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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. Dolby input [1] proposes acoustic performance tests for FOA audio.
In this document we propose a filter bank influenced frequency spacing for the test signal utilized in the previously presented test method for FOA audio. The results of conducted FOA output based audio measurements are presented. The results indicate that the proposed test method for FOA audio can be extended to include other spatial input formats, if the utilized test signal is designed to take into account filter bank properties. This is useful, e.g., for considering the IVAS codec candidate end-to-end characteristics for immersive services. Furthermore, other test signal parameters are presented and brought up to discussion
2. Test method
As presented in [1], two multitone signals with a harmonic structure are suggested to be utilized in the test method for FOA audio. The signals would comprise harmonic frequency components with 1/3rd octave spacing, where every second component would be in each of the channels, A and B. The tones should cover the range 250 Hz – 19 kHz, and the signal could be AM and FM modulated. Furthermore, the levels of each harmonic component would decrease with 3 dB per octave.
The test setup comprises multiple loudspeakers with 90° incident angle. For the measurements presented in this document, only two loudspeaker setup (center and left) is considered. The measurement setup is illustrated in Figure 1. Test signals are transmitted simultaneously from the loudspeakers. The captured signal is encoded with IVAS candidate technology into FOA and MASA output formats. At the analysis stage, the accuracy of separating captured harmonic signals from decoded FOA output is evaluated. 
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Figure 1: Test setup, two loudspeakers at the 90° incident angle.
However, if the spatial capture analysis, encoding or decoding utilizes filter banks, the proposed test signal with 1/3rd octave frequency spacing may not be decode accurately to FOA or other formats due to the possible presence of multiple harmonic components at the same filter band. The presence of multiple frequency components at the same filter band will cause an inaccurate direction coding, as multiple frequencies with different directions are coded into the same time-frequency bin.
To ensure that this acoustic test method for spatial audio could be applicable for as many input capture formats as possible, it is crucial to use compatible test signals. In the following measurement results, we show that by constructing the test signal based on the filter bank bands, the proposed test method can be generalized to cover both