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1. Introduction
The ATIAS work item develops test specifications for objective characterization of terminals for 3GPP immersive services, including conversational services and non-conversational services. In previous inputs [1-3], an acoustical spatial capture test utilizing multiple sound sources has been proposed. While the test method is generally considered to be applicable, the source has found some issues related to the proposed level difference calculation method.
In this contribution, an alternative method for calculating the level differences of assessed signals is proposed. This proposed method utilizes a pairwise comparison of the frequency components. It should increase the overall accuracy of the spatial capture assessment covering better the whole frequency range.
2. Calculation method
2.1 Original calculation method
In the original proposal [1], the levels were suggested to be calculated by summing the power of the selected bins, e.g., level of the X channel of the decoded FOA signal is calculated by summing the  bins over all frequency components :



 is the power spectrum of the corresponding channel. Frequency components  are determined based on the center frequencies of the corresponding test signal A or B and  bins are defined by the center frequencies   and mask width  which includes the modulation bandwidth.  is the total number of frequency components of the signal. The levels are calculated similarly for the other decoded FOA channels. The assessment of the levels is then done by simply calculating the difference of the levels:



where  and  are overall levels of X and Y channels in decibels.

However, as the levels of the higher frequencies are attenuated by a certain amount due to the shaping filter (recently 3-5 dB attenuation per octave has been discussed), the influence of the low frequencies is significantly higher than the influence of the high frequencies. Based on the internal experiments, the level differences of the lowest and the highest captured frequencies can be over 20 dB. Thus, high frequencies with low capture levels will have almost no impact to the evaluated performance if the assessments are done with the proposed shaped levels.




2.2 Proposed calculation method
The source proposes that the assessment of the signal separation is done by comparing the level differences of captured frequency component pairs. Overall spatial separation can be then assessed by calculating the average over all the of frequency component pair level differences. 

Levels of each captured frequency component  are calculated individually over the mask width . For X channel of decoded FOA signal the calculation is done as follows: 




where   is the power spectrum of the X channel,  is the th center frequency of the corresponding signal and  is the th bandwidth of the corresponding signal component including the modulation bandwidth and frequency mask width. The levels of the individual frequency components are calculated similarly for the other decoded FOA channels. The level difference of the individual frequency component  is then calculated:



The level differences are averaged over all frequency component pairs by taking arithmetic average over level differences:



The same calculations are applied to all captured FOA channels with A and B frequency masks. 
The assessments of the channel levels are done similarly as proposed in the original contribution. The original proposal for level assessments of X and Y channels can be seen in the Table 1. 

Table 1 Requirements on spatial separation. L denotes a signal level. [1]
	Simultaneous sources
	Requirements on the B-format outputs of the reference decoder

	Source A
	Source B
	Signal component A
	Signal component B
	Motivation

	Position X1
	Position Y1
	LXA – LYA > [N] dB,
|LWA – LXA| < [M] dB
	LYB – LXB > [N] dB,
|LWB – LYB| < [M] dB
	Signal component A is ideally only seen in X and W, Signal component B is ideally only seen in Y and W

	
	
	|LWA – LWB| < [P] dB
	Signal component A in W equally strong as B in W



The proposed level calculation can be directly applied for estimating N and M values. For the P value, the original calculation method can be considered, or the pairwise calculations can be done for the adjacent frequency components.


3. Experiments
The proposed calculation method was evaluated against the earlier proposed method. The evaluation was done from the Eigenmike recordings. The Eigenmike captures were converted into the AmbiX B-format FOA signals. The FOA signals were then coded with IVAS candidate codec technology. Reduced high-frequency capture accuracy was realized by decreasing the bitrate of audio coding. The results for bitrates of 512 kbps and 32 kbps are presented in Tables 5 & 6. The processing flow from the capture to the analysis is presented in the Figure 1.
[image: ]
Figure 1 Processing flow from the capture to the analysis.

