁʰʽ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʷ˄ʰˌ ʰ˂ʴˈˊʽʻ˃ˇˌ ICA ̄ ˇˎ ʲʰˋʾʸʶˍʰʽ ˋˍʹ ˃ʶʴʽˋˍˇˉˇʾʹˋʺ 
ˍʹˌΦ [3] 
 

o Fast ICA:  
ɴ˄ʰˌ ʴˊʺʴˇˊˇˌ ʰ˂ʴˈˊʽʻ˃ˇˌ, ˋˍʰʻʶˊʺˌ ˎˉˇʵʽʰˋˍˇ˂ʺˌΣ ˃ʶ ˔ˊʺˋʹ ʺ ɼˏˊˍ˖ˋʹˌ ʺ 
ɮˊ˄ʹˍʽˁʺˌ ɳ˄ˍˊˇˉʾʰˌ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍ˖˄ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˋˎ˄ʽˋˍ˖ˋ˗˄ ˍˇˎ 
ˋʺ˃ʰˍˇˌΦ [3] 
 

o Infomax ICA: 
ɰʰˋʾʸʶˍʰʽ ˋˍʹ˄ ʰˊ˔ʺ Infomax, ʵʹ˂ʰʵʺ ˋˍʹ ˃ʶʴʽˋˍˇˉˇʾʹˋʹ ˍʹˌ ˁˇʽ˄ʺˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ 
˃ʶˍʰ˅ˏ ˍʽˌ ˍʽ˃ʷˌ ʶʽˋˈʵˇˎ ˁʰʽ ʶ˅ˈʵˇˎ ʶ˄ˈˌ ˋˎˋˍʺ˃ʰˍˇˌΦ ʁ ʰ˂ʴˈˊʽʻ˃ˇˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ 
ˍʹ˄ ʷ˄˄ˇʽʰ ˍʹˌ ʶˁˍʾ˃ʹˋʹˌ ˃ʷʴʽˋˍʹˌ ˉʽʻʰ˄ˈˍʹˍʰˌ ʴʽʰ ˄ʰ ʲˊʶʽ ˍˇ˄ ʽʵʰ˄ʽˁˈ ˉʾ˄ʰˁʰ 
ʰˉˇˋˏ˄ʻʶˋʹˌΦ [5] 
 

o JADE ICA: 
ʁ ʰ˂ʴˈˊʽʻ˃ˇˌ «ˁˇʽ˄ʺˌ ˉˊˇˋʶʴʴʽˋˍʽˁʺˌ ʵʽʰʴ˖˄ˇˉˇʾʹˋʹˌ ʽʵʽˇˉʽ˄ʱˁ˖˄»  ̋ʰ˂˂ʽ˗ˌ 
«Joint Approximate Diagonalization of Eigenmatrices» ʶʾ˄ʰʽ ˃ʾʰ ˉˊˇˋʷʴʴʽˋʹ ʴʽʰ ˍʹ˄ 
ICA ˉˇˎ ˋˍˇ˔ʶˏʶʽ ˋˍˇ ˄ʰ ʲˊʶʽ ʷ˄ʰ ˉʾ˄ʰˁʰ ʰˉˇˋˏ˄ʻʶˋʹˌ ˉˇˎ ˉʶˊʾˉˇˎ ʵʽʰʴ˖˄ˇˉˇʽʶʾ 
ˍʹ ˋˎˋˍˇʽ˔ʾʰ ʰʻˊˇʽˋ˃ʱˍ˖˄ ˍ˖˄ ʰˊ˔ʽˁ˗˄ ˋʹ˃ʱˍ˖˄Φ ɶ ˋˎˋˍˇʽ˔ʾʰ ʰʻˊˇʽˋ˃ʱˍ˖˄ 
ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ ˋˍʰˍʽˋˍʽˁˈ ˃ʷˍˊˇ ʰ˄˗ˍʶˊʹˌ ˍʱ˅ʹˌ ˉˇˎ ʰˉˇˍˎˉ˗˄ʶʽ ˍʽˌ ˋˍʰˍʽˋˍʽˁʷˌ 
ʶ˅ʰˊˍʺˋʶʽˌ ˃ʶˍʰ˅ˏ ̱ ˖˄ ˋʹ˃ʱˍ˖˄ ˉʹʴʺˌΦ [6], [7] 
 

1.2.3 Non-Negative Matrix Factorization (NMF) 

ɶ «Non-Negative Matrix Factorization» (NMF),  ̋ «ʃʰˊʰʴˇ˄ˍˇˉˇʾʹˋʹ ɾ́ -ɮ́ ˄ʹˍʽˁ˗˄ 
ʃʽ˄ʱˁ˖˄» ʰˉˇˍʶ˂ʶʾ ˃ʽʰ ˍʶ˔˄ʽˁʺ ˃ʶʾ˖ˋʹˌ ʵʽʰˋˍʱˋʶ˖˄ ˁʰʽ ʰ˄ʱ˂ˎˋʹˌ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ 
˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ ʰˉˇˋˏ˄ʻʶˋʹ ʶ˄ˈˌ ˃ʹ-ʰˊ˄ʹˍʽˁˇˏ ˉʾ˄ʰˁʰ ˋʶ ʵˏˇ ˃-́ʰˊ˄ʹˍʽˁˇˏˌ 
ˉʾ˄ʰˁʶˌ ˔ʰ˃ʹ˂ˈˍʶˊʹˌ ˍʱ˅ʹˌΦ ɶ ˃ʷʻˇʵˇˌ ʶˉʽ˄ˇʺʻʹˁʶ ʰˉˈ ʵˏˇ ʶˉʽˋˍʺ˃ˇ˄ʶˌ Lee ˁʰʽ Seung ʴʽʰ 
ˍʹ˄ ˉʰˊʰʴˇ˄ˍˇˉˇʾʹˋʹ ʶ˄ˈˌ ˉʾ˄ʰˁʰ ˋʶ ʷ˄ʰ ʴʽ˄ˈ˃ʶ˄ˇ ʵˏˇ ˃ʹ-ʰˊ˄ʹˍʽˁ˗˄ ˉʽ˄ʱˁ˖˄ [8]. 

ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˎ˔˄ʱ ʴʽʰ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄Σ ʰ˄ʰʴ˄˗ˊʽˋʹ ˉˊˇˍˏˉ˖˄ ˁʰʽ 
ʵʽʰ˔˖ˊʽˋ˃ˇˏ ˉʹʴ˗˄ ˋʶ ʵʽʱ˒ˇˊˇˎˌ ˍˇ˃ʶʾˌΣ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄˖˄ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌ ʺ˔ˇˎΣ 
ʶˉʶ˅ʶˊʴʰˋʾʰˌ ʶʽˁˈ˄ʰˌΣ ʰ˄ʱ˃ʶʽ˅ʹ ˁʶʽ˃ʷ˄ˇˎ ˁʰʽ ʲʽˇˍʶ˔˄ˇ˂ˇʴʾʰˌΦ ɮˉˇˍʶ˂ʶʾ ˃ʽʰ ˃ʹ-
ʶˉʽʲ˂ʶˉˈ˃ʶ˄ʹ ˃ʷʻˇʵˇ ʰˉˇˋˏ˄ʻʶˋʹˌ ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ ˋʹ˃ʰ˄ˍʽˁʺ ʶˊʶˎ˄ʹˍʽˁʺ ʶˉʽˍˎ˔ʾʰΦ 

ʅˍʰ ˉ˂ʰʾˋʽʰ ˍˇˎ ˍˎ˒˂ˇˏ ʵʽʰ˔˖ˊʽˋ˃ˇˏ ˋʹ˃ʱˍ˖˄ όBSS) ʰˉˇˍʶ˂ʶʾ ˃ʽʰ ˃ʷʻˇʵˇ ʵʽʰ˔˖ˊʽˋ˃ˇˏ 
ʶ˄ˈˌ ʰ˄ʰ˃ʶʽʴ˃ʷ˄ˇˎ ˋʺ˃ʰˍˇˌΦ ɶ NMF ʷ˔ʶʽ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˋʶ ˉˇ˂˂ʰˉ˂ʷˌ ʶ˒ʰˊ˃ˇʴʷˌ ˃ʶ 
˃ʶʴʱ˂ʹ ʶˉʽˍˎ˔ʾʰ ʴʽʰ ˍʹ˄ ʰ˄ʱˁˍʹˋʹ ˍ˖˄ ˎˉˇˁʶʾ˃ʶ˄˖˄ ˋʹ˃ʱˍ˖˄ ʰˉˈ ʷ˄ʰ ˋʺ˃ʰ ̄ ˇˎ ʷ˔ʶʽ ʵˇʻʶʾ 
ʰˉˈ ʷ˄ʰ˄ ˃ˈ˄ˇ h ʽˋʻʹˍʺˊʰ. 
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1.2.3.1 ɰʰˋʽˁˈ ˃ˇ˄ˍʷ˂ˇ NMF 

ɶ ˉʰˊʰʴˇ˄ˍˇˉˇʾʹˋʹ ˃ʹ-ʰˊ˄ʹˍʽˁ˗˄ ˉʽ˄ʱˁ˖˄ όNMFύ ʶʾ˄ʰʽ ˃ʾʰ ˍʶ˔˄ʽˁʺ ʴʽʰ ˍʹ˄ 
ˉʰˊʰʴˇ˄ˍˇˉˇʾʹˋʹ ʶ˄ˈˌ ˋˏ˄ʻʶˍˇˎ ˉʾ˄ʰˁʰ όˉΦ˔Φ ˋʺ˃ʰ ˇ˃ʽ˂ʾʰˌύ ˋʶ ʵˏˇ ʺ ˉʶˊʽˋˋˈˍʶˊˇˎˌ 
ʰˉ˂ˇˏˌ ˉʾ˄ʰˁʶˌΦ 

╥ ╦ ╗ τ 

ʂˉˇˎ ╦ ʁ ʾ˄ʰʽ ʷ˄ʰˌ ˉʾ˄ʰˁʰˌ ʵʽʰ˄ˎˋ˃ʱˍ˖˄ ˍʹˌ ˍʱ˅ʹˌ ὦ ὼ ή, ◘ ʁ ʾ˄ʰʽ ʷ˄ʰˌ ˉʾ˄ʰˁʰˌ ʲʰˊ˗˄ ˍʹˌ 
ˍʱ˅ʹˌ ή ὼ ὲ. ɶ ˍʽ˃ʺ ˍˇˎ ή ̒ ʶ˖ˊʶʾˍʰʽ ˃ʽˁˊˈˍʶˊʹ ʰˉˈ ˍʰ ὦȟὲ ˁ ʰʽ ˋˎ˄ʺʻ˖ˌ ʶʾ˄ʰʽ ʾˋʹ ˃ ʶ ̱́ ˄ˈˊ˃ʰ 
ˍˇˎ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ˉʾ˄ʰˁʰ ʵʶʵˇ˃ʷ˄˖˄ ╥. ɳ˒ˈˋˇ˄ ˍˇ ή ʁ ʾ˄ʰʽ ˃ʽˁˊˈΣ ˇʽ ˉʾ˄ʰˁʶˌ ╦ ˁ ʰʽ ◘ ʁʾ˄ʰʽ 
˃ʽˁˊˈˍʶˊˇʽ ʰˉˈ ˍˇ˄ ʰˊ˔ʽˁˈ ˉʾ˄ʰˁʰ ʵʶʵˇ˃ʷ˄˖˄ ╥Σ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ ˋˎ˃ˉʽʶˋ˃ʷ˄ʹ ʷˁʵˇˋʺ 
ˍˇˎΦ 

ʇˉʱˊ˔ˇˎ˄ ʵʽʱ˒ˇˊʶˌ ˃ʷʻˇʵˇʽ ˉʰˊʰʴˇ˄ˍˇˉˇʾʹˋʹˌ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍ˖˄ ˉʽ˄ʱˁ˖˄ ╦ ˁ ʰʽ ◘. 
ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍˇˎ ʵʽʰ˔˖ˊʽˋ˃ˇˏ ˒˖˄ʹˍʽˁ˗˄ ˉʹʴ˗˄, ╥ ʁ ʾ˄ʰʽ ˍˇ ˉ˂ʱˍˇˌ ˁʱʻʶ ˋˎ˔˄ˈˍʹˍʰˌ Ὢ 
ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˔ˊˇ˄ʽˁʷˌ ˋˍʽʴ˃ʷˌ ὸ [9].  

1.2.3.2 ɰʰˋʽˁˇ ʾh ˂ʴˈˊʽʻ˃ˇʽ NMF 

o Maximum Likelihood NMF: 
ʁ ʰ˂ʴˈˊʽʻ˃ˇˌ NMF ̄ ˇˎ ʲʰˋʾʸʶˍʰʽ ˋˍʹ ˃ʷʴʽˋˍʹ ˉʽʻʰ˄ˈˍʹˍʰ ʺ ζMaximum Likelihood» 
ˉˊˇˍʱʻʹˁʶ ʴʽʰ ˉˊ˗ˍʹ ˒ˇˊʱ ˍˇ мффф ʰˉˈ ˍˇˎˌ Lee and Sung [2], [8]. ʇˉˇʻʷˍʶʽ ˈˍʽ ˁʱʻʶ 
ˋˍˇʽ˔ʶʾˇ ˍˇˎ ˉʾ˄ʰˁʰ ʶʾ˄ʰʽ ˋˍʰˍʽˋˍʽˁʱ ʰ˄ʶ˅ʱˊˍʹˍˇ ˁʰʽ ˍˇ ╥  h ˁˇ˂ˇˎʻʶʾ ˃ ʽʰ ˁʰˍʰ˄ˇ˃ʺ 

ʃˇˎʰˋˈ˄Σ ˃ʶ ˍʰ ╦╗  ɹ ʽʰ ˉʰˊʰ˃ʷˍˊˇˎˌ. ɰʰˋʽˋ˃ʷ˄ˇˌ ˋʶ ʰˎˍʺ ˍʹ˄ ˎˉˈʻʶˋʹ ˇ 

ʰ˂ʴˈˊʽʻ˃ˇˌ ˋ˔ʶʵʽʱˋˍʹˁʶ ˋˍʹ˄ ʽʵʷʰ ˍʹˌ ˃ʷʴʽˋˍʹˌ ˉʽʻʰ˄ˈˍʹˍʰˌΣ ˃ʶ ˍʹ˄ ˋˎ˄ʱˊˍʹˋʹ 
ˉʽʻʰ˄ˈˍʹˍʰˌ ˖ˌ ˍʹ˄ ʰ˄ˍʽˁʶʽ˃ʶ˄ʽˁʺ ˋˎ˄ʱˊˍʹˋʹΦ ɮˎˍˈˌ ʶʾ˄ʰʽ ˇ ˉˊˈʵˊˇ˃ˇˌ ˍˇˎ NMF. ɶ 
ˋˎ˄ʱˊˍʹˋʹ-ˋˍˈ˔ˇˌ ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ ˇˊʾʸʶˍʰʽ ˖ˌ: 

Ὂ  ╥ ÌÏÇ╦╗  ╦╗  υ 

 
ʁ ʰ˂ʴˈˊʽʻ˃ˇˌ ˋˎʴˁ˂ʾ˄ʶʽ ˈˍʰ˄ ʹ ˋˎ˄ʱˊˍʹˋʹ ʰˎˍʺ ˃ʶʴʽˋˍˇˉˇʽʹʻʶʾΦ 
 

o Euclidean Distance NMF: 
ɴ˄ʰˌ ʰ˂ʴˈˊʽʻ˃ˇˌ NMF ˉˇˎ ʲʰˋʾʸʶˍʰʽ ˋˍʹ˄ ɳˎˁ˂ʶʾʵʶʽʰ ɮ̄ ˈˋˍʰˋʹ ʺ ζEuclidian 
Distance» [2]Φ ʅˏ˃˒˖˄ʰ ˃ʶ ˍˇ ˃ʰʻʹ˃ʰˍʽˁˈ ˃ˇ˄ˍʷ˂ˇ ˍˇˎ NMF ˉˊʷˉʶʽ ˄ʰ ʲˊʶʻʶʾ ˃ʽʰ 
ʰˉˇˋˏ˄ʻʶˋʹ ʷˍˋʽ ˗ˋˍʶ ˄ʰ ʽˋ˔ˏʶʽ ʹ ˋˎ˄ʱˊˍʹˋʹ ό6ύΣ ˗ˋˍʶ ˍˇ ╦◘ ˄ ʰ ʶʾ˄ʰʽ ˁˇ˄ˍʱ ˋˍˇ ╥ 
˃ʶ ˍˇ ˋ˒ʱ˂˃ʰ ˄ʰ ʶʾ˄ʰʽ ˍˇ ˃ʽˁˊˈˍʶˊˇ ʵˎ˄ʰˍˈ. ɴˍˋʽΣ ˇˊʾʸʶˍʰʽ ˃ʾʰ ˋˎ˄ʱˊˍʹˋʹ ʴʽʰ ˄ʰ 
ˁˊʾ˄ʶʽ ˍʹ˄ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰ ˍʹˌ ˉˊˇˋʷʴʴʽˋʹˌΦ ɶ ˋˎ˄ʱˊˍʹˋʹ ˋˍˈ˔ˇˌ ˍˈˍʶ ʶʾ˄ʰʽ ʹ 
ʶˎˁ˂ʶʾʵʶʽʰ h ˉˈˋˍʰˋʹ ˃ʶˍʰ˅ˏ ˍ˖˄ ╦ ˁ ʰʽ ◘: 

ᴁ╥  ╦╗ᴁ  ╥  ╦╗  φ 

ʁ ʰ˂ʴˈˊʽʻ˃ˇˌ ˋˎʴˁ˂ʾ˄ʶʽ ˈˍʰ˄ ʹ ˋˎ˄ʱˊˍʹˋʹ ʰˎˍʺ ʶ˂ʰ˔ʽˋˍˇˉˇʽʹʻʶʾΦ 
 

o Divergence Deviation NMF: 
ɴ˄ʰˌ ʰ˂ʴˈˊʽʻ˃ˇˌ NMF ˉˇˎ ʲʰˋʾʸʶˍʰʽ ˋˍʹ˄ ɮˉˈˁ˂ʽˋʹ ɳˁˍˊˇˉʺˌ ʺ ζDivergence 
Deviation» [2]. ʁ ʰ˂ʴˈˊʽʻ˃ˇˌ ʶʾ˄ʰʽ ˁʰ˂ˏˍʶˊˇˌ ʰˉˈ ˍˇ˄ Maximum Likelihood NMFΦ ɮ˄ 
ˁʰʽ ˃ˈ˄ˇ ʰ˄ ╥ ╦ ╗Σ ˍˈˍʶ ʹ ʰˉˈˁ˂ʽˋʹ ʶˁˍˊˇˉʺˌ ʶʾ˄ʰʽ ʾˋʹ ˃ʶ ˍˇ ˃ʹʵʷ˄Φ ɶ 
ˋˎ˄ʱˊˍʹˋʹ-ˋˍˈ˔ˇˌ ˉˇˎ ˇ˄ˇ˃ʱʸʶˍʰʽ ɮˉˈˁ˂ʽˋʹ KL ̌ ˊʾʸʶˍʰʽ ˖ˌ ʶ˅ʺˌΥ 
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Ὀ╥ ╦᷆╗  ╥ ÌÏÇ
╥

╦╗
 ╥  ╦╗  χ 

ɳʱ˄ ʰˎˍʺ ʹ ˋˎ˄ʱˊˍʹˋʹ ʶʾ˄ʰʽ ʾˋʹ ˃ʶ ˃ʹʵʷ˄Σ ˍˈˍʶ ˁʰʽ ˃ˈ˄ˇ ˍˈˍʶ ╥ ╦ ╗. 

