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Introduction 
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Primary component — Where the sound comes from? 

Ambient component — Where are you? 



Applications of PAE 
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Spatial audio processing 

Spatial audio coding 

Audio re-mixing 

PAE 

Various playback systems 
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Assumptions 
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Linear estimation framework in PAE 
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Signal  =   Primary  + Ambient 
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PAE based on Linear estimation 
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Blue solid lines: primary component; Green dotted lines: ambient component. 
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Ambient component 
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PAE based on Linear estimation  
– Performance of the four approaches 
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PAE using Adjustable Least squares (ALS) 
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PAE based on Linear estimation  
– Recommendations 
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Approach Strengths Weaknesses Recommendations 

PCA 

 No distortion in the extracted 

primary component; 

 No primary leakage in the extracted 

ambient component; 

 Primary and ambient components 
are uncorrelated; 

 Ambient component severely 
panned; 

Spatial audio coding and interactive 

audio in gaming, where the primary 

component is more important than the 
ambient component. 

LS  Minimum MSE in the extracted 
primary and ambient components; 

 Severe primary leakage in 

the extracted ambient 
component;  

Applications in which both the primary 

and ambient components are extracted, 
processed, and finally mixed together. 

MLLS 

 Minimum leakage in the extracted 

primary and ambient components; 

 Primary and ambient components 
are uncorrelated; 

 Ambient component severely 
panned; 

Spatial audio enhancement systems, and 

applications in which different rendering 

or playback techniques are employed on 

the extracted primary and ambient 
components. 

MDLS  No distortion in the extracted 
primary and ambient components; 

 Severe interference and 

primary leakage in the 
extracted ambient component; 

High-fidelity applications in which timbre 
is of high importance. 

ALS  Performance adjustable; 
 Need to adjust the value of 

the adjustable factor; 
For applications without explicit 
requirements. 



Conclusions 

Proposed MLLS, MDLS, ALS and compared them with PCA and LS in PAE. 
 

 Primary extraction 

• PCA=MDLS:  minimum distortion 

 
•  LS=MLLS:  minimum leakage & error 

 

 Ambient extraction 

• MLLS (=PCA), LS, MDLS minimize the leakage, error, and distortion, respectively 

 

 ALS can achieve an adjustable performance for both primary and ambient components. 

 

Formulated the linear estimation framework for PAE. 

Introduced two groups of performance measures. 
• Extraction accuracy: ESR, DSR, ISR, LSR 

• Spatial accuracy    : ICC, ICTD, ICLD 
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: a scaling factor difference 

Different approaches are preferred in different spatial audio applications. 