The same test signal parameters were applied as proposed in [3], except for the frequency spacing. The utilized frequency spacings for the A and B signals are shown in the Table 2. Furthermore, the shaping filter with -3 dB per octave attenuation was applied.
Table 2 Center frequencies of the A and B signals.
	 
	
	
	
	
	
	
	
	
	
	
	
	

	A signal
	250
	1000
	1800
	2600
	3400
	4200
	5000
	5800
	6600
	7400
	9000
	14000

	B signal
	600
	1400
	2200
	3000
	3800
	4600
	5400
	6200
	7000
	7800
	11000
	18000


 



The recordings were done in an anechoic chamber. Two small loudspeakers were utilized as sound sources. The distances between the DUT and the sound sources were 1.3 meters. The sound sources were placed in front of the DUT and at the left-hand side with the 90° incident angle. Thus, the positive phased X and Y channels were evaluated. The measurements were done twice. In the first measurements the A signal was output from the speaker in front of the DUT and B signal from the speaker at the left-hand side. In the second measurement the output speakers were interchanged, thus the B signal was output from the front and A signal from the side. Results were averaged over both measurements. The measurement setup is illustrated in the Figure 2 below.
[image: ]DUT

Figure 2 Measurement setup.


Bitrate of 512 kbps
The power spectrum of the 512 kbps coded Eigenmike captures is shown in the Figures 3 and 4 below. The A-mask is overlaid to the spectrum in order to clarify which frequencies belong to the A signal. Other frequencies in this case belongs to the B signal. 
It can be seen that the signals are well separable. In the Figure 3 the frequency component levels of the blue signal are visibly higher in every frequency within the overlaid mask. Furthermore, it can be seen, that the signal separation decreases when the frequency increases, e.g., the two highest frequency components outside the A-mask shows incorrect separation as the red signal should be higher than the blue signal.
[image: ]
Figure 3 Power spectrum of captured and 512 kbps coded signal with overlaid A-mask.
 
[image: ]
Figure 4 Spectrum of the Figure 1 above 2 kHz.


Originally calculated levels by summing the power of included bins over the whole frequency range are presented in the Table 3:
Table 3 Originally calculated level differences of coded Eigenmike capture with bitrate of 512 kbps
	Source A
	Source B
	Signal component A
	Signal component B

	Position X1
	Position Y1
	

	


	
	
	



Estimated level differences N of individual frequency component pairs  with both masks A and B for X and Y channels are shown in the Table 4 below.
Table 4 Level differences of individual frequency components. NA is the difference of X and Y channels with A mask, and NB is the difference of the same channels with B mask.
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	
	16.4
	24.0
	24.0
	17.5
	23.7
	22.7
	25.1
	27.8
	23.9
	18.9
	8.2
	9.8

	
	13.6
	21.5
	19.6
	16.1
	19.1
	19.6
	14.4
	16.0
	16.4
	17.6
	7.2
	-3.4



The average levels over pairwise level differences are presented in the Table 5.
Table 5 Average level differences over all individual frequency components of coded Eigenmike capture with bitrate of 512 kbps
	Source A
	Source B
	Signal component A
	Signal component B

	Position X1
	Position Y1
	

	




Both calculation method indicates proper spatial separation between the X and Y channels. It seems that the level differences of the lowest frequency component pairs are very similar with the level differences in Table 3, which indicates that only the level differences of the lowest frequency components will impact to the overall level differences, if they are calculated over the whole frequency range in a single step, as originally proposed.


Bitrate of 32 kbps
The power spectrum of the 32 kbps coded Eigenmike capture is shown in the Figures 5 and 6 below. It seems that the lowest 3 to 4 frequency components are well separable. Regarding the higher frequency components, the X channel seems to be slightly dominant.
[image: ]
Figure 5 Power spectrum of captured and 32 kbps coded signal with overlaid A-mask.
[image: ]
Figure 6 Spectrum of the Figure 3 above 2 kHz.
While the power spectrum indicates incorrect separation at the higher frequencies, the calculated levels over the whole frequency range indicates somewhat proper separation. The calculated levels are presented in the Table 6.
Table 6 Originally calculated level differences of coded Eigenmike capture with bitrate of 32 kbps
	Source A
	Source B
	Signal A
	Signal B

	Position X1
	Position Y1
	

	


	
	
	



By inspecting the level differences of the component pairs, it can be seen that only 3 lowest components of the captured and decoded X and Y channels are clearly separated. Component pair levels in dB are shown in the Table 7.