1.2.4 Independent Vector Analysis (IVA) 

ɾʾʰ ˉˊˇˋʷʴʴʽˋʹ ˍʹ ˂ˏˋʹ BSS ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ʰˉˇˍʶ˂ʶʾ ʹ ɮ˄ʶ˅ʱˊˍʹˍʹ ɮ˄ʱ˂ˎˋʹ ɲʽʰ˄ˎˋ˃ʱˍ˖˄ 
ʺ ζIndependent Vector Analysis» (IVA) [10]. ɶ ̄ˊˇˋʷʴʴʽˋʹ ʰˎˍʺ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˔ˊʺˋʽ˃ʹ ˋʶ 
ˋʶ˄ʱˊʽʰ ˉˇˎ ˉˇ˂˂ʰˉ˂ʷˌ ʶʾˋˇʵˇʽ ʰ˄ʰ˃ʶʽʴ˄ˏˇ˄ˍʰʽ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˁʰʽ ˇʽ ˉʹʴʷˌ ʶʾ˄ʰʽ ˋˍʰˍʽˋˍʽˁʱ 
ʰ˄ʶ˅ʱˊˍʹˍʶˌ ˃ʶˍʰ˅ˏ ˍˇˎˌΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ˋʶ ʵʽʰ˔˖ˊʽˋ˃ˈ ˋʹ˃ʱˍ˖˄ ʺ˔ˇˎ ʰˉˈ ʷ˄ʰ ˋʶˍ 
˃ʽˁˊˇ˒˗˄˖˄Φ 

ɼˏˊʽʰ ʽʵʷʰ ˍʹˌ IVA ʁ ʾ˄ʰʽ ˄ʰ ˃ʶˍʰˍˊʷ˕ʶʽ ˍʰ ˉʰˊʰˍʹˊˇˏ˃ʶ˄ʰ ʰ˄ʰ˃ʶʽʴ˃ʷ˄ʰ ˋʺ˃ʰˍʰ ˋʶ ˃ʽʰ ˄ʷʰ 
ʵʽʱˋˍʰˋʹ ˉˇˎ ˇʽ ˉʹʴʷˌ ʻʶ˖ˊˇˏ˄ˍʰʽ ʰ˄ʶ˅ʱˊˍʹˍʶˌΦ ɮˉˇˍʶ˂ʶʾ ˃ʾʰ ʶˉʷˁˍʰˋʹ ˍ˖˄ ˁˏˊʽ˖˄ 
ˋˍˇʽ˔ʶʾ˖˄ ˍʹ˄ ICA ʷˍˋʽ ˗ˋˍʶ ˄ʰ ˃ˉˇˊʶʾ ˄ʰ ʰ˄ˍʰˉʶ˅ʷ˂ʻʶʽ ˍʰˎˍˈ˔ˊˇ˄ʰ ˋʶ ˉˇ˂˂ʰˉ˂ʱ ˋʶˍ 
ˉʰˊʰˍʹˊʺˋʶ˖˄Φ 

ʆˇ ˃ˇ˄ˍʷ˂ˇ IVA ˉˊˇːˉˇʻʷˍʶʽ ˈˍʽ ʹ ʴˊʰ˃˃ʽˁʺ ʰ˄ʱ˃ʶʽ˅ʹ ˎˉʱˊ˔ʶʽ ˋʶ ˁʱʻʶ ʵʽʱˋˍʰˋʹ ˔˖ˊʽˋˍʱ 
ˁʰʽ ˇʽ ˂ʰ˄ʻʱ˄ˇˎˋʶˌ ˉʹʴʷˌ ʶʾ˄ʰʽ ʰ˄ʶ˅ʱˊˍʹˍʶˌ ʰˉˈ ˍʽˌ ʱ˂˂ʶˌΦ ʅʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍʹ˄ ICA ˇʽ ˉʹʴʷˌ 
ʶʵ˗ ʶʾ˄ʰʽ ˍˎ˔ʰʾʰ ʵʽʰ˄ˏˋ˃ʰˍʰΣ ˈ˔ʽ ʰˉ˂ʱ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ˃ʶˍʰʲ˂ʹˍʷˌΣ ˁʰʽ ʶˉˇ˃ʷ˄˖ˌΣ ˍʰ 
ˋˍˇʽ˔ʶʾʰ ˍˇˎ ˍˎ˔ʰʾˇˎ ʵʽʰ˄ˏˋ˃ʰˍˇˌ ˋˎ˄ʵʷˇ˄ˍʰʽ ˋˍʶ˄ʱ ˃ʶ ˍʰ ˎˉˈ˂ˇʽˉʰΦ ɾʶ ʰˎˍˈ ˍˇ˄ ˍˊˈˉˇΣ 
ˎˉˇˍʾʻʶˍʰʽ ʹ ʶ˅ʱˊˍʹˋʹ ˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ˃ʾʰˌ ˉʹʴʺˌΦ ɾʶ ʲʱˋʹ ˍʰ ˉʰˊʰˉʱ˄˖ ˇˊʾʸʶˍʰʽ ʹ 
ʶ˅ʱˊˍʹˋʹ ˃ʶˍʰ˅ˏ ˍ˖˄ ʵʽʰ˄ˎˋ˃ʱˍ˖˄ ˖ˌ ʰˉˈˁ˂ʽˋʹ Kullback-Leibler ˃ʶˍʰ˅ˏ ˍʹˌ ˁˇʽ˄ʺˌ 
ˉʽʻʰ˄ˈˍʹˍʰˌ ˍ˖˄ ʵʽʰ˄ˎˋ˃ʱˍ˖˄ ˁʰʽ ̱ ˇ ʴʽ˄ˈ˃ʶ˄ˇ ˍ˖˄ ˇˊʽʰˁ˗˄ ˉʽʻʰ˄ˇˍʺˍ˖˄ ˍ˖˄ ʵʽʰ˄ˎˋ˃ʱˍ˖˄Φ 

ʆˇ ˃ˇ˄ˍʷ˂ˇ ʶˉʽˍˊʷˉʶʽ ʰ˄ʶ˅ʰˊˍʹˋʾʰ ˃ʶˍʰ˅ˏ ˉˇ˂ˎ˃ʶˍʰʲ˂ʹˍ˗˄ ˋʹ˃ʱˍ˖˄ ˉʹʴʺˌ ˉˇˎ 
ʰ˄ʰˉʰˊʾˋˍʰ˄ˍʰʽ ˖ˌ ˍˎ˔ʰʾʰ ʵʽʰ˄ˏˋ˃ʰˍʰ ˁʰʽ ˍʹ˄ ʶ˅ʱˊˍʹˋʹ ˃ʶˍʰ˅ˏ ˍ˖˄ ˋʹ˃ʱˍ˖˄ ˉʹʴʺˌ ʶ˄ˍˈˌ 
ˍ˖˄ ʵʽʰ˄ˎˋ˃ʱˍ˖˄Φ  

1.2.4.1 ɰʰˋʽˁˈ ɾˇ˄ˍʷ˂ˇ IVA 

ɾʶ ɻ̌ ˋ˃ʷ˄ʶˌ ˍʽˌ ˉʰˊʰˍʹˊʺˋʶʽˌ ὼ: 

ὼ  ὥ ίʐ ψ 

ɰˊʾˋˁˇ˄ˍʰʽ ˍʰ ʵʽʰ˄ˏˋ˃ʰˍʰ ˉʹʴʺˌ ί: 

ί  ί  ύ ὼʐ ω 

ʂˉˇˎ ˇ ˍʶ˂ʶˋˍʺˌ  ʐ̌ ˊʾʸʶʽ ʴʽ˄ˈ˃ʶ˄ˇ ʰ˄ʱ ˋˍˇʽ˔ʶʾˇ ˁʰʽ ὒȟὓ ʁ ʾ˄ʰʽ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ˉʹʴ˗˄ ˁʰʽ ˍ˖˄ 
ˉʰˊʰˍʹˊʺˋʶ˖˄ ʰ˄ˍʾˋˍˇʽ˔ʰΦ 

ɸʶ˖ˊʶʾˍʰʽ ˈˍʽ ˍʰ ˋˍˇʽ˔ʶʾʰ ʶ˄ˈˌ ʵʽʰ˄ˏˋ˃ʰˍˇˌ ˉʹʴʺˌ ʶʾ˄ʰʽ ʰ˄ʶ˅ʱˊˍʹˍʰ ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ˍ˖˄ 
ʱ˂˂˖˄ ʵʽʰ˄ˎˋ˃ʱˍ˖˄Σ ˃ʷˋʰ ˋʶ ʷ˄ʰ ʵʽʱ˄ˎˋ˃ʰ ˉʹʴʺˌ ˍʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ʶ˅ʰˊˍ˗˄ˍʰʽ ʰˉˈ ˍʰ 
ˎˉˈ˂ˇʽˉʰ ˁʰʽ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ˉʹʴ˗˄ ʶʾ˄ʰʽ ˃ʽˁˊˈˍʶˊˇˌ ʺ ʾˋˇˌ ʰˉˈ ʰˎˍˈ˄ ˍ˖˄ ˉʰˊʰˍʹˊʺˋʶ˖˄Φ  

ɳˏˁˇ˂ʰ ˃ˉˇˊʶʾ ˄ʰ ˍˇ ʻʶ˖ˊʺˋʶʽ ˁʱˉˇʽˇˌ ʰˎˍˈ ˖ˌ ʷ˄ʰ˄ ʰˊʽʻ˃ˈ ICA ̄ ˊˇʲ˂ʹ˃ʱˍ˖˄ ʶˉʶʽʵʺ ʹ ό8) 
˃ˉˇˊʶʾ ˄ʰ ʴˊʰ˒ʶʾ ˁʰʽ ˖ˌΥ 
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ὼ  ὃ ί ȟỄȟὼ  ὃ ί  ω 

ʂ˃˖ˌ ˇ ʰ˂ʴˈˊʽʻ˃ˇˌ ICA ʻʰ ʶ˒ʰˊ˃ˇˋˍʶʾ ˔˖ˊʽˋˍʱ ˋʶ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇ ˍˇˎ ʵʽʰ˄ˏˋ˃ʰˍˇˌΣ ˁʰʽ ˍʰ 
ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʻʰ ʶʾ˄ʰʽ ˃ʶ ˍˎ˔ʰʾʰ ˋʶʽˊʱΦ ɳˉˇ˃ʷ˄˖ˌΣ ʻʰ ˔ˊʶʽʰˋˍʶʾ ʷˉʶʽˍʰ ˁʰʽ ʷ˄ʰ ˋˍʱʵʽˇ ʴʽʰ 
˄ʰ ˁʰʻˇˊʽˋˍʶʾ ˉˇʽʰ ˋˎ˄ʽˋˍ˗ˋʰ ʰ˄ʺˁʶʽ ˋʶ ˉˇʽˇ ʵʽʱ˄ˎˋ˃ʰΦ ɳˉʽˉ˂ʷˇ˄Σ ʰʴ˄ˇʶʾˍʰʽ ˍˎ˔˗˄ 
ˉ˂ʹˊˇ˒ˇˊʾʰ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʶ˃ˉʶˊʽʷ˔ʶˍʰʽ ˋʶ ʰˎˍʱ ˍʰ ʵʽʰ˄ˏˋ˃ʰˍʰΦ ɱʽʰ ˃ʾʰ ˉʽˇ ʲʷ˂ˍʽˋˍʹ 
ˎ˂ˇˉˇʾʹˋʹ ˇˊʾʸʶˍʰʽ ˁ ˎ˂ˇˉˇʽʶʾˍʰʽ ˇ ʰ˂ʴˈˊʽʻ˃ˇˌ IVA. 

ɱʽʰ ˄ʰ ˔˖ˊʽˋˍˇˏ˄ ˇʽ ˉˇ˂ˏ-˃ʶˍʰʲ˂ʹˍʷˌ ˉʹʴʷˌ ʰˉˈ ˍʰ ˉˇ˂ˏ-˃ʶˍʰʲ˂ʹˍʱ ˉʰˊʰˍʹˊˇˏ˃ʶ˄ʰ 
ˋʺ˃ʰˍʰΣ ˔ˊʶʽʱʸʶˍʰʽ ˄ʰ ˇˊʽˋˍʶʾ ʹ ˋˎ˄ʱˊˍʹˋʹ ʰ˄ˍʾʻʶˋʹˌ ʴʽʰ ˉˇ˂ˏ-˃ʶˍʰʲ˂ʹˍʷˌ ˍˎ˔ʰʾʶˌ 
˃ʶˍʰʲ˂ʹˍʷˌ [10]. 

1.2.4.2 ɰʰˋʽˁˇʾ ʰ˂ʴˈˊʽʻ˃ˇʽ IVA 

ɱʽʰ ˄ʰ ʵʽʰ˔˖ˊʽˋˍˇˏ˄ ˍʰ ˋʺ˃ʰˍʰ ˃ʶ ʲʱˋʹ ˍˇ˄ ʰ˂ʴˈˊʽʻ˃ˇ IVA ˔ˊʶʽʱʸʶˍʰʽ ˄ʰ ˇˊʽˋˍʶʾ ʹ 
ˋˎ˄ʱˊˍʹˋʹ ʰ˄ˍʾʻʶˋʹˌ ʴʽʰ ˍˎ˔ʰʾʶˌ ˉˇ˂ˏ-˃ʶˍʰʲ˂ʹˍʷˌ ˍˎ˔ʰʾʶˌ ˃ʶˍʰʲ˂ʹˍʷˌΦ ʁˊʾʸʶˍʰʽ ʹ 
ʰˉˈˁ˂ʽˋʹ Kullback-Leibler ˃ʶˍʰ˅ˏ ʵˏˇ ˋˎ˄ʰˊˍʺˋʶ˖˄ ˋʰ˄ ˍˇ ˃ʷˍˊˇ ʰ˄ʶ˅ʰˊˍʹˋʾʰˌ ˁʰʽ 
ˉˊˇˁˏˉˍʶʽ ʹ ʰˉ˂ˇˉˇʽʹ˃ʷ˄ʹ ˋˎ˄ʱˊˍʹˋʹ ʰ˄ˍʾʻʶˋʹˌ ˖ˌ ʶ˅ʺˌΥ 

ὅ ὑὒὴίȟỄȟί  ᷆ ήί  

ὅ  ὧέὲίὸȢ Ὁ ÌÏÇήί ρπ 

 

ʂˉˇˎ Бήί  ̱ ˇ ʱʻˊˇʽˋ˃ʰ ˍ˖˄ ˉˊˇˋʶʴʴʽˋˍʽˁ˗˄ ˇˊʽʰˁ˗  ˄ ˋˎ˄ʰˊˍʺˋʶ˖˄ ˁʰˍʰ˄ˇ˃ʺˌ 
ˉʽʻʰ˄ˈˍʹˍʰˌ ˁ ʰʽ ὴίȟỄȟί  ́  ʰˁˊʽʲʺˌ ˁˇʽ˄ʺ ˋˎ˄ʱˊˍʹˋʹ ˉˎˁ˄ˈˍʹˍʰˌ ˉʽʻʰ˄ˈˍʹˍʰˌΦ 

