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PCA based PAE 

Primary components: speech and music 

Ambience: white Gaussian noise 

Primary power/ signal power = 0.9 

 

Source directions:  

Amplitude panned and time shifted 

 1S: one source 

 SS: in the same side 

 C : only one in the center  

 DS: in different sides 

 

DFT: Size = 4096, Hanning window,  

        50% overlapping 

TD parameters: φL = 0.05, φH = 0.7 
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No. of partitions = no. of sources 

Each partition: the dominant 

frequency bins of each source 

In 

practice 

Shifted PCA based PAE 

To account for the partial primary correlation (0-lag) 

caused by the time difference, we proposed shifted 

PCA in [1]. Let d be the inter-channel time difference. 
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In frequency domain 
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



Fixed partitioning: independent of input 

• Uniform (2, 8, 32, etc. [2]) 

• Non-uniform (e.g. ERB [3]) 

Adaptive partitioning: dependent of input  

• TD: Top-Down 

• Based on inter-channel cross-

correlation coefficient (ICC), with 

two thresholds: φL , φH 
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Stereo Signal Model 

Proposed 

√ 

√ 

X 

Ideally 

PrimarySignal = + Ambient

Conditions for 

partitioning continuation: 

• φ0 < φH, and 

• max(φ1, φ2) > φ0, and 

• min(φ1, φ2) > φL. 

Experimental Settings 

ESR Partitioning 1S SS C DS 

PCA 

Full-band -3.7 -4.2 -8.1 -4.7 

2 Uniform -3.4 -4.0 -8.2 -5.0 

8 Uniform -3.3 -3.9 -8.3 -5.2 

32 Uniform -3.2 -3.9 -8.4 -5.5 

20 Non-uniform -3.3 -4.0 -9.6 -6.9 

Top-Down -3.7 -4.2 -8.4 -5.0 

SPCA 

Full-band -14.8 -10.2 -8.1 -6.5 

2 Uniform -12.3 -9.9 -8.4 -6.9 

8 Uniform -11.5 -9.8 -8.6 -7.1 

32 Uniform -10.6 -9.1 -8.4 -7.3 

20 Non-uniform -10.3 -7.3 -9.0 -7.7 

Top-Down -14.1 -10.4 -8.6 -7.9 

Results 

CONCLUSIONS 

1. Regardless of partitioning methods, SPCA 

outperforms PCA. 

2. Frequency bin partitioning is unnecessary for one 

source, but is essential for multiple sources. 

3. Not all partitioning methods yield better 

performance than the full-band method (i.e., no 

partitioning). 

4. Generally, the best performance is obtained with 

the proposed ICC-based Top-Down adaptive 

partitioning method. 

Performance evaluated by Error-to-Signal Ratio (ESR) [4] 

2 2

0 0 1 12 2
10 2 2

10 22

ˆ ˆ
ESR(dB) 10log 0.5 .

   
   

    

p p p p

pp

 Existing sound scene representations:  

 Channel-based 

 Conventional, for a specific playback system; 

 Lacks the flexibility to support different 

playback configurations. 

 Object-based 

 Emerging, for any playback system; 

 Lacks the efficiency: large storage and high 

transmission bandwidth. 

 

 Primary-ambient based representation 

 Inspired by human auditory system; 

 Facilitates flexible and efficient rendering. 

 

 

 

 

 

 

 

 

 

 Primary-ambient extraction (PAE) from the 

channel-based audio (e.g., stereo). 

 Existing approaches: mainly for one dominant 

source in primary components;  

 PAE with multiple sources (different directions) 

not well studied. 

Motivation 

Primary — Where does the sound come from? 

Ambient — Where are you? 

Objective: to obtain a new representation 

of sound scenes in digital media, which is 

both flexible and efficient in spatial audio 

reproduction for any playback systems.  
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