Table 7 Level differences of individual frequency components. NA is the difference of X and Y channels with A mask, and NB is the difference of the same components with B mask.
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	
	9.8
	9.9
	11.6
	3.6
	-0.4
	3.4
	3.7
	1.1
	3.3
	2.0
	1.2
	1.1

	
	10.4
	8.1
	9.3
	-0.2
	1.2
	-3.1
	-3.4
	-1.0
	-3.3
	-1.9
	-0.7
	0.7



By calculating the difference estimates by averaging the component pair level differences, the overall results indicate low spatial separation of the captured signals. The results are shown in the Table 8.
Table 8 Average level differences over all individual frequency components of coded Eigenmike capture with    bitrate of 32 kbps
	Source A
	Source B
	Signal A
	Signal B

	Position X1
	Position Y1
	

	




Other bitrates
In the contribution [4], spatial separation performance via EVS codec with different bitrates was evaluated. The presented results indicated that reducing the bitrate would not decrease the spatial separation, although the presented spectrums of coded signals showed significant degradation of separation at high frequencies. One possible reason for such results could be the utilized level calculations.
The results of different bitrates of IVAS candidate codec technology with different level calculation methods are presented in the Table 9. Both calculation methods show some degradation of the spatial separation when the bitrate decreases. However, the results of proposed calculation method seem to decrease more drastically at the lower bitrates compared to the original method.

Table 9 Comparison of different level calculation methods with different bitrates.
	
	
	Level calculations
	
	Proposed
	
	Original

	
	
	 
	
	NA
	NB
	MA
	MB
	
	NA
	NB
	MA
	MB

	Source position
	Codec
	
	
	
	
	
	
	
	
	
	

	X1
	Y1
	None
	
	21.5
	15.9
	0.9
	1.0
	
	21.4
	16.3
	0.5
	0.1

	
	
	IVAS@512
	
	20.2
	14.8
	0.9
	1.0
	
	16.6
	13.2
	0.6
	0.1

	
	
	IVAS@256
	
	19.7
	14.2
	0.7
	1.2
	
	16.7
	13.7
	0.6
	0.1

	
	
	IVAS@160
	
	18.8
	13.9
	0.6
	0.8
	
	16.5
	13.6
	0.6
	0.1

	
	
	IVAS@96
	
	13.1
	11.0
	1.6
	2.3
	
	14.4
	13.9
	0.6
	0.03

	
	
	IVAS@64
	
	7.6
	6.7
	0.8
	2.9
	
	11.6
	12.5
	0.5
	0.1

	
	
	IVAS@32
	
	4.2
	1.3
	0.7
	1.3
	
	8.8
	8.1
	0.3
	1.1







By inspecting the spectrums, the degradation of the signal separation is visible, especially with the low bitrates. Typically, with low bitrates the highest frequencies are produced with different bandwidth extension methods. This can result in incorrect spatial representation at high frequencies. Especially for simple artificial test signals, as the extension methods are designed mainly for real signals. 

[image: ][image: ]
[image: ][image: ]
Figure 7 Spectral comparison between different bitrates
 

4. Summary
In contribution [4], it was found that the initially proposed performance metric may not be sufficient for evaluating all quality aspects of encoded/decoded FOA signal. Furthermore, especially performance at higher frequencies did not have impact to the overall evaluated performance.
In this document the refined calculations method for assessment of the separation of two simultaneous sound sources from the FOA components is presented. Instead of calculating the difference levels over the whole frequency band in a single step, the averaged pairwise calculation is proposed. The same calculation method is proposed to be incorporated into the multisource test method utilizing multichannel output [2].
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