ɾʶ ʲʱˋʹ ʰˎˍʺ ˍʹ ˋˎ˄ʱˊˍʹˋʹ ʰ˄ˍʾʻʶˋʹˌ όcontrast function) ʷ˔ˇˎ˄ ˁʰˍʰˋˁʶˎʰˋˍʶʾ ʵʽʱ˒ˇˊˇʽ 
ʰ˂ʴˈˊʽʻ˃ˇʽ ˃ʱʻʹˋʹˌ ˃ʶ ˃ʶʻˈʵˇˎˌ ˈˉ˖ˌΥ 

o ɾʷʻˇʵˇˌ ˁ ˂ʾˋʹˌ  (Gradient Method): 
ɴ˄ʰˌ ʰ˂ʴˈˊʽʻ˃ˇˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍʹ ˃ʷʻˇʵˇ ʲʰʻ˃˖ˍʺˌ ˁʰʻˈʵˇˎ ʴʽʰ ˍʹ˄ 
ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʹ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ ʰ˄ˍʾʻʶˋʹˌΦ [10] 
 

o ɾʷʻˇʵˇˌ Newton ˃ʶ ʶˉʰ˄ʱ˂ʹ˕ʹ ˋˍʰʻʶˊʺˌ ˎˉˇʵʽʰˋˍˇ˂ʺˌ όNewton method with 
fixed point iteration): 
ɴ˄ʰˌ ʰ˂ʴˈˊʽʻ˃ˇˌ ˃ʱʻʹˋʹˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍʹ ˃ʷʻˇʵˇ Newton ˃ʶ ʶˉʰ˄ʰ˂ʺ˕ʶʽˌ 
ˋˍʰʻʶˊʺˌ ˎˉˇʵʽʰˋˍˇ˂ʺˌΣ ˈˉ˖ˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˁʰʽ ˋˍˇ˄ ʰ˂ʴˈˊʽʻ˃ˇ Fast ICA. [10] 

1.2.5 ɰʰʻʽʱ ɿʶˎˊ˖˄ʽˁʱ ɲʾˁˍˎʰ όDNN) 

ʆʰ ˍʶ˂ʶˎˍʰʾʰ ˔ˊˈ˄ʽʰ ʽʵʽʰʾˍʶˊʶˌ ʶ˅ʶ˂ʾ˅ʶʽˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇ˄ ʆˎ˒˂ˈ ɲʽʰ˔˖ˊʽˋ˃ˈ ʃʹʴ˗˄ 
(BSS) ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ˄ʶˎˊ˖˄ʽˁ˗˄ ʵʽˁˍˏ˖˄Φ ʆʰ ɿʶˎˊ˖˄ʽˁʱ ɲʾˁˍˎʰ ˁʰʽ Σ ʽʵʽʰʾˍʶˊʰ ˍʰ ɰʰʻʽʱ 
ɿʶˎˊ˖˄ʽˁʱ ɲʾˁˍˎʰΣ ˃ˉˇˊˇˏ˄ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˖ˌ ʷ˄ʰ ʽˋ˔ˎˊˈ ʶˊʴʰ˂ʶʾˇ ʴʽʰ ˍˇ˄ 
ʵʽʰ˔˖ˊʽˋ˃ˈ ʰ˄ʰ˃ʶʽʴ˃ʷ˄˖˄ ˉʹʴ˗˄Φ 

ʃʰˊʰʵˇˋʽʰˁʷˌ ˃ʷʻˇʵˇʽ BSS, ˈˉ˖ˌ ʹ ɮ˄ʱ˂ˎˋʹ ɮ˄ʶ˅ʱˊˍʹˍ˖˄ ʅˎ˄ʽˋˍ˖ˋ˗˄ όICA) ˉˇˎ 
ʰ˄ʰ˒ʷˊʻʹˁʶ ˉʰˊʰˉʱ˄˖Σ ʶʾ˄ʰʽ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʷˌ ʴʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˋʶ˄ʱˊʽʰ ʰ˂˂ʱ ˃ˉˇˊʶʾ ˄ʰ 
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ʷ˔ˇˎ˄ ˉʶˊʽˇˊʽˋ˃ˇˏˌ ˈˍʰ˄ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ˉʶˊʾˉ˂ˇˁʶˌ ʺ ʷ˄ˍˇ˄ʰ ˋˎˋ˔ʶˍʽˋ˃ʷ˄ʶˌ ˉʹʴʷˌΦ ʁʽ 
˃ʷʻˇʵˇʽ BSS ˉˇˎ ʲʰˋʾʸˇ˄ˍʰʽ ˋʶ DNN ʰ˅ʽˇˉˇʽˇˏ˄ ˍʹ˄ ʽˁʰ˄ˈˍʹˍʰ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄ ˄ʰ ˃ʰʻʰʾ˄ˇˎ˄ 
ˉʶˊʾˉ˂ˇˁʶˌ ˁʰʽ ˃ʹ-ʴˊʰ˃˃ʽˁʷˌ ˋ˔ʷˋʶʽˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ʶʽˋˈʵˇˎΣ ˁʰʻʽˋˍ˗˄ˍʰˌ ˍʰ 
ˉʽˇ ʽˁʰ˄ʱ ʴʽʰ ˄ʰ ˔ʶʽˊʾʸˇ˄ˍʰʽ ˉʽˇ ʵˏˋˁˇ˂ʶˌ ʵʽʶˊʴʰˋʾʶˌ ʵʽʰ˔˖ˊʽˋ˃ˇˏΦ 

ʆʰ ɿʶˎˊ˖˄ʽˁʱ ɲʾˁˍˎʰ[11]Σ ʶˉʾˋʹˌ ʴ˄˖ˋˍʱ ˖ˌ ʆʶ˔˄ʹˍʱ ɿʶˎˊ˖˄ʽˁʱ ɲʾˁˍˎʰ όArtificial Neural 
Networks - ANN), ʁ ʾ˄ʰʽ ˃ʽʰ ˎˉˇˁʰˍʹʴˇˊʾʰ ˍʹˌ ˃ʹ˔ʰ˄ʽˁʺˌ ˃ʱʻʹˋʹˌ. ʆˇ ˈ˄ˇ˃ʰ ˁʰʽ ʹ ʵˇ˃ʺ ˍˇˎˌ 
ʶʾ˄ʰʽ ʶ˃ˉ˄ʶˎˋ˃ʷ˄ʰ ʰˉˈ ˍˇ˄ ʰ˄ʻˊ˗ˉʽ˄ˇ ʶʴˁʷ˒ʰ˂ˇ ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˍˇ˄ ˍˊˈˉˇ ˉˇˎ ˍʰ 
˄ʶˎˊ˖˄ʽˁʱ ˁˏˍˍʰˊʰ ʶˉʽˁˇʽ˄˖˄ˇˏ˄ ˃ʶˍʰ˅ˏ ˍˇˎˌΦ 

ɰʰˋʽˁˈ ˋˎˋˍʰˍʽˁ˗˄ ˍ˖˄ ˄ʶˎˊ˖˄ʽˁ˗˄ ʵʽˁˍˏ˖˄ ʶʾ˄ʰʽ ˇʽ ˄ʶˎˊ˗˄ʶˌΦ  

 

ɳʽˁˈ˄ʰ 2 ɴ˄ʰˌ ʰˉ˂ˈˌ ˍʶ˔˄ʹˍˈˌ ˄ʶˎˊ˗˄ʰˌ [11]  

ɼʱʻʶ ˄ʶˎˊ˗˄ʰˌ ʵʷ˔ʶˍʰʽ ˉˇ˂˂ʰˉ˂ʱ ˋʺ˃ʰˍʰ ʰˉˈ ʱ˂˂ˇˎˌ ˄ʶˎˊ˗˄ʶˌ ˁʰʽ ʰ˒ˇˏ 
ˉˇ˂˂ʰˉ˂ʰˋʽʰˋˍˇˏ˄ ˃ʶ ˁʱˉˇʽʰ ʲʱˊʹ ˁʰʽ ʰʻˊˇʽˋˍˇˏ˄ ʵʾ˄ˇˎ˄ ʷ˄ʰ ˋʺ˃ʰ ˍˇ ˇˉˇʾˇΣ ʰ˄ʱ˂ˇʴʰ ˃ʶ 
ˁʱˉˇʽˇ ˁˊʽˍʺˊʽˇ ʵʾ˄ʶʽ ʷ˄ʰ ˋʺ˃ʰ ʶ˅ˈʵˇˎΦ 

ʆʰ ANN ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ ʵʽʰˋˎ˄ʵʶʵʶ˃ʷ˄ˇˎ ˁˈ˃ʲˇˎˌΣ ˍˇˎˌ ˄ʶˎˊ˗˄ʶˌ ˁʰʽ ˇˊʴʰ˄˗˄ˇ˄ˍʰʽ ˋʶ 
ʶˉʾˉʶʵʰΦ ʃʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ʷ˄ʰ ʶˉʾˉʶʵˇ ʶʽˋˈʵˇˎΣ ˉˇ˂˂ʰˉ˂ʱ ˁˊˎ˃˃ʷ˄ʰ ʶˉʾˉʶʵʰ ˁʰʽ ʷ˄ʰ 
ʶˉʾˉʶʵˇ ʶ˅ˈʵˇˎΦ 

 

ɳʽˁˈ˄ʰ 3 ɴ˄ʰ ʰˉ˂ˈ ɿʶˎˊ˖˄ʽˁˈ ɲʾˁˍˎˇ ˃ʶ о ʶˉʾˉʶʵʰ [11] 



 

 ʅʶ˂ʾʵʰ 12 h ˉˈ 46 

ɶ ʶˁˉʰʾʵʶˎˋʹ ˍˇˎ ˁʱʻʶ ˄ʶˎˊ˖˄ʽˁˇˏ ʵʽˁˍˏˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʹ˄ ˉˊˇˋʰˊ˃ˇʴʺ ˍ˖˄ ʲʰˊ˗˄ ˍ˖˄ 
ˋˎ˄ʵʷˋʶ˖˄ ʴʽʰ ˄ʰ ʶ˂ʰ˔ʽˋˍˇˉˇʽʺˋʶʽ ˃ʽʰ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʹ ˋˎ˄ʱˊˍʹˋʹˌ ʰˉ˖˂ʶʽ˗˄Σ ʹ ˇˉˇʾʰ 
˃ʶˍˊʱ ˍʹ ʵʽʰ˒ˇˊʱ ˃ʶˍʰ˅ˏ ˍʹˌ ˉˊˇʲ˂ʶˉˈ˃ʶ˄ʹˌ ʶ˅ˈʵˇˎ ˁʰʽ ˍˇˎ ˉˊʰʴ˃ʰˍʽˁˇˏ ˋˍˈ˔ˇˎΦ ɶ 
ʵʽʰʵʽˁʰˋʾʰ ʶˁ˃ʱʻʹˋʹˌ ʴʾ˄ʶˍʰʽ ˉʱ˄˖ ˋʶ ˃ʾʰ ˇ˃ʱʵʰ ʴ˄˖ˋˍ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ˈˋˇ ʰˎˍʺ 
ʶˉʶˁˍʶʾ˄ʶˍʰʽ ˍˈˋˇ ˁʰ˂ˏˍʶˊʰ ʶʾ˄ʰʽ ˁʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍˇˎ ʵʽˁˍˏˇˎΦ 

ɴ˄ʰ ˄ʶˎˊ˖˄ʽˁˈ ʵʾˁˍˎˇ ˇ˄ˇ˃ʱʸʶˍʰʽ ʲʰʻˏ ˈˍʰ˄ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˉʱ˄˖ ʰˉˈ ˍˊʾʰ ʶˉʾˉʶʵʰΣ ʵʹ˂ʰʵʺ 
ˉˇ˂˂ʰˉ˂ʱ ˁˊˎ˃˃ʷ˄ʰ ʶˉʾˉʶʵʰΦ 

ʅˍʰ ˉ˂ʰʾˋʽʰ ˍˇˎ ʵʽʰ˔˖ˊʽˋ˃ˇˏ ʹ˔ʹˍʽˁ˗˄ ˋʹ˃ʱˍ˖˄ ˇ˃ʽ˂ʾʰˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʵʽʱ˒ˇˊʰ DNN 
ˈˉ˖ˌΥ 

o ʅˎ˄ʶ˂ʽˁˍʽˁʱ ɿʶˎˊ˖˄ʽˁʱ ɲʾˁˍˎʰ όCNNs): 
ʆ  hCNNs  ̋ʰ˂˂ʽ˗ˌ Convolutional Neural Networks ʶʾ˄ʰʽ ʷ˄ʰ ʶʾʵˇˌ ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄˖˄ 
DNNs ˉˇˎ ʷ˔ˇˎ˄ ˋ˔ʶʵʽʰˋˍʶʾ ʴʽʰ ˄ʰ ʶˉʶ˅ʶˊʴʱʸˇ˄ˍʰʽ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ 
˃ˇʽʱʸˇˎ˄ ˃ʶ ˉ˂ʷʴ˃ʰΣ ˈˉ˖ˌ ʶʽˁˈ˄ʶˌ ˁʰʽ ˒ʰˋ˃ʰˍˇʴˊʱ˃˃ʰˍʰ ʺ˔ˇˎΦ 
 

o ɳˉʰ˄ʰ˂ʰ˃ʲʰ˄ˈ˃ʶ˄ʰ ɿʶˎˊ˖˄ʽˁʱ ɲʾˁˍˎʰ όRNNs): 
ʆ  h RNNs  ̋ʰ˂˂ʽ˗ˌ Recurrent Neural Networks ʶʾ˄ʰʽ ˃ʾʰ ˁʰˍʹʴˇˊʾʰ ˄ʶˎˊ˖˄ʽˁ˗˄ 
ʵʽˁˍˏ˖˄ ˉˇˎ ʷ˔ˇˎ˄ ˋ˔ʶʵʽʰˋˍʶʾ ʴʽʰ ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ˋʶʽˊʽʰˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˈˉ˖ˌ 
˒ˎˋʽˁʺ ˇ˃ʽ˂ʾʰΣ ʺ˔ˇΣ ˋʶʽˊʷˌ ˔ˊˈ˄ˇˎ ˁʰʽ ʱ˂˂ʰΦ ɳ˃ˉʶˊʽʷ˔ˇˎ˄ ʵʽʰˋˎ˄ʵʷˋʶʽˌ ˉˇˎ 
ʵʹ˃ʽˇˎˊʴˇˏ˄ ˁˏˁ˂ˇˎˌΣ ʶˉʽˍˊʷˉˇ˄ˍʱˌ ˍˇˎˌ ˄ʰ ˋˎʴˁˊʰˍʺˋˇˎ˄ ˃ʾʰ ʶˋ˖ˍʶˊʽˁʺ ˃˄ʺ˃ʹ 
ˁʰʽ ˄ʰ ˋˎ˂˂ʱʲˇˎ˄ ʶ˅ʰˊˍʺˋʶʽˌ ˋˍʰ ʵʶʵˇ˃ʷ˄ʰ ʶʽˋˈʵˇˎΦ 
 

1.2.6 ɯ˂˂ʶˌ ʆʶ˔˄ʽˁʷˌ 

ɳˉʽʴˊʰ˃˃ʰˍʽˁʱ ʰ˄ʰ˒ʷˊʶˍʰʽ ˁʰʽ ʰˁˈ˃ʹ ˃ʾʰ ˉʽˇ ˉˊˈˋ˒ʰˍʹ ˍʶ˔˄ʽˁʺ ˍˎ˒˂ˇˏ ʵʽʰ˔˖ˊʽˋ˃ˇˏ 
ˉʹʴ˗˄. 

1.3 ɾʶˍʶˉʶ˅ʶˊʴʰˋʾʰ όPostprocessing) 

ʁʽ ˍʶ˔˄ʽˁʷˌ ˃ʶˍʶˉʶ˅ʶˊʴʰˋʾʰˌ ˋˍˇ˄ ʆˎ˒˂ˈ ɲʽʰ˔˖ˊʽˋ˃ˈ ʊ˖˄˗˄ ʶʾ˄ʰʽ ˍʶ˔˄ʽˁʷˌ ˉˇˎ 
ʶ˒ʰˊ˃ˈʸˇ˄ˍʰʽ ˃ʶˍʱ ˍˇ ˉʷˊʰˌ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ʵʽʰ˔˖ˊʽˋ˃ˇˏ ʴʽʰ ˍʹ˄ ˉʶˊʶˍʰʾˊ˖ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ 
ˉˇʽˈˍʹˍʰˌ ˍ˖˄ ʶˁˍʽ˃˗˃ʶ˄˖˄ ˉʹʴ˗˄ ʺ ˍʹ˄ ʶˉʾˍʶˎ˅ʹ ˋˎʴˁʶˁˊʽ˃ʷ˄˖˄ ˋˍˈ˔˖˄Φ ɼʱˉˇʽʶˌ ˋˎ˔˄ʷˌ 
˃ʷʻˇʵˇʽ ˃ʶˍʶˉʶ˅ʶˊʴʰˋʾʰˌ ʶʾ˄ʰʽ ˇʽ ʶ˅ʺˌΥ 

o ɮ˄ʰˁʰˍʰˋˁʶˎʺ ʃʹʴ˗˄Υ 
ɳʱ˄ ˇʽ ˉʹʴʷˌ ˉˇˎ ˉˊˇˁˏ˕ˇˎ˄ ʵʶ˄ ʶʾ˄ʰʽ ˋˍʹ˄ ˁʰˍʱ˂˂ʹ˂ʹ ˃ˇˊ˒ʺ ʻʰ ˔ˊʶʽʰˋˍʶʾ ˃ʽʰ 
ʵʽʰʵʽˁʰˋʾʰ ʰ˄ʰˁʰˍʰˋˁʶˎʺˌ ˗ˋˍʶ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˄ʰ ʷˊʻˇˎ˄ ˋˍʹ ˃ˇˊ˒ʺ ˉˇˎ ˔ˊʶʽʱʸʶˍʰʽΦ 
 

o ʊʽ˂ˍˊʱˊʽˋ˃ʰΥ 
ɾʾʰ ʵʽʰʵʽˁʰˋʾʰ ˒ʽ˂ˍˊʰˊʾˋ˃ʰˍˇˌ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʹ ʴʽʰ ˍʹ˄ ʰˉˇˁˇˉʺ ˃ʹ- 
ʷʴˁˎˊ˖˄ ˋˎ˔˄ˇˍʺˍ˖˄ ˋˍˇ ˍʶ˂ʽˁˈ ʰˉˇˍʷ˂ʶˋ˃ʰΦ ɶ ʵʽʰʵʽˁʰˋʾʰ ˃ˉˇˊʶʾ ˄ʰ ˉʶˊʽˇˊʾˋʶʽ ˍˇ 
ʻˈˊˎʲˇ ˉˇˎ ʶ˃ˉʶˊʽʷ˔ʶˍʰʽ ˋˍʹ˄ ʷ˅ˇʵˇΦ 
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2 ɳˉʽ˂ʶ˔ʻʶʾˋʰ ˃ʷʻˇʵˇˌ 

ɱʽʰ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ˉʶʽˊʰ˃ʰˍʽˁʺˌ ʵʽʰʵʽˁʰˋʾʰˌ ʶˉʽ˂ʷ˔ʻʹˁʶ ʹ ɮ˄ʱ˂ˎˋʹ ɮ˄ʶ˅ʱˊˍʹˍ˖˄ 
ʅˎ˄ʽˋˍ˖ˋ˗˄ ˁʰʽΣ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˇʽ ʰ˂ʴˈˊʽʻ˃ˇʽ: ICA ɾʷʴʽˋˍʹˌ ɼˏˊˍ˖ˋʹˌ (Max-kurtosis ICA) 
ˁʰʽ ɱˊʺʴˇˊˇˎ ICA (Fast ICA). 

ɾʶˍʱ ˍˇ ˋˍʱʵʽˇ ˉʶʽˊʰ˃ʰˍʽˁʺˌ ʵʽʰʵʽˁʰˋʾʰˌΣ ʶˉʽ˂ʷ˔ʻʹˁʶ ˇ ʰ˂ʴˈˊʽʻ˃ˇˌ Fast ICA ʴʽʰ ˍʹ˄ 
ˎ˂ˇˉˇʾʹˋʹ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ. 

2.1 Independent Component Analysis 

ɶ ɮ˄ʱ˂ˎˋʹ ɮ˄ʶ˅ʱˊˍʹˍ˖˄ ʅˎ˄ʽˋˍ˖ˋ˗˄ ʺ Independent Component Analysis (ICA)Σ ˈˉ˖ˌ 
ʰ˄ʰ˒ʷˊʻʹˁʶ ˁʰʽ ˉʰˊʰˉʱ˄˖Σ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ˄ ʰ˂ʴˈˊʽʻ˃ˇ ˍˎ˒˂ˇˏ ʵʽʰ˔˖ˊʽˋ˃ˇˏ ˉʹʴ˗˄ BSS. 

ɾʾʰ ˉˊˇˋʷʴʴʽˋʹ ʴʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ ICA ʶʾ˄ʰʽ ˃ʶ ˃ʽʰ ʵʽʰʵʽˁʰˋʾʰ ˃ʶʴʽˋˍˇˉˇʾʹˋʹˌ ˍʹˌ ˃ʹ-
ɱˁʰˇˎˋˋʽʰ˄ˈˍʹˍʰˌΦ ɶ ˃ʹ-ɱˁʰˇˎˋˋʽʰ˄ˈˍʹˍʰ ʰˉˇˍʶ˂ʶʾ ˉˊˇːˉˈʻʶˋʹ ʴʽʰ ˍʹ˄ ˇˊʻʺ ˂ʶʽˍˇˎˊʴʾʰ 
ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ ICA ˁ ʰʻ˗ˌ ˔˖ˊʾˌ ʰˎˍʺ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ˎˉʱˊ˅ʶʽ ʵʽʰ˔˖ˊʽˋ˃ˈˌΦ ɱʽʰ ʰˎˍˈ ˍˇ ˂ˈʴˇΣ 
˃ˉˇˊʶʾ ˁʰʽ ˄ʰ ʰˉˇˍʶ˂ʷˋʶʽ ʲʰˋʽˁˈ ˁˊʽˍʺˊʽˇ ʴʽʰ ˍʹ˄ ˍʶ˂ʽˁʺ ʶˁˍʾ˃ʹˋʹ ˍ˖˄ ʵʽʰ˔˖ˊʽˋ˃ʷ˄˖˄ 
ˋʹ˃ʱˍ˖˄Φ 

2.1.1 ʃˊˇʶˉʶ˅ʶˊʴʰˋʾʰ 

ɼʱˉˇʽʰ ˋˍʱʵʽʰ ˉˊˇʶˉʶ˅ʶˊʴʰˋʾʰˌ ʶʾ˄ʰʽ ʺʵʹ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ʰ ˋˍˇ˄ ˁʱʻʶ ʰ˂ʴˈˊʽʻ˃ˇ ICA. 

2.1.1.1 ɼʶ˄ˍˊʱˊʽˋ˃ʰ ɲʶʵˇ˃ʷ˄˖˄ 

ʅˍʹ˄ ICA ʻʶ˖ˊʶʾˍʰʽ ˈˍʽ ˇʽ ˃ʶˍʰʲ˂ʹˍʷˌ ʶʽˋˈʵˇˎ ˁʰʽ ˇʽ ˎˉˇˁʶʾ˃ʶ˄ʶˌ ʰ˄ʶ˅ʱˊˍʹˍʶˌ ˋˎ˄ʽˋˍ˗ˋʶˌ 
ʷ˔ˇˎ˄ ˃ʹʵʶ˄ʽˁʺ ˃ʷˋʹ ˍʽ˃ʺΦ 

ɳʱ˄ ʰˎˍʺ ʹ ʻʶ˗ˊʹˋʹ ʵʶ˄ ʽˋ˔ˏʶʽ ˃ˉˇˊˇˏ˃ʶ ˄ʰ ˍʹ˄ ʶ˒ʰˊ˃ˈˋˇˎ˃ʶ ˃ʶ ˃ʽʰ ʰˉ˂ʺ ʵʽʰʵʽˁʰˋʾʰΣ ˍˇ 
ˁʶ˄ˍˊʱˊʽˋ˃ʰ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ όcentering) [3]. ɲʹ˂ʰʵʺΣ ˄ʰ ʰ˒ʰʽˊʷˋˇˎ˃ʶ ʰˉˈ ˍʽˌ 
ˉʰˊʰˍʹˊˇˏ˃ʶ˄ʶˌ ˃ʶˍʰʲ˂ʹˍʷˌ ˍʹ ˃ʷˋʹ ˍʽ˃ʺ ˍˇˎˌΦ 

ὼ ὼ Ὁὼ ρρ 

ɴˍˋʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ὼ ̄ ˊˇʶˉʶ˅ʶˊʴʱʸˇ˄ˍʰʽ ˃ʶ ˍʹ˄ ˉʰˊʰˉʱ˄˖ ˋˎ˄ʱˊˍʹˋʹ ˁʰʽΣ ˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰΣ 
ˇʽ ʰ˄ʶ˅ʱˊˍʹˍʶˌ ˃ʶˍʰʲ˂ʹˍʷˌ ˉˊˇˁˏˉˍˇˎ˄ ˄ʰ ʷ˔ˇˎ˄ ˁʽ ʰˎˍʷˌ ˃ʹʵʶ˄ʽˁʺ ˃ʷˋʹ ˍʽ˃ʺ ʶ˒ˈˋˇ˄ 
ʽˋ˔ˏʶʽΥ 

Ὁί  ὃ Ὁὼ ρς 

ʁ ˉʾ˄ʰˁʰˌ ʰ˄ʱ˃ʶʽ˅ʹˌ  ̈̄́ʰˊʰ˃ʷ˄ʶʽ ʾʵʽˇˌ ˁʰʽ ˃ʶˍʱ ˍʹ˄ ʵʽʰʵʽˁʰˋʾʰ ˂ʶˏˁʰ˄ˋʹˌΦ 



 

 ʅʶ˂ʾʵʰ 14 h ˉˈ 46 

 

ɳʽˁˈ˄ʰ 4 ɼˇʽ˄ʺ ɼʰˍʰ˄ˇ˃ʺ ˁʶ˄ˍˊʰˊʽˋ˃ʷ˄˖˄ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ [3] 

2.1.1.2 ɽʶˏˁʰ˄ˋʹ ʅʺ˃ʰˍˇˌ (Whitening) 

ɲˏˇ ˃ʶˍʰʲ˂ʹˍʷˌ ʶʾ˄ʰʽ ʰˋˎˋ˔ʷˍʽˋˍʶˌ ʰ˄ ˁʰʽ ˃ˈ˄ˇ ʰ˄ ʹ ˋˎ˄ʵʽʰˁˏ˃ʰ˄ˋʺ ˍˇˎˌ ʶʾ˄ʰʽ ʾˋʹ ˃ʶ ˃ʹʵʷ˄ 
[3]. 

ὧέὺώȟώ Ὁώȟώ Ὁώ
ρ
Ὁώ

ς
π ρσ 

ɾʾʰ ʶ˂ʰ˒ˊ˗ˌ ʽˋ˔ˎˊˈˍʶˊʹ ʽʵʽˈˍʹˍʰ ʰˉˈ ʰ˄ ʷ˄ʰ ʵʽʱ˄ˎˋ˃ʰ ɻ ʶʵˇ˃ʷ˄˖˄ ʶʾ˄ʰʽ ʰˋˎˋ˔ʷˍʽˋˍʰ ʶʾ˄ʰʽ 
ʰ˄ ʶʾ˄ʰʽ ˂ʶˎˁʱ. ɲ́ ˂ʰʵʺ ʴʽʰ ʷ˄ʰ ʵʽʱ˄ˎˋ˃ʰ ˃ʹʵʶ˄ʽˁʺˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍˇˎ ʶʾ˄ʰʽ 
ʰˋˎˋ˔ʷˍʽˋˍʰ ˁʰʽ ˇʽ ʵʽʰˋˉˇˊʷˌ ˍˇˎˌ ʶʾ˄ʰʽ ʾˋʶˌ ˃ʶ ˍʹ ˃ˇ˄ʱʵʰΦ ɱʽʰ ʷ˄ʰ ʵʽʱ˄ˎˋ˃ʰ ώ h ˎˍˈ ʽˋ˔ˏʶʽ 
ˈˍʰ˄ ʹ ʰˎˍˇˋˎˋ˔ʷˍʽˋʺ ˍˇˎ ʽˋˇˏˍʰʽ ˃ʶ ˍˇ˄ ˍʰˎˍˇˍʽˁˈ ˉʾ˄ʰˁʰΦ 

Ὁώώ ◦ ρτ  

ɴˍˋʽ ˂ʶˏˁʰ˄ˋʹ ˇ˄ˇ˃ʱʸˇˎ˃ʶ ˍˇ˄ ʴˊʰ˃˃ʽˁˈ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ὼΣ ˃ʶ ˍˇ˄ 
ʴˊʰ˃˃ʽˁˈ ˉˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈ ˍˇˎ ˃ʶ ˁʱˉˇʽˇ ˉʾ˄ʰˁʰ ╥, ̠ ˋˍʶ ˄ʰ ˉˊˇˁˏ˕ʶʽ ʷ˄ʰ ˂ʶˎˁˈ ˋʺ˃ʰ ᾀ. 

ᾀ ╥ ὼ ρυ 

ɶ ˂ʶˏˁʰ˄ˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʶʾ˄ʰʽ ˉʱ˄ˍʰ ʵˎ˄ʰˍʺ ˃ʶ ˍʹ ˔ˊʺˋʹ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ 
˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃˗˄Φ 

ɶ ˂ʶˏˁʰ˄ˋʹ ʶʾ˄ʰʽ ˔ˊʺˋʽ˃ʹ ˋˍʹ˄ ICA ˁ ʰʻ˗ˌ ˉˊˇˁˏˉˍʶʽ ʷ˄ʰˌ ˇˊʻˇʴ˗˄ʽˇˌ ˉʾ˄ʰˁʰˌ ʰ˄ʱ˃ʶʽ˅ʹˌ ═. 

Ὁᾀᾀ ═Ὁίί ═  ══ ╘ ρφ 
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ɳʽˁˈ˄ʰ 5 ɶ ˁˇʽ˄ʺ ˁʰˍʰ˄ˇ˃ʺ ˇ˃ˇʽˈ˃ˇˊ˒ʰ ˁʰˍʰ˄ʶ˃ʹ˃ʷ˄˖˄ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ˉˇˎ ʷ˔ˇˎ˄ ˎˉˇˋˍʶʾ 
˂ʶˏˁʰ˄ˋ[́3] 

2.1.2 Max-Kurtosis ICA 

ʁ ʰ˂ʴˈˊʽʻ˃ˇˌ ɾʶʴʽˋˍˇˉˇʾʹˋʹˌ ˍʹˌ ɼˏˊˍ˖ˋʹˌ ʴʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ ICA ʶˋˍʽʱʸʶʽ ˋˍʹ˄ 
ʶˏˊʶˋʹ ˍ˖˄ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ˋˎ˄ʽˋˍ˖ˋ˗˄ ˃ʶ ˍʹ ˃ʷʴʽˋˍʹ ˁˏˊˍ˖ˋʹΣ ˖ˌ ʷ˄ʰ ˋˍʰˍʽˋˍʽˁˈ ˃ʷˋˇ ʴʽʰ 
ˍʹ ˃ʹ-ɱˁʰˇˎˋʽʰ˄ˈˍʹˍʰ ʶ˄ˈˌ ˋʺ˃ʰˍˇˌ [3]. 

ɼˏˊˍ˖ˋʹ ˇ˄ˇ˃ʱʸʶˍʰʽ ʹ ˍʷˍʰˊˍʹˌ ˍʱ˅ʹˌ ʰʻˊˇʽˋˍʽˁʺ ˍʽ˃ʺ ˃ʽʰˌ ˍˎ˔ʰʾʰˌ ˃ʶˍʰʲ˂ʹˍʺˌΦ ɶ ˁˏˊˍ˖ˋʹ 
ˍˇˎ ώΣ ˃ʶ ˃ʷˋʹ ˍʽ˃ʺ ʾˋʹ ˃ʶ ˍˇ ˃ʹʵʷ˄ όˁʶ˄ˍˊʰˊʽˋ˃ʷ˄ˇύΣ ˇˊʾʸʶˍʰʽ ˖ˌΥ 

Ὧόὶὸώ Ὁώ σὉώ  ρχ 

ɶ ˁˏˊˍ˖ˋʹ ˃ʶˍˊʱʶʽ ˍˇ ˋ˔ʺ˃ʰ ˍʹˌ ˁʰˍʰ˄ˇ˃ʺˌ ˃ʾʰˌ ˍˎ˔ʰʾʰˌ ˃ʶˍʰʲ˂ʹˍʺˌ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˃ʾʰ 
ɱˁʰˇˎˋʽʰ˄ʺ ˁʰˍʰ˄ˇ˃ʺΦ ɾʾʰ ˃ʶʴʰ˂ˏˍʶˊʹ ˍʽ˃ʺ ˍʹˌ ˁˏˊˍ˖ˋʹˌ ˎˉˇʵʹ˂˗˄ʶʽ ˃ʾʰ ˁʰˍʰ˄ˇ˃ʺ ˃ʶ 
ˉʶˊʽˋˋˈˍʶˊʶˌ ˁˇˊˎ˒ʷˌ ˁʰʽ ζʲʰˊʽʷˌ ˇˎˊʷˌη όheavy-tailsύΣ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˃ʾʰ ɱˁʰˇˎˋʽʰ˄ʺ 
ˁʰˍʰ˄ˇ˃ʺΦ ɶ ˁˏˊˍ˖ˋʹ ʶʾ˄ʰʽ ˃ʹʵʷ˄ ʴʽʰ ˃ʾʰ ɱˁʰˇˎˋʽʰ˄ʺ ˍˎ˔ʰʾʰ ˃ʶˍʰʲ˂ʹˍʺ ˁʰʽ ˇ ʰ˂ʴˈˊʽʻ˃ˇˌ 
ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ˂ʶʽˍˇˎˊʴʺˋʶʽ ʴʽʰ ʵʶʵˇ˃ʷ˄ʰ ˃ʶ ʰ˄ˍʾˋˍˇʽ˔ʹ ˁʰˍʰ˄ˇ˃ʺΦ  

ʅˎ˄ʶˉ˗ˌΣ ʴʽʰ ˍʹ ˃ʶʴʽˋˍˇˉˇʾʹˋʹ ˍʹˌ ˃ʹ-ɱˁʰˇˎˋʽʰ˄ˈˍʹˍʰˌ ʰˉʰʽˍʶʾˍʰʽ ʹ ˃ʶʴʽˋˍˇˉˇʾʹˋʹ ˍʹˌ 
ˁˏˊˍ˖ˋʹˌ ˍ˖˄ ˎˉˇ˂ˇʴʽʸˈ˃ʶ˄˖˄ ˋˎ˄ʽˋˍ˖ˋ˗˄Φ ʅˍʹ˄ ˉˊʱ˅ʹΣ ˇ ʰ˂ʴˈˊʽʻ˃ˇˌ ˅ʶˁʽ˄ʱ ʰˉˈ ʷ˄ʰ 
ˍˎ˔ʰʾˇ ʵʽʱ˄ˎˋ˃ʰ ʲʰˊ˗˄ ύ, ˁʰʽ ˎˉˇ˂ˇʴʾʸʶʽ ˍʹ˄ ˁʰˍʶˏʻˎ˄ˋʹ ˋˍʹ˄ ˇˉˇʾʰ ʹ ʰˉˈ˂ˎˍʹ ˍʽ˃ʺ ˍʹˌ 
ˁˏˊˍ˖ˋʹˌ ˍˇˎ ώ  ύ ᾀ ˃ ʶʴʰ˂˗˄ʶʽ ˉʶˊʽˋˋˈˍʶˊˇΣ ʲʰˋʽʸˈ˃ʶ˄ˇˌ ˋˍʰ ʵʽʰʻʷˋʽ˃ʰ ʵʶʾʴ˃ʰˍʰ ˍˇˎ 
ʵʽʰ˄ˏˋ˃ʰˍˇˌ ˃ʶʾʴ˃ʰˍˇˌ ᾀ, ˁʰʽ ˃ʶˍʰˁʽ˄ʶʾ ˍˇ ʵʽʱ˄ˎˋ˃ʰ ύ ̄ ˊˇˌ ʶˁʶʾ˄ʹ ˍʹ˄ ˁʰˍʶˏʻˎ˄ˋʹΦ ɶ 
ˍʶ˔˄ʽˁʺ ʰˎˍʺ ʲʰˋʾʸʶˍʰʽ ˋˍʽˌ ˃ʶʻˈʵˇˎˌ ˁ˂ʾˋʶʽˌ ˁʰʽ ˍʽˌ ʶˉʶˁˍʱˋʶʽˌ ˍˇˎˌΦ 

ɶ ʵʽʰʵʽˁʰˋʾʰ ʰˎˍʺ ˋˎ˄ʶ˔ʾʸʶˍʰʽ ˃ʷ˔ˊʽ ˇ ʰ˂ʴˈˊʽʻ˃ˇˌ ˄ʰ ˋˎʴˁ˂ʾ˄ʶʽ ʶˁʶʾ ˉˇˎ ʹ ʰˉˈ˂ˎˍʹ ˍʽ˃ʺ ˍʹˌ 
ˁˏˊˍ˖ˋʹˌ ˃ʶʴʽˋˍˇˉˇʽʶʾˍʰʽΦ 

ʆˇ ˉ˂ʶˇ˄ʷˁˍʹ˃ʰ ʰˎˍʺˌ ˍʹˌ ˃ʶʻˈʵˇˎ ʶʾ˄ʰʽ ˈˍʽ ˇʽ ʶʾˋˇʵˇʽ ᾀ ˃ ˉˇˊˇˏ˄ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˋˍˇ˄ 
ʰ˂ʴˈˊʽʻ˃ˇ ˍʰˎˍˈ˔ˊˇ˄ʰΣ ʵʾ˄ˇ˄ˍʰˌ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ʰ˄ˍʰˉˇˁˊʾ˄ʶˍʰʽ ʴˊʺʴˇˊʰ ˋʶ ˃ʹ ˋˍʱˋʽ˃ˇ 
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ˉʶˊʽʲʱ˂˂ˇ˄Φ ʂ˃˖ˌ ˃ʾʰ ˍʷˍˇʽʰ ˃ʷʻˇʵˇˌ ʷ˔ʶʽ ʰˊʴˈ ˔ˊˈ˄ˇ ˋˏʴˁ˂ʽˋʹˌ ˁʰʽ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍʹ˄ 
ˇˊʻʺ ʶˉʽ˂ˇʴʺ ˍˇˎ ˊˎʻ˃ˇˏ ʁ ˁ˃ʱʻʹˋʹˌΣ ˇ ˇˉˇʾˇˌ ˃ˉˇˊʶʾ ˄ʰ ˁʰˍʰˋˍʺˋʶʽ ˍʹ ˋˏʴˁ˂ʽˋʹ ʰʵˏ˄ʰˍʹΦ 

ɱʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ h ˎˍˇˏ ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ ˎʽˇʻʶˍʶʾˍʰʽ ʷ˄ʰˌ ʰ˂ʴˈˊʽʻ˃ˇˌ ˁ˂ʾˋʹˌ ˍʹˌ ʰˉˈ˂ˎˍʹˌ 
ˍʽ˃ʺˌ ˍʹˌ ˁˏˊˍ˖ˋʹˌ ˍˇˎ ώ  ύ ᾀ: 

‬ȿὯόὶὸύ ᾀȿ

‬ύ
τίὭὫὲὯόὶὸύ ᾀ Ὁᾀύ ᾀ σύᴁύᴁ ρψ 

ʁ ˇˉˇʾˇˌ ʰˉ˂ˇˉˇʽʶʾˍʰʽ ˉʶˊʶˍʰʾˊ˖ ˖ˌΥ 

ῳύᶿίὭὫὲὯόὶὸύ ᾀὉᾀύ ᾀ  

ύᴺ
ύ

ᴁύᴁ
 ρω 

ɱʽʰ ˃ʾʰ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ˁˏˊˍ˖ˋʹˌ ‎ ́  ʶ˅ʾˋ˖ˋʹ ʴʾ˄ʶˍʰʽΥ 

ῳ‎ θ ύ ᾀ σ ‎ ςπ 

 

2.1.3 Fast ICA 

ɾʾʰ ˃ʷʻˇʵˇˌ ʴʽʰ ˄ʰ ˎ˂ˇˉˇʽʹʻʶʾ ʹ ˃ʱʻʹˋʹ ˉˇ˂ˏ ˍʰ˔ˏˍʶˊʰ ˁʰʽ ˉʽˇ ʰ˅ʽˈˉʽˋˍʰ ˁʰˍʰˋˁʶˎʱʸʶˍʰʽ 
ʷ˄ʰˌ ʴˊʺʴˇˊˇˌ ʰ˂ʴˈˊʽʻ˃ˇˌΣ ˋˍʰʻʶˊʺˌ ˎˉˇʵʽʰˋˍˇ˂ʺˌΣ ˇ˄ˇ˃ʰʸˈ˃ʶ˄ˇˌ Fast ICA [3]. 

ɱʽʰ ˄ʰ ʷ˔ˇˎ˃ʶ ˃ʽʰ ˉʽˇ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ʶˉʰ˄ʱ˂ʹ˕ʹΣ ˋˍʰʻʶˊʺˌ ˎˉˇʵʽʰˋˍˇ˂ʺˌΣ ˋʹ˃ʶʽ˗˄ˇˎ˃ʶ 
ˋʶ ʷ˄ʰ ˋˍʰʻʶˊˈ ˋʹ˃ʶʾˇ ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ ˁ˂ʾˋʹˌ ˈˍʽ ʹ ˁ˂ʾˋʹ ˉˊʷˉʶʽ ˄ʰ ʵʶʾ˔˄ʶʽ ˋˍʹ ˁʰˍʶˏʻˎ˄ˋʹ 
ˍˇˎ ύ, ʵʹ˂ʰʵʺ ʹ ˁ˂ʾˋʹ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ʾˋʹ ˃ʶ ύ ʁ ˉʾ ˃ʾʰ ˁʱˉˇʽʰ ˋˍʰʻʶˊʱΦ ɳ˅ʽˋ˗˄ˇ˄ˍʰˌ ˍʹ˄ 
ˁ˂ʾˋʹ ˍʹˌ ˁˏˊˍ˖ˋʹˌ ˃ʶ ύ, ˃  ʁˁ ˊʽˍʺˊʽˇ ˋˏʴˁ˂ʽˋʹˌ ˍʹ ˃ʶʴʽˋˍˇˉˇʾʹˋʹ ˍʹˌ ˃ʹ-ɱˁʰˇˎˋʽʰ˄ˈˍʹˍʰˌΣ 
ˉˊˇˁˏˉˍʶʽΥ 

ύ θ Ὁᾀύ ᾀ   σᴁύᴁύ ςρ 

ɲʹ˂ʰʵʺ ˉˊʷˉʶʽ ˄ʰ ˎˉˇ˂ˇʴʾˋˇˎ˃ʶ ˍʹ ʵʶ˅ʽʱ ˍʽ˃ʺ ˍʹˌ ʶ˅ʾˋ˖ˋʹˌ ˁʰʽ ˄ʰ ˍʹ˄ ʰ˄ʰʻʷˋˇˎ˃ʶ ˋˍˇ ύ. 

ύᴺὉᾀύ ᾀ σύ ςς 

ʆˇ ᴁύᴁ ρ ̌ ˉˈˍʶ ˉʰˊʰ˂ʶʾˉʶˍʰʽΦ 

ɴ˄ʰˌ ˍʷˍˇʽˇˌ ʰ˂ʴˈˊʽʻ˃ˇˌ ˂ʶʽˍˇˎˊʴʶʾ ʰˊˁʶˍʱ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʱΣ ˃ʶ ˃ʾʰ ʴˊʺʴˇˊʹ ˁʰʽ ʰ˅ʽˈˉʽˋˍʹ 
ˋˏʴˁ˂ʽˋʹΦ 

ʆʰ ʲʺ˃ʰˍʰ ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ ʶʾ˄ʰʽΥ 

o ɶ ʶˉʽ˂ˇʴʺ ʶ˄ˈˌ ˍˎ˔ʰʾˇˎ ʵʽʰ˄ˏˋ˃ʰˍˇˌ ʲʰˊ˗˄ w 
o ʇˉˇ˂ˇʴʽˋ˃ˈˌ ˄ʷʰˌ ˍʽ˃ʺˌ ʲʰˊ˗˄ ʾˋˇˌ ˃ʶ ˍʹ ˋˎ˄ʱˊˍʹˋʹ όннύ 

o ɮ˄ʱʻʶˋʹ ύᴺ
ᴁ ᴁ

 

o ɳ˂ʷʴ˔ˇˎ˃ʶ ʴʽʰ ˋˏʴˁ˂ʽˋʹ ˁ ʽ ʰ˄ ʵʶ˄ ʽˋ˔ˏʶʽ ˉʱ˃ʶ ˉʱ˂ʽ ˋˍˇ нˇ ̡ ʺ˃ʰ 
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ɳʽˁˈ˄ʰ 6 ɴ˄ʰˌ ʰˉ˂ˈˌ ʰ˂ʴˈˊʽʻ˃ˇˌ Fast ICA [12] 

3 ʃʶʽˊʰ˃ʰˍʽˁʺ ʵʽʰʵʽˁʰˋʾʰ  

ɱʽʰ ˍʹ˄ ˁʰ˂ˏˍʶˊʹ ˁʰˍʰ˄ˈʹˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ʵʽʰ˔˖ˊʽˋ˃ˇˏ ˍʰˎˍˈ˔ˊˇ˄˗˄ 
ˇ˃ʽ˂ʹˍ˗˄ ˁʰˍʰˋˁʶˎʱˋˍʹˁʶ ˃ʾʰ ˋʶʽˊʱ ˉʶʽˊʰ˃ʱˍ˖˄ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʹ a!¢[!.Φ ʅˍʹ 
ˋˎ˄ʷ˔ʶʽʰΣ ˍʰ ˉʶʽˊʱ˃ʰˍʰ ʰˎˍʱ ʻʰ ʰ˅ʽˇ˂ˇʴʹʻˇˏ˄ ˗ˋˍʶ ˄ʰ ʶˉʽ˂ʶ˔ʻʶʾ ˇ ˁʰˍʰ˂˂ʹ˂ˈˍʶˊˇˌ 
ʰ˂ʴˈˊʽʻ˃ˇˌ ˋˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍˇˎ ˃ʽˊˇːˉˇ˂ˇʴʽˋˍʽˁˇˏ ˋˎˋˍʺ˃ˋˍˇˌΦ ɸʶ˖ˊʺʻʹˁʰ˄ ʵʽʱ˒ˇˊʰ 
ˋʶ˄ʱˊʽʰ ˉʹʴ˗˄ ʺ˔ˇˎ ˁʰʽΣ ˎ˂ˇˉˇʽ˗˄ˍʰˌ ʵˏˇ ʵʽʰ˒ˇˊʶˍʽˁˇˏˌ ʰ˂ʴˇˊʾʻ˃ˇˎˌ Independent 
Component AnalysisΣ ˉʰˊʰˍʹˊʺʻʹˁʰ˄ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʵʽʰ˔˖ˊʽˋ˃ˇˏ ˍˇˎˌΦ ʁʽ ʰ˂ʴˈˊʽʻ˃ˇʽ 
ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʶʾ˄ʰʽ ˇʽ FastICA ˁ ʰʽ kICA. 

ʅˍˇ ˁʱʻʶ ˉʶʾˊʰ˃ʰ ʻʶ˖ˊʶʾˍʰʽ ʷ˄ʰ ʽʵʰ˄ʽˁˈ ˉʶˊʽʲʱ˂˂ˇ˄ ˃ʶ ˃ʽˁˊˈ˒˖˄ʰ ˁʰʽ ˃ʹʵʶ˄ʽˁʺ ʹ˔˗Φ ʆˇ 
ˁʱʻʶ ˃ʽˁˊˈ˒˖˄ˇ ʲˊʾˋˁʶˍʰʽ ˃ˉˊˇˋˍʱ ʰˉˈ ˃ʾʰ ˉʹʴʺ ʺ˔ˇˎΦ ɲˏˇ ̄ ʹʴʷˌ ʺ˔ˇˎ ʰ˄ʰ˃ʶʽʴ˄ˏˇ˄ˍʰʽ ˋʶ 
ʵʽʱ˒ˇˊˇˎˌ ˂ˈʴˇˎˌ ˁʰʽ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹˌ ʰ˄ʱ˃ʶʽ˅ʹˌ ʵʾ˄ʶˍʰʽ ˋˍˇ˄ ˁʱʻʶ ʰ˂ʴˈˊʽʻ˃ ̌ˉˊˇˌ 
ʵʽʰ˔˖ˊʽˋ˃ˈ. 

ɱʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍ˖˄ ˉʶʽˊʰ˃ʱˍ˖˄ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˖ˌ ζˇ˃ʽ˂ʹˍʷˌη ʰˊ˔ʽˁʱΣ ʵʽʱ˒ˇˊʰ ʺʵʹ 
˃ˇˎˋʽˁʺˌ [3]ˁʰʽ ʷˉʶʽˍʰΣ ˁˇ˃˃ʱˍʽʰ ˋˎʸʹˍʺˋʶ˖˄ ˉˇˎ ʰ˄ˍ˂ʺʻʹˁʰ˄ ʰˉˈ ˍʹ ʲʽʲ˂ʽˇʻʺˁʹ ¢ƛƳƛǘ [13]. 
ɶ ¢ƛƳƛǘ ʶʾ˄ʰʽ ˃ʾʰ ʲʱˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˉʶˊʽʷ˔ʶʽ ʰˉˇˁˈ˃˃ʰˍʰ ˋˎʸʹˍʺˋʶ˖˄ ʰʴʴ˂ˈ˒˖˄˖˄ 
ˇ˃ʽ˂ʹˍ˗˄ ʵʽʰ˒ˈˊ˖˄ ʵʽʰ˂ʷˁˍ˖˄ ˁʰʽ ˍ˖˄ ʵˏˇ ˒ˏ˂˖˄Φ 

ɼʱʻʶ ˉʶʾˊʰ˃ʰ ˎ˂ˇˉˇʽʶʾˍʰʽ ˋʶ ʶˉˍʱ ɻ ʽʰ˒ˇˊʶˍʽˁʱ ˋʶ˄ʱˊʽʰ ̄ ˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ : 

o ʅʶ˄ʱˊʽˇ 1: ɲˏˇ ɾʽˁˊˈ˒˖˄ʰΦ ʁʽ ˉʹʴʷˌ ʺ˔ˇˎ ʰ˄ʰˉʰˊʱʴˇˎ˄ ʵˏˇ ˁˇ˃˃ʱˍʽʰ 
ʵʽʰ˒ˇˊʶˍʽˁˇˏ ʶʾʵˇˎˌ ˃ˇˎˋʽˁʺ.̩ 

o ʅʶ˄ʱˊʽˇ н: ɲˏˇ ɾʽˁˊˈ˒˖˄ʰΦ ʅʶ ˃ʾʰ ̄ ʹʴʺ ʺ˔ˇˎ ʰ˄ʰˉʰˊʱʴʶˍʰʽ ˃ ˇˎˋʽˁʺ ˁʰʽ ˋˍʹ˄ ɦ ˂˂ʹ 
ʲˊʾˋˁʶˍʰʽ ʷ˄ʰˌ ˍˎ˔ʰʾˇˌ ˇ˃ʽ˂ʹˍʺˌ. 

o ʅʶ˄ʱˊʽˇ о: ʆʷˋˋʶˊʰ ɾʽˁˊˈ˒˖˄ʰΦ ʅʶ ˃ʾʰ ˉʹʴʺ ʺ˔ˇˎ ʰ˄ʰˉʰˊʱʴʶˍʰʽ ˃ˇˎˋʽˁʺ ˁʰʽ ˋˍʹ˄ 
ʱ˂˂ʹ ʲˊʾˋˁʶˍʰʽ ʷ˄ʰˌ ˍˎ˔ʰʾˇˌ ˇ˃ʽ˂ʹˍʺˌΦ 

o ʅʶ˄ʱˊʽˇ п: ɲˏˇ ɾʽˁˊˈ˒˖˄ʰΦ ʃʹʴʷˌ ʺ˔ˇˎ ʵˏˇ ˍˎ˔ʰʾ˖˄ ˇ˃ʽ˂ʹˍ˗˄ ʵʽʰ˒ˇˊʶˍʽˁˇˏ 
˒ˏ˂̌ˎ. 

o ʅʶ˄ʱˊʽˇ 5: ʆʷˋˋʶˊʰ ɾʽˁˊˈ˒˖˄ʰΦ ʃʹʴʷˌ ʺ˔ˇˎ ʵˏˇ ˍˎ˔ʰʾ˖˄ ˇ˃ʽ˂ʹˍ˗˄ ʵʽʰ˒ˇˊʶˍʽˁˇˏ 
˒ˏ˂ˇˎ. 

o ʅʶ˄ʱˊʽʰ 6-7: ɳˉʰ˄ʱ˂ʹ˕ʹ ˋʶ˄ʰˊʾ˖˄ 4-5 ˃ʶ ˉʹʴʷˌ ʺ˔ˇˎ ʵˏˇ ˍˎ˔ʰʾ˖˄ ˇ˃ʽ˂ʹˍ˗˄ ʾʵʽˇˎ 
˒ˏ˂ˇˎ. 

3.1 ɲʽʰ˔˖ˊʽˋ˃ˈˌ ˃ʶ Max-Kurtosis ICA 

ɱʽʰ ˍˇ˄ ʰ˂ʴˈˊʽʻ˃ˇ Max-Kurtosis ICA ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˍˇ ʺʵʹ ˎˉʱˊ˔˖˄ ˉʰˁʷˍˇ ˍʹˌ a!¢[!. 
ζt/! ŀƴŘ L/! tŀŎƪŀƎŜη ˍˇˎ .Ǌƛŀƴ aƻƻǊŜ [14]Φ ʃʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʹ 
ˋˎ˄ʱˊˍʹˋʹ kL/!ό½Σ ǊΣ ǘȅǇŜΣ ŦƭŀƎύ ʹ ˇˉˇʾʰ ˎ˂ˇˉˇʽʶʾ ʷ˄ʰ˄ ʰˉˈ ˍˇˎˌ ʰ˂ʴˇˊʾʻ˃ˇˎˌ ζLƴŘŜǇŜƴŘŜƴǘ 
/ƻƳǇƻƴŜƴǘ !ƴŀƭȅǎƛǎη ˉˇˎ ˉˊˇˍʱʻʹˁʶ ʰˉˈ ˍˇˎˌ  IȅǾŅǊƛƴŜƴΣ !ŀǇƻΣ ˁʰʽ 9Ǌƪƪƛ hƧŀ[12]. 



 

 ʅʶ˂ʾʵʰ 18 h ˉˈ 46 

3.1.1 ʅʶ˄ʱˊʽʰ ɲʽʰ˔˖ˊʽˋ˃ˇˏ 

3.1.1.1 ʅʶ˄ʱˊʽˇ м 

ɶ ʰˉʶʽˁˈ˄ʽˋʹ ˍ˖˄ ʰˁˇˎˋˍʽˁ˗˄ ˋʹ˃ʱˍ˖˄ ˉˊʽ˄ ˍʹ˄ ʰ˄ʱ˃ʶʽ˅ʹ  ˁʰʽ ʷˉʶʽˍʰ ˍˇ˄ ʵʽʰ˔˖ˊʽˋ˃ˈ ˍˇˎˌ 
ʵʾ˄ʶˍʰʽ ˉʰˊʰˁʱˍ˖Φ 

 

ɳʽˁˈ˄ʰ 7 ɮˊ˔ʽˁʱ ˁʰʽ ʶˁˍʽ˃˗˃ʶ˄ʰ ˋʺ˃ʰˍʰ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ƪL/!όύ ˋˍˇ ˋʶ˄ʱˊʽˇ м 

ʃʰˊʰˍʹˊʶʾˍʰʽ ʽˁʰ˄ˇˉˇʽʹˍʽˁˈˌ ʵʽʰ˔˖ˊʽˋ˃ˈˌΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ʶˉʽʲʶʲʰʽ˗˄ʶˍʰʽ ʰˉˈ ˍʰ SNR ˍ˖˄ 
ʶˁˍʽ˃˗˃ʶ˄˖˄ ˋʹ˃ʱˍ˖˄Σ ˍʰ ˇˉˇʾʰ ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ˋˍʰ 52.80dB ˁ ʰʽ 48.61dB. 

3.1.1.2 ʅʶ˄ʱˊʽˇ н 

ʅˍˇ ʾʵʽˇ ˉʶˊʽʲʱ˂˂ˇ˄ н ˃ʽˁˊˇ˒˗˄˖˄ ˍˇˉˇʻʶˍˇˏ˃ʶ ˉ˂ʷˇ˄ ˃ʾʰ ˉʹʴʺ ˃ˇˎˋʽˁʺˌ [15] ˁʰʽ ʷ˄ʰ˄ 
ˍˎ˔ʰʾˇ ˇ˃ʽ˂ʹˍʺ [13]. 

ʅʶ ʰˎˍʺ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉʰˊʰˍʹˊʶʾˍʰʽ ˂ʽʴˈˍʶˊˇ ʽˁʰ˄ˇˉˇʽʹˍʽˁˈˌ ʵʽʰ˔˖ˊʽˋ˃ˈˌ ˋ˔ʶˍʽˁʱ ˃ʶ ˍˇ 
ʅʶ˄ʱˊʽˇ м ʰ˂˂ʱ ʰˁˈ˃ʹ ʶʾ˄ʰʽ ˅ʶˁʱʻʰˊˇˌ ˇ ʵʽʰ˔˖ˊʽˋ˃ˈˌΦ  



 

 ʅʶ˂ʾʵʰ 19 h ˉˈ 46 

 

ɳʽˁˈ˄ʰ 8 ɮˊ˔ʽˁʱ ˁʰʽ ʶˁˍʽ˃˗˃ʶ˄ʰ ˋʺ˃ʰˍʰ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ƪL/!όύ ˋˍˇ ˋʶ˄ʱˊʽˇ 2 

ʆʰ SNR ̱ ˖˄ ʶˁˍʽ˃˗˃ʶ˄˖˄ ˋʹ˃ʱˍ˖˄ ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ˋˍʰ 44.97dB ˁ ʰʽ 43.66dB. 

3.1.1.3 ʅʶ˄ʱˊʽˇ о 

ɮˁˇ˂ˇˎʻʶʾˍʰʽ ʹ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ʵʽʰʵʽˁʰˋʾʰ ʰ˄ʱ˃ʶʽ˅ʹˌ ʶ˄ˈˌ ˋʺ˃ʰˍˇˌ ˃ˇˎˋʽˁʺˌ ˃ʶ ʷ˄ʰ ˁˇ˃˃ʱˍʽ 
ˇ˃ʽ˂ʾʰˌΦ ʃ˂ʷˇ˄ ˈ˃˖ˌΣ ʰˎ˅ʱ˄ʶˍʰʽ ˇ ʰˊʽʻ˃ˈˌ ζ˃ʽˁˊˇ˒˗˄˖˄η ˋˍˇ ˔˗ˊˇΦ 

 

ɳʽˁˈ˄ʰ 9 ɮˊ˔ʽˁʱ ˁʰʽ ʶˁˍʽ˃˗˃ʶ˄ʰ ˋʺ˃ʰˍʰ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ƪL/!όύ ˋˍˇ ˋʶ˄ʱˊʽˇ 3 

ʂˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˋˍʹ˄ ˉʰˊʰˉʱ˄˖ ʶʽˁˈ˄ʰ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ ʶʾ˄ʰʽ ˃ʽʴʰʵʽˁʱΦ ʆˇ 
ʾʵʽˇ ˉˊˇˁˏˉˍʶʽ ˁʰʽ ʴʽʰ ˍʰ ˋʶ˄ʱˊʽʰ р ˁʰʽ тΦ ɳʱ˄ ʰˉˈ ʰˎˍʱ ʶ˅ʰ˔ʻˇˏ˄ ˍʰ ˉˊʰʴ˃ʰˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ 
ˉˊˇˁˏˉˍˇˎ˄ ˇʽ ʶ˅ʺˌ ˁˎ˃ʰˍˇ˃ˇˊ˒ʷˌ ɹ ʽʰ ˍʰ ˍˊʾʰ ʵʽʰ˒ˇˊʶˍʽˁʱ ˋʶ˄ʱˊʽʰ. 



 

 ʅʶ˂ʾʵʰ 20 h ˉˈ 46 

 

ɳʽˁˈ˄ʰ 10 ɮˊ˔ʽˁʱ ˁʰʽ ʶˁˍʽ˃˗˃ʶ˄ʰ ˋʺ˃ʰˍʰ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ƪL/!όύ ˋˍˇ ˋʶ˄ʱˊʽˇ оΣ ˉˊʰʴ˃ʰˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ 

ʆʰ SNR ˍ˖˄ ʶˁˍʽ˃˗˃ʶ˄˖˄ ˋʹ˃ʱˍ˖˄ ʴʽʰ ˍˇ ˋʶ˄ʱˊʽˇ о ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ˋˍʰ мΦмрdB ˁʰʽ -4.87dB. 
ɳˉˇ˃ʷ˄˖ˌΣ ˇ ʵʽʰ˔˖ˊʽˋ˃ˈˌ ʶʾ˄ʰʽ ʰˉˇˍˎ˔ʹ˃ʷ˄ˇˌΦ 

 

ɳʽˁˈ˄ʰ 11 ɮˊ˔ʽˁʱ ˁʰʽ ʶˁˍʽ˃˗˃ʶ˄ʰ ˋʺ˃ʰˍʰ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ƪL/!όύ ˋˍˇ ˋʶ˄ʱˊʽˇ 5, ̄ ˊʰʴ˃ʰˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ 

ʆʰ SNR ˍ˖˄ ʶˁˍʽ˃˗˃ʶ˄˖˄ ˋʹ˃ʱˍ˖˄ ʴʽʰ ˍˇ ˋʶ˄ʱˊʽˇ р ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ˋˍʰ мпΦрфdB ˁʰʽ уΦсрdB. ʁ 
ʵʽʰ˔˖ˊʽˋ˃ˈˌ ˋˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˉʶˊʾˉˍ˖ˋʹ ʶʾ˄ʰʽ ˂ʾʴˇ ˁʰ˂ˏˍʶˊˇˌ ʰ˂˂ʱ ʰˁˈ˃ʹ ˉʰˊʰ˃ʷ˄ʶʽ 
ʶ˂˂ʶʽˉʺˌΦ 

 



 

 ʅʶ˂ʾʵʰ 21 h ˉˈ 46 

 

ɳʽˁˈ˄ʰ 12 ɮˊ˔ʽˁʱ ˁʰʽ ʶˁˍʽ˃˗˃ʶ˄ʰ ˋʺ˃ʰˍʰ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ƪL/!όύ ˋˍˇ ˋʶ˄ʱˊʽˇ 7Σ ˉˊʰʴ˃ʰˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ 

ʆʰ SNR ˍ˖˄ ʶˁˍʽ˃˗˃ʶ˄˖˄ ˋʹ˃ʱˍ˖˄ ʴʽʰ ˍˇ ˋʶ˄ʱˊʽˇ т ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ˋˍʰ 32.14dB ˁʰʽ 6.03dB. ʁ 
ʵʽʰ˔˖ˊʽˋ˃ˈˌ ʶʾ˄ʰʽ ˇ ̡̫ ˂ˍʽˋˍˇˌ ʰˉˈ ʰˎˍʺ ˍʹ ˋʶʽˊʱ ˉʶʽˊʰ˃ʱˍ˖˄ ʰ˂˂ʱ ʶ˃˒ʰ˄ʾʸʶʽ ˇˊʻʱ ʷ˄ʰ ʰˉˈ 
ˍʰ ʵˏˇ ˋʺ˃ʰˍʰ. 

ɼʰʽ ˋˍʰ о ˋʶ˄ʱˊʽʰ ˇ ʵʽʰ˔˖ˊʽˋ˃ˈˌ ʵʶ˄ ʶʾ˄ʰʽ ʰˊˁʶˍʱ ʽˁʰ˄ˇˉˇʽʹˍʽˁˈˌΦ  

3.1.1.4 ʅʶ˄ʱˊʽˇ п 

 

ɳʽˁˈ˄ʰ 13 ɮˊ˔ʽˁʱ ˁʰʽ ʶˁˍʽ˃˗˃ʶ˄ʰ ˋʺ˃ʰˍʰ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ƪL/!όύ ˋˍˇ ˋʶ˄ʱˊʽˇ 4 

ʃʰˊʰˍʹˊʶʾˍʰʽ ˉ˖ˌ ˇ ʵʽʰ˔˖ˊʽˋ˃ˈˌ ˇ˃ʽ˂ʹˍ˗˄Σ ʰˍˈ˃˖˄ ʵʽʰ˒ˇˊʶˍʽˁˇˏ ˒ˏ˂ˇˎ ʶʾ˄ʰʽ ʰˊˁʶˍʱ 
ʽˁʰ˄ˇˉˇʽʹˍʽˁʺ ˁʰʽ ʵʶ˄ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʷ˄ˍˇ˄ʹ ʰ˄ʱ˃ʶʽ˅ʹ ˍ˖˄ ˋʹ˃ʱˍ˖˄ ˋˍˇ ˍʶ˂ʽˁˈ ʰˉˇˍʷ˂ʶˋ˃ʰΦ 

ʆʰ SNR ̱ ˖˄ ʶˁˍʽ˃˗˃ʶ˄˖˄ ˋʹ˃ʱˍ˖˄ ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ˋˍʰ 25.06dB ˁ ʰʽ 27.83dB. 



 

 ʅʶ˂ʾʵʰ 22 h ˉˈ 46 

3.1.1.5 ʅʶ˄ʱˊʽˇ с 

 

ɳʽˁˈ˄ʰ 14 ɮˊ˔ʽˁʱ ˁʰʽ ʶˁˍʽ˃˗˃ʶ˄ʰ ˋʺ˃ʰˍʰ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ƪL/!όύ ˋˍˇ ˋʶ˄ʱˊʽˇ 6 

ʃʰˊʰˍʹˊʶʾˍʰʽ ˉ˖ˌ ˇ ʵʽʰ˔˖ˊʽˋ˃ˈˌ ˇ˃ʽ˂ʹˍ˗˄Σ ʰˍˈ˃˖˄ ʾʵʽˇˎ ˒ˏ˂ˇˎ ʶʾ˄ʰʽ ʰˊˁʶˍʱ 
ʽˁʰ˄ˇˉˇʽʹˍʽˁʺ ˁʰʽ ʵʶ˄ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʷ˄ˍˇ˄ʹ ʰ˄ʱ˃ʶʽ˅ʹ ˍ˖˄ ˋʹ˃ʱˍ˖˄ ˋˍˇ ˍʶ˂ʽˁˈ ʰˉˇˍʷ˂ʶˋ˃ʰΦ 

ʆʰ SNR ̱ ˖˄ ʶˁˍʽ˃˗˃ʶ˄˖˄ ˋʹ˃ʱˍ˖˄ ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ˋˍʰ 36.67dB ˁ ʰʽ 45.99dB. 

3.2 ɲʽʰ˔˖ˊʽˋ˃ˈˌ ˃ʶ fastICA 

ɱʽʰ ˍˇ˄ ʰ˂ʴˈˊʽʻ˃ˇ FastL/! ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˍˇ ʺʵʹ ˎˉʱˊ˔˖˄ ˉʰˁʷˍˇ ˍʹˌ a!¢[!. ζt/! ŀƴŘ 
L/! tŀŎƪŀƎŜη ˍˇˎ .Ǌƛŀƴ aƻƻǊŜ [14]Φ ʃʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʹ ˋˎ˄ʱˊˍʹˋʹ 
ŦŀǎǘL/!ό½Σ ǊΣ ǘȅǇŜΣ ŦƭŀƎύ ʹ ˇˉˇʾʰ ˎ˂ˇˉˇʽʶʾ ʷ˄ʰ˄ ʰˉˈ ˍˇˎˌ ʰ˂ʴˇˊʾʻ˃ˇˎˌ «Independent 
Component Analysis» ˉˇˎ ˉˊˇˍʱʻʹˁʶ ʰˉˈ ˍˇˎˌ  IȅǾŅǊƛƴŜƴΣ !ŀǇƻΣ ˁʰʽ 9Ǌƪƪƛ hƧŀ[12]Φ ʁ 
ʰ˂ʴˈˊʽʻ˃ˇˌ ʰˎˍˈˌ ʻʶ˖ˊʶʾ ˁʱˉˇʽʰ ʰˊ˔ʽˁʱ ˍˎ˔ʰʾʰ ʵʶʵˇ˃ʷ˄ʰ ˖ˌ ˍˇ˄ ˉʾ˄ʰˁʰ ² ˁʰʽ ʷˉʶʽˍʰΣ 
ʵʽˇˊʻ˗˄ʶʽ ʶˉʰ˄ʶʽ˂ʹ˃˃ʷ˄ʰ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʷ˖ˌ ˈˍˇˎ ˄ʰ ˃ʶʴʽˋˍˇˉˇʽʹʻʶʾ ʹ ʰˉˈˁ˂ʽˋʹ ˍ˖˄ 
ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ ˃ʽʰ ɱˁʰˇˎˋʽʰ˄ʺΦ 

3.2.1 ʅʶ˄ʱˊʽʰ ɲʽʰ˔˖ˊʽˋ˃ˇˏ 

3.2.1.1 ʅʶ˄ʱˊʽˇ м 

ʃʰˊʰˁʱˍ˖ ʵʾ˄ʶˍʰʽ ́  h ˉʶʽˁˈ˄ʽˋʹ ˍ˖˄ ʰˁˇˎˋˍʽˁ˗˄ ˋʹ˃ʱˍ˖˄ ˉˊʽ˄ ˍʹ˄ ʰ˄ʱ˃ʶʽ˅ʹ  ˁʰʽ ʷˉʶʽˍʰ ˍˇ˄ 
ʵʽʰ˔˖ˊʽˋ˃ˈ ˍˇˎˌΦ 



 

 ʅʶ˂ʾʵʰ 23 h ˉˈ 46 

 

ɳʽˁˈ˄ʰ 15 ɮˊ˔ʽˁʱ ˁʰʽ ʶˁˍʽ˃˗˃ʶ˄ʰ ˋʺ˃ʰˍʰ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ŦŀǎǘL/!όύ ˋˍˇ ˋʶ˄ʱˊʽˇ м 

ʁ ʵʽʰ˔˖ˊʽˋ˃ˈˌ ˍ˖˄ ˋʹ˃ʱˍ˖˄ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʰ˂˂ʱ ˈ˔ʽ ˍˈˋˇ ʽˁʰ˄ˇˉˇʽʹˍʽˁʱ ˁʰʻ˗ˌ ʶʾ˄ʰʽ 
ʶ˃˒ʰ˄ʺˌ ʹ ˃ʾ˅ʹ ˋʹ˃ʱˍ˖˄ ˋˍˇ ˍʶ˂ʽˁˈ ʰˉˇˍʷ˂ʶˋ˃ʰΦ  

ʆˇ ʴʶʴˇ˄ˈˌ ʰˎˍˈ ʶˉʽˁˎˊ˗˄ʶˍʰʽ ˁʰʽ ʰˉˈ ˍʰ SNR ˍ˖˄ ʶˁˍʽ˃˗˃ʶ˄˖˄ ˋʹ˃ʱˍ˖˄ ˉˇˎ ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ 
ˋˍʰ 19.18dB ˁ ʰʽ мф.06dB. 

3.2.1.2 ʅʶ˄ʱˊʽˇ н 

ʅʶ ʰˎˍʺ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉʰˊʰˍʹˊʶʾˍʰʽ ʰˋˍʱʻʶʽʰ ˋˍˇ ʵʽʰ˔˖ˊʽˋ˃ˈΦ ʅʶ ˁʱˉˇʽʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌ 
ˉˊˇˁˏˉˍʶʽ ʰˉˇˍʷ˂ʶˋ˃ʰ ˃ʶ ˃ʶʴʰ˂ˏˍʶˊʹ ˃ʾ˅ʹ ˋʹ˃ʱˍ˖˄ ˁʰʽ ˃ʾʰ ˍʱˋʹ ˋˍʹ ʵʽʰˍʺˊʹˋʹ ˍˇˎ 
ˋʺ˃ʰˍˇˌ ˇ˃ʽ˂ʾʰˌ ˁʰʽ ˁʱˁʽˋˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʵʽʰ˔˖ˊʽˋ˃ˇˏΣ ʶ˄˗ ˋʶ ʱ˂˂ʶˌ ʴʾ˄ʶˍʰʽ ˁʰ˄ˇ˄ʽˁʱ ˇ 
ʵʽʰ˔˖ˊʽˋ˃ˈˌΦ 

 

ɳʽˁˈ˄ʰ 16  ɮˊ˔ʽˁʱ ˁʰʽ ʶˁˍʽ˃˗˃ʶ˄ʰ ˋʺ˃ʰˍʰ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ŦŀǎǘL/!όύ ˋˍˇ ˋʶ˄ʱˊʽˇ н ʰˉˇˍʷ˂ʶˋ˃ʰ м 



 

 ʅʶ˂ʾʵʰ 24 h ˉˈ 46 

ʆʰ SNR ˍ˖˄ ʶˁˍʽ˃˗˃ʶ˄˖˄ ˋʹ˃ʱˍ˖˄ ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ˋˍʰ л.11dB ˁʰʽ 0.13dB ˋˍʹ˄ ˉˊ˗ˍʹ 
ˉʶˊʾˉˍ˖ˋʹ.  

 

ɳʽˁˈ˄ʰ 17  ɮˊ˔ʽˁʱ ˁʰʽ ʶˁˍʽ˃˗˃ʶ˄ʰ ˋʺ˃ʰˍʰ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ŦŀǎǘL/!όύ ˋˍˇ ˋʶ˄ʱˊʽˇ н ʰˉˇˍʷ˂ʶˋ˃ʰ 2 

ʆʰ SNR ˍ˖˄ ʶˁˍʽ˃˗˃ʶ˄˖˄ ˋʹ˃ʱˍ˖˄ ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ˋˍʰ 35.41dB ˁʰʽ 35.87dB ˋˍʹ˄ ʵʶˏˍʶˊʹ 
ˉʶˊʾˉˍ˖ˋʹ. 

3.2.1.3 ʅʶ˄ʱˊʽˇ о 

ɮˁˇ˂ˇˎʻʶʾˍʰʽ ʹ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ʵʽʰʵʽˁʰˋʾʰ ʰ˄ʱ˃ʶʽ˅ʹˌ ʶ˄ˈˌ ˋʺ˃ʰˍˇˌ ˃ˇˎˋʽˁʺˌ ˃ʶ ʷ˄ʰ ˁˇ˃˃ʱˍʽ 
ˇ˃ʽ˂ʾʰˌΦ ʃ˂ʷˇ˄ ˈ˃˖ˌΣ ʰˎ˅ʱ˄ʶˍʰʽ ˇ ʰˊʽʻ˃ˈˌ ζ˃ʽˁˊˇ˒˗˄˖˄η ˋˍˇ ˔˗ˊˇΦ 

 

ɳʽˁˈ˄ʰ 18 ɮˊ˔ʽˁʱ ˁʰʽ ʶˁˍʽ˃˗˃ʶ˄ʰ ˋʺ˃ʰˍʰ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ŦŀǎǘL/!όύ ˋˍˇ ˋʶ˄ʱˊʽˇ 3 

ʃ˂ʷˇ˄ ˇ ʵʽʰ˔˖ˊʽˋ˃ˈˌ ʴʾ˄ʶˍʰʽ ʰˊˁʶˍʱ ʵˏˋˁˇ˂ˇˌ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍˇˎ ˁˇ˃˃ʰˍʽˇˏ ˃ˇˎˋʽˁʺˌ 
ˁʰʻ˗ˌ ʵʽʰˍʹˊˇˏ˄ˍʰʽ ʷ˄ˍˇ˄ʰ ˍʰ ˋˍˇʽ˔ʶʾʰ ˍʹˌ ˇ˃ʽ˂ʾʰˌ ˁʰʽ ˋˍʰ н ʰ˄ˍ˂ˇˏ˃ʶ˄ʰ ˋʺ˃ʰˍʰΦ 



 

 ʅʶ˂ʾʵʰ 25 h ˉˈ 46 

ʆʰ SNR ̱ ˖˄ ʶˁˍʽ˃˗˃ʶ˄˖˄ ˋʹ˃ʱˍ˖˄ ʴʾ˄ˇ˄ˍʰʽ прΦтнdB ɹ ʽʰ ˍˇ ˋʺ˃ʰ ˇ˃ʽ˂ʾʰˌ ˁʰʽ -44.34dB ɹ ʽʰ ˍˇ 
ˋʺ˃ʰ ˃ˇˎˋʽˁʺˌΦ 

3.2.1.4 ʅʶ˄ʱˊʽˇ п 

 

ɳʽˁˈ˄ʰ 19 ɮˊ˔ʽˁʱ ˁʰʽ ʶˁˍʽ˃˗˃ʶ˄ʰ ˋʺ˃ʰˍʰ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ŦŀǎǘL/!όύ ˋˍˇ ˋʶ˄ʱˊʽˇ 4 

ʅʶ ʰˎˍʺ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˇ ʵʽʰ˔˖ˊʽˋ˃ˈˌ ˇ˃ʽ˂ʹˍ˗˄Σ ˋʶ ʱˍˇ˃ʰ ʵʽʰ˒ˇˊʶˍʽˁˇˏ ˒ˏ˂˂ˇˎ ʶʾ˄ʰʽ 
ʰˊˁʶˍʱ ʽˁʰ˄ˇˉˇʽʹˍʽˁˈ ̩ˁʰʽ ʵʶ˄ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʷ˄ˍˇ˄ʹ ʰ˄ʱ˃ʶʽ˅ʹ ˍ˖˄ ˋʹ˃ʱˍ˖˄ ˋˍˇ ˍʶ˂ʽˁˈ 
ʰˉˇˍʷ˂ʶˋ˃ʰΦ 

ʆʰ SNR ̱ ˖˄ ʶˁˍʽ˃˗˃ʶ˄˖˄ ˋʹ˃ʱˍ˖˄ ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ˋˍʰ 42.20dB ˁ ʰʽ пн.47dB. 

3.2.1.5 ʅʶ˄ʱˊʽˇ р 

 

ɳʽˁˈ˄ʰ 20 ɮˊ˔ʽˁʱ ˁʰʽ ʶˁˍʽ˃˗˃ʶ˄ʰ ˋʺ˃ʰˍʰ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ fastICA() ̀ ˍˇ ˋʶ˄ʱˊʽˇ 5 



 

 ʅʶ˂ʾʵʰ 26 h ˉˈ 46 

ʅʶ ʰˎˍʺ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˇ ʵʽʰ˔˖ˊʽˋ˃ˈˌ ˇ˃ʽ˂ʹˍ˗˄Σ ˋʶ ʱˍˇ˃ʰ ʵʽʰ˒ˇˊʶˍʽˁˇˏ ˒ˏ˂˂ˇˎ ʶʾ˄ʰʽ 
ʰˊˁʶˍʱ ʽˁʰ˄ˇˉˇʽʹˍʽˁˈˌ ˁʰʽ ʵʶ˄ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʷ˄ˍˇ˄ʹ ʰ˄ʱ˃ʶʽ˅ʹ ˍ˖˄ ˋʹ˃ʱˍ˖˄ ˋˍˇ ˍʶ˂ʽˁˈ 
ʰˉˇˍʷ˂ʶˋ˃ʰΦ ʆʰ ˉʶˊʽˋˋˈˍʶˊʰ ˃ʽˁˊˈ˒˖˄ʰ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˃ʾʰ ʲʶ˂ˍʾ˖ˋʹ ˋˍˇ ˍʶ˂ʽˁˈ 
ʰˉˇˍʷ˂ʶˋ˃ʰΦ 

ʆʰ SNR ̱ ˖˄ ʶˁˍʽ˃˗˃ʶ˄˖˄ ˋʹ˃ʱˍ˖˄ ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ˋˍʰ 42.15dB ˁ ʰʽ 42.51dB. 

3.2.1.6 ʅʶ˄ʱˊʽˇ с 

 

ɳʽˁˈ˄ʰ 21 ɮˊ˔ʽˁʱ ˁʰʽ ʶˁˍʽ˃˗˃ʶ˄ʰ ˋʺ˃ʰˍʰ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ŦŀǎǘL/!όύ ˋˍˇ ˋʶ˄ʱˊʽˇ 6 

ʅʶ ʰˎˍʺ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˇ ʵʽʰ˔˖ˊʽˋ˃ˈˌ ˇ˃ʽ˂ʹˍ˗˄Σ ˋʶ ʱˍˇ˃ʰ ʾʵʽˇˎ ˒ˏ˂˂ˇˎ ʶʾ˄ʰʽ ʰˊˁʶˍʱ 
ʽˁʰ˄ˇˉˇʽʹˍʽˁˈˌ ˁʰʽ ʵʶ˄ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʷ˄ˍˇ˄ʹ ʰ˄ʱ˃ʶʽ˅ʹ ˍ˖˄ ˋʹ˃ʱˍ˖˄ ˋˍˇ ˍʶ˂ʽˁˈ 
ʰˉˇˍʷ˂ʶˋ˃ʰΦ 

ʆʰ SNR ̱ ˖˄ ʶˁˍʽ˃˗˃ʶ˄˖˄ ˋʹ˃ʱˍ˖˄ ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ˋˍʰ 46.76dB ˁ ʰʽ 45.83dB. 



 

 ʅʶ˂ʾʵʰ 27 h ˉˈ 46 

3.2.1.7 ʅʶ˄ʱˊʽˇ т 

 

ɳʽˁˈ˄ʰ 22 ɮˊ˔ʽˁʱ ˁʰʽ ʶˁˍʽ˃˗˃ʶ˄ʰ ˋʺ˃ʰˍʰ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ŦŀǎǘL/!όύ ˋˍˇ ˋʶ˄ʱˊʽˇ 7 

ʅʶ ʰˎˍʺ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˇ ʵʽʰ˔˖ˊʽˋ˃ˈˌ ˇ˃ʽ˂ʹˍ˗˄Σ ˋʶ ʱˍˇ˃ʰ ʵʽʰ˒ˇˊʶˍʽˁˇˏ ˒ˏ˂˂ˇˎ ʶʾ˄ʰʽ 
ʰˊˁʶˍʱ ʽˁʰ˄ˇˉˇʽʹˍʽˁˈˌ ˁʰʽ ʵʶ˄ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʷ˄ˍˇ˄ʹ ʰ˄ʱ˃ʶʽ˅ʹ ˍ˖˄ ˋʹ˃ʱˍ˖˄ ˋˍˇ ˍʶ˂ʽˁˈ 
ʰˉˇˍʷ˂ʶˋ˃ʰΦ ʆʰ ʶˉʽˉ˂ʷˇ˄ ˃ʽˁˊˈ˒˖˄ʰ ʲʶ˂ˍʽ˗˄ˇˎ˄ ˍˇ ʵʽʰ˔˖ˊʽˋ˃ˈ ˍˇˎ ˋʺ˃ʰˍˇˌΣ ʵʾ˄ˇ˄ˍʰˌ 
ˁʰ˂ˏˍʶˊʰ SNR. 

ʆʰ SNR ̱ ˖˄ ʶˁˍʽ˃˗˃ʶ˄˖˄ ˋʹ˃ʱˍ˖˄ ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ˋˍʰ 46.80dB ˁ ʰʽ п5.84dB. 

3.3 ʅˎ˃ˉʶˊʱˋ˃ʰˍʰ ˉʶʽˊʰ˃ʰˍʽˁʺˌ ʵʽʰʵʽˁʰˋʾʰˌ 
ʃʾ˄ʰˁʰˌ 2 ʇˉˇ˂ˇʴʽˋ˃ʷ˄ʰ {bw ʴʽʰ ˍʰ ˉʰˊʰʵʶʾʴ˃ʰˍʰ a!¢[!. ˋʶ Ř. 

 SNR ɮ -
FastICA 

SNR ɰ - 
FastICA 

SNR A ς kICA SNR B - kICA 

ʅʶ˄ʱˊʽˇ м 19.18 19.06 52.80 48.61 

ʅʶ˄ʱˊʽˇ н 0.11/35.41 0.13/35.87 44.97 43.66 

ʅʶ˄ʱˊʽˇ о 45.72 -44.34 (ɹ ʽʰ 
˃ˇˎˋʽˁʺ) 

1.35 -4.87 

ʅʶ˄ʱˊʽˇ п 44.20 42.47 25.06 27.83 

ʅʶ˄ʱˊʽˇ р 42.15 42.51 14.59 8.65 



 

 ʅʶ˂ʾʵʰ 28 h ˉˈ 46 

ʅʶ˄ʱˊʽˇ с 46.76 45.83 36.67 45.99 

ʅʶ˄ʱˊʽˇ т 46.80 45.84 32.14 6.03 

ʂˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˁʰʽ ˋˍˇ˄ ˉʰˊʰˉʱ˄˖ ˋˎ˄ˇˉˍʽˁˈ ˉʾ˄ʰˁʰ ˇ ʰ˂ʴˈˊʽʻ˃ˇˌ Fast ICA ʰˉˇˍʶ˂ʶʾ ˃ʽʰ 
ʽˁʰ˄ˇˉˇʽʹˍʽˁʺ ˃ʷʻˇʵˇ ʵʽʰ˔˖ˊʽˋ˃ˇˏ ʹ˔ʹˍʽˁ˗˄ ˋʹ˃ʱˍ˖˄ ʵˏˇ ˇ˃ʽ˂ʹˍ˗˄Φ  

ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍʹˌ ˃ˇˎˋʽˁʺˌ ʵˎˋˁˇ˂ʶˏʶˍʰʽ ˉʶˊʽˋˋˈˍʶˊˇ ʶ˄˗ ˋˍʹ˄ ʰ˄ʱ˃ʶʽ˅ʹ ˇ˃ʽ˂ʹˍ˗˄ ˁʰʽ 
˃ˇˎˋʽˁʺˌ ʰˉˇˍˎʴ˔ʱ˄ʶʽ ˄ʰ ʵ˗ˋʶʽ ˅ʶˁʱʻʰˊʰ ˁʰʽ ˍʰ ʵˏˇ ʰˊ˔ʽˁʱ ˋʺ˃ʰˍʰΣ ʶˋˍʽʱʸˇ˄ˍʰˌ ˋˍˇ ˋʺ˃ʰ 
ˇ˃ʽ˂ʹˍʺΦ 

ʁ ʰ˂ʴˈˊʽʻ˃ˇˌ Max-Kurtosis ICA h ˉˇʵʶʽˁ˄ˏʶˍʰʽ ˂ʽʴˈˍʶˊˇˌ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˌ ˋˍˇ˄ ʵʽʰ˔˖ˊʽˋ˃ˈ 
ˇ˃ʽ˂ʹˍ˗˄ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇ˄ FastICA ʶ˄˗ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍʹˌ ˃ˇˎˋʽˁʺˌ ʵʾ˄ʶʽ ˁʰ˂ˏˍʶˊʰ 
ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΦ 

ɱʽʰ ˉʹʴʷˌ ˋʺ˃ʰˍˇˌ ˋʶ ˃ʶʴʰ˂ˏˍʶˊˇ ʰˊʽʻ˃ˈ ʰˉˈ ˍʰ ʰ˄ʰʸʹˍˇˏ˃ʶ˄ʰ ʰˊ˔ʽˁʱ ˋʺ˃ʰˍʰ ˇ 
ʰ˂ʴˈˊʽʻ˃ˇˌ ʵʾ˄ʶʽ ˃ʽʴʰʵʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʶˉˇ˃ʷ˄˖ˌ, ˋʶ ˍʷˍˇʽʰ ˋʶ˄ʱˊʽʰ ˔ˊʶʽʱʸʶˍʰʽ ʹ 
ʶ˅ʰʴ˖ʴʺ ˍ˖˄ ˉˊʰʴ˃ʰˍʽˁ˗˄ ˍʽ˃˗˄. 

ʅʶ ʶˉˈ˃ʶ˄ʰ ˋˍʱʵʽʰ ʻʰ ʶʾ˔ʶ ʶ˄ʵʽʰ˒ʷˊ˖˄ ʹ ˉʰˊʰˍʺˊʹˋʹ ʵʽʰ˔˖ˊʽˋ˃ˇˏ ˉʰˊʰˉʱ˄˖ ʰˉˈ ʵˏˇ 
ˉʹʴ˗˄ ˁʰʻ˗ˌ ˁʰʽ ʹ ʶʽˋʰʴ˖ʴʺ ˉʰˊʰˉʱ˄˖ ˉʹʴ˗˄ ʻˇˊˏʲˇˎ ˁʰʽ ʰ˄ʰˁ˂ʱˋʶ˖˄ ʺ˔ˇˎ ˉˇˎ 
ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋʶ ˉʽˇ ˊʶʰ˂ʽˋˍʽˁʱ ˋʶ˄ʱˊʽʰ ʵ˖˃ʰˍʾˇˎΦ 

4 ʅ˔ʶʵʽʰˋ˃ˈˌ 

ʅˍˈ˔ˇˌ ˍʹˌ ˎ˂ˇˉˇʾʹˋʹˌ ʶʾ˄ʰʽ ˇ ˋ˔ʶʵʽʰˋ˃ˈˌ ˁʰʽ ʹ ˁʰˍʰˋˁʶˎʺ ʶ˄ˈˌ ˋˎˋˍʺ˃ʰˍˇˌ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ 
˂ʶʽˍˇˎˊʴʺˋʶʽ ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇ ˁʰʽ ˄ʰ ʵʽʰ˔˖ˊʾˋʶʽ ˍʰˎˍˈ˔ˊˇ˄ˇˎˌ ˇ˃ʽ˂ʹˍʷˌ ʵʾ˄ˇ˄ˍʰˌ ˋʰ˄ 
ʷ˅ˇʵˇ ˃ʾʰ ʰˉˈ ˍʽˌ ʵʽʰ˔˖ˊʽˋ˃ʷ˄ʶˌ ˒˖˄ʷˌΦ 

 

ɳʽˁˈ˄ʰ 23 ɰʰˋʽˁʷˌ ˂ʶʽˍˇˎˊʴʾʶˌ ˋ˔ʶʵʽʰʸˈ˃ʶ˄ˇˎ ˋˎˋˍʺ˃ʰˍˇˌ 

ʆˇ ˋˏˋˍʹ˃ʰ ˉˇˎ ʻʰ ˁʰˍʰˋˁʶˎʰˋˍʶʾ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˋʶ ʷ˄ʰ ˔˗ˊˇ ˋˍʰˍʽˁʱ ˁʰʽ ˄ʰ 
ʵʽʰ˔˖ˊʾʸʶʽ ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇ ˍˇˎˌ ˇ˃ʽ˂ʹˍʷˌ ˋˍˇ˄ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ̝ ˗ˊˇΦ ɲʷ˔ʶˍʰʽ ˋʰ˄ ʶʾˋˇʵˇ 
ʷ˄ʰ ʰ˄ʰ˂ˇʴʽˁˈ ˋʺ˃ʰ ʺ˔ˇˎ ˍˇ ˇˉˇʾˇΣ ˃ʷˋ˖ ʶ˄ˈˌ ˃ʶˍʰˍˊˇˉʷʰ ʰˉˈ ʰ˄ʰ˂ˇʴʽˁˈ ˋʶ ˕ʹ˒ʽʰˁˈΣ 
˃ʶˍʰˍˊʷˉʶˍʰʽ ˋʶ ˕ʹ˒ʽʰˁˈΦ ɮˉˇʻʹˁʶˏʶˍʰʽ ˋˍʹ ˃˄ʺ˃ʹ ˍˇˎ ˎˉˇ˂ˇʴʽˋˍʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌ ʰˉˈ 
ˈˉˇˎ ˁʰʽ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˇ ˍˎ˒˂ˈˌ ʵʽʰ˔˖ˊʽˋ˃ˈˌ ˉʹʴ˗˄ ˗ˋˍʶ ˄ʰ ʴʾ˄ʶʽ ˇ ʵʽʰ˔˖ˊʽˋ˃ˈˌ ˁʰʽ ˄ʰ 
ˉˊˇˁˏ˕ˇˎ˄ ˃ʹ ʰ˄ʰ˃ʶʽʴ˃ʷ˄ʰ ˋʺ˃ʰˍʰΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ˍʰ ˋʺ˃ʰˍʰ ʰˎˍʱ ˉʶˊ˄ˇˏ˄ ʰˉˈ ˃ʽʰ 
ʰ˄ˍʾˋˍˊˇ˒ʹ ʵʽʰʵʽˁʰˋʾʰ ˁʰʽ ʴʾ˄ˇ˄ˍʰʽ ʰ˄ʰ˂ˇʴʽˁʱΣ ˗ˋˍʶ ˄ʰ ʰˉˇˍʶ˂ʷˋˇˎ˄ ˍʹ˄ ʷ˅ˇʵˇ ˍˇˎ 
ˋˎˋˍʺ˃ʰˍˇˌΦ 

ɳˉʽ˂ʷ˔ʻʹˁʶ ˍˇ ˃ʽˁˊˇːˉˇ˂ˇʴʽˋˍʽˁˈ ˋˏˋˍʹ˃ʰ STM32F334R8 ɹ ʽʰ ʵʽʱ˒ˇˊʰ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˉˇˎ 
ˉˊˇˋ˒ʷˊʶʽ ˋʶ ʶ˒ʰˊ˃ˇʴʷˌ ˉˊʰʴ˃ʰˍʽˁˇˏ ˔ˊˈ˄ˇˎΦ ʃʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʷ˄ʰ˄ ˍʰ˔ˏ ʶˉʶ˅ʶˊʴʰˋˍʺ ˁʰʽ ˍʰ 
ʰ˄ʰʴˁʰʾʰ ˉʶˊʽ˒ʶˊʶʽʰˁʱ ʴʽʰ ˍʹ˄ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʶ˒ʰˊ˃ˇʴʺΦ 
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ɾʶ ʲʱˋʹ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ˉʶʽˊʰ˃ʰˍʽˁʺˌ ʵʽʰʵʽˁʰˋʾʰˌ ˋˍʹ MATLAB, ̌  ʰ˂ʴˈˊʽʻ˃ˇˌ FastICA 
ʰˉˇʵʶʽˁ˄ˏʶˍʰʽ ʹ ˁʰ˂ˏˍʶˊʹ ʶˉʽ˂ˇʴʺ ʰ˂ʴˇˊʾʻ˃ˇˎ Independent Component Analysis ʴʽʰ ˍˇ˄ 
ʵʽʰ˔˖ˊʽˋ˃ˈ ˉʰˊʱ˂˂ʹ˂˖˄ ˇ˃ʽ˂ʹˍ˗˄Φ ɳˉˇ˃ʷ˄˖ˌΣ ʶˉʽ˂ʷ˔ʻʹˁʶ ʴʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍˇˎ ˍˎ˒˂ˇˏ 
ʵʽʰ˔˖ˊʽˋ˃ˇˏ ˉʹʴ˗˄ ˋˍˇ ˃ʽˁˊˇːˉˇ˂ˇʴʽˋˍʽˁ ̍̀ ˏˋˍʹ˃ʰ. 

4.1 ʆʶ˔˄ˇ˂ˇʴʾʰ 

 

ɳʽˁˈ˄ʰ 24 STM32F334R8 

ɱʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ʶˊʴʰˋʾʰˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʷ˄ʰ ˃ʽˁˊˇːˉˇ˂ˇʴʽˋˍʽˁˈ 
ˋˏˋˍʹ˃ʰ ˍʹˌ ʶˍʰʽˊʾʰˌ STΣ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˇ STM32F334R8 [16]. 

ɰʰˋʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ʶʾ˄ʰʽ ʷ˄ʰˌ ˎ˕ʹ˂ʺˌ ʰˉˈʵˇˋʹˌ ʶˉʶ˅ʶˊʴʰˋˍʺˌ RISC  
Arm Cortex-M4 32-bit. ʁ Arm Cortex-M4 ˃ˉˇˊʶʾ ˄ʰ ˂ʶʽˍˇˎˊʴʺˋʶʽ ˋʶ ˃ʷʴʽˋˍʶˌ ˋˎ˔˄ˈˍʹˍʶˌ 
72MHz. ɳ˄ˋ˖˃ʰˍ˖˃ʷ˄ʰ ˋˍˇ˄ ˉˎˊʺ˄ʰ ˎˉʱˊ˔ˇˎ˄ ˃ʾʰ ˃ˇ˄ʱʵʰ ˁʽ˄ʹˍʺˌ ˎˉˇʵʽʰˋˍˇ˂ʺˌ όFloating 
Point Unit - FPUύΣ ˃˄ʺ˃ʶˌ ˎ˕ʹ˂ʺˌ ˍʰ˔ˏˍʹˍʰˌ ˃ʶ ˃ʷʴʽˋˍʰ сп Kbytes ˃ ˄ʺ˃ʹˌ Flash ˁ ʰʽ мн Kbytes 
SRAM ˁʰʽ ʷ˄ʰ ʶˁˍʶˍʰ˃ʷ˄ˇ ˒ʱˋ˃ʰ ʶʽˋˈʵ˖˄κʶ˅ˈʵ˖˄ ˁʰʽ ˉʶˊʽ˒ʶˊʶʽʰˁ˗˄ ˉˇˎ ˋˎ˄ʵʷˇ˄ˍʰʽ ˋʶ 
ʵˏˇ ʵʽʰˏ˂ˇˎˌ APB. 

ʁ ˃ʽˁˊˇʶ˂ʶʴˁˍʺˌ STM32F334R8 ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʵˏˇ ˎ˕ʹ˂ʺˌ ˍʰ˔ˏˍʹˍʰˌ ˃ʶˍʰˍˊˇˉʶʾˌ 
ʰ˄ʰ˂ˇʴʽˁˇˏ ˋʺ˃ʰˍˇˌ ˋʶ ˕ʹ˒ʽʰˁˈ όAnalog to Digital Converters - ADCύΣ ʷ˖ˌ ˍˊʶʾˌ ˉˇ˂ˏ 
ʴˊʺʴˇˊˇˎˌ ˋˎʴˁˊʽˍʷˌ, ̫ ˄ʰ˄ ʶˉʽ˔ʶʽˊʹˋʽʰˁˈ ʶ˄ʽˋ˔ˎˍʺΣ ˍˊʾʰ ˁʰ˄ʱ˂ʽʰ ˃ʶˍʰˍˊˇˉʺˌ ʰˉˈ ˕ʹ˒ʽʰˁˈ 
ˋʶ ʰ˄ʰ˂ˇʴʽˁˈ ˋʺ˃ʰ (Digital to Analog Converter - DAC),  ʷ˄ʰ˄ ˔ʰ˃ʹ˂ʺˌ ˁʰˍʰ˄ʱ˂˖ˋʹˌ ˊˇ˂ˈʽ 
ˉˊʰʴ˃ʰˍʽˁˇˏ ˔ˊˈ˄ˇˎ όReal-Time Clock ς RTC), ̫ ˄ʰ˄ ˔ˊˇ˄ˇʵʽʰˁˈˉˍʹ ˎ˕ʹ˂ʺˌ ʰ˄ʱ˂ˎˋʹˌΣ ʷ˄ʰ˄ 
˔ˊˇ˄ˇʵʽʰˁˈˉˍʹ ʴʶ˄ʽˁʺˌ ˔ˊʺˋʹˌ 32-bitΣ ʷ˄ʰ ˔ˊˇ˄ˇʵʽʰˁˈˉˍʹ ʴʽʰ ˍˇ˄ ʷ˂ʶʴ˔ˇ ˁʽ˄ʹˍʺˊʰ ˁʰʽ 
ˍʷˋˋʶˊʶʽˌ ˔ˊˇ˄ˇʵʽʰˁˈˉˍʶˌ ʴʶ˄ʽˁʺˌ ˔ˊʺˋʹˌ мс-bit. ɳˉʾˋʹˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˎˉʽˁʷˌ ˁʰʽ 
ˉˊˇʹʴ˃ʷ˄ʶˌ ʵʽʶˉʰ˒ʷˌ ʶˉʽˁˇʽ˄˖˄ʾʰˌΥ ˃ʽʰ Inter-integrated circuit interface  (ɹ2C), ˃ ʾʰ ̀ ʶʽˊʽʰˁʺ 
ˉʶˊʽ˒ʶˊʶʽʰˁʺ (Serial peripheral interface ς SPI)Σ ʷ˖ˌ ˁʰʽ ˍˊʶʾˌ ˁʰʻˇ˂ʽˁʷˌ 
ˋˏʴ˔ˊˇ˄ʶˌκʰˋˏʴ˔ˊˇ˄ʶˌ ˉˇ˃ˉˇˏκʵʷˁˍʹ (Universal synchronous/asynchronous 
receivers/ transmitters ς USART) ˁ ʰʽ ˃ ʾʰ Controller area network (CAN). 
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ʁ STM32F334R8 ˃ˉˇˊʶʾ ˄ʰ ˂ʶʽˍˇˎˊʴʺˋʶʽ ˋʶ ʻʶˊ˃ˇˁˊʰˋʾʶˌ ʰˉˈ -40 ʷ˖ˌ ҌурoC ˁʰʽ ˎˉˈ ʽˋ˔ˏ 
нΦл ʷ˖ˌ оΦс V. ɲˏ˄ʰˍʰʽ ʶˉʾˋʹˌ ˂ʶʽˍˇˎˊʴʾʰ ˔ʰ˃ʹ˂ʺˌ ˁʰˍʰ˄ʱ˂˖ˋʹˌ ˂ˈʴ˖ ʶ˄ˈˌ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ˇˎ 
ˋˎ˄ˈ˂ˇˎ ˂ʶʽˍˇˎˊʴʽ˗˄ ʶ˅ˇʽˁˇ˄ˈ˃ʹˋʹˌ ʶ˄ʷˊʴʶʽʰˌΦ 

ʁ ʶˉʶ˅ʶˊʴʰˋˍʺˌ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ʶʾ˄ʰʽ ˇ он-bit Arm Cortex-MпΦ ɳʾ˄ʰʽ ˇ ˉˊ˗ˍˇˌ ˉˎˊʺ˄ʰˌ ˍʹˌ 
ˋʶʽˊʱˌ Cortex-ɾ ˁʰʽ ʵʽʰʻʷˍʶʽ ʶʽʵʽˁʱ IP ˃ˉ˂ˇˁ ʴʽʰ ˕ʹ˒ʽʰˁʺ ʶˉʶ˅ʶˊʴʰˋʾʰ ˋʹ˃ʱˍ˖˄ (DSP), 
ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˈ˃ʶ˄ʹˌ ˃ʾʰˌ ˃ˇ˄ʱʵʰˌ ˁʽ˄ʹˍʺˌ ˎˉˇʵʽʰˋˍˇ˂ʺˌ όFPU). ɮˉʶʻˏ˄ʶˍʰʽ ˋʶ 
ʶ˒ʰˊ˃ˇʴʷˌ ʶ˂ʷʴ˔ˇˎ ˕ʹ˒ʽʰˁ˗˄ ˋʹ˃ʱˍ˖˄ ˉˇˎ ʰˉʰʽˍˇˏ˄ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʷˌΣ ʶˏ˔ˊʹˋˍʶˌ 
ʵˎ˄ʰˍˈˍʹˍʶˌ ʶ˂ʷʴ˔ˇˎ ˁʰʽ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˋʹ˃ʱˍ˖˄Φ ʁ ˉˎˊʺ˄ʰˌ ʶˉʽˍˎʴ˔ʱ˄ʶʽ ʰˉˈʵˇˋʹ м,25 
DMIPS/MHz ˁ ʰʽ 3,42 CoreMark/MHz h ˄ʱ ˄ʺ˃ʰ όthread). 

ɳʽˁˈ˄ʰ 25 STM32F334x4/6/8 block diagram [16] 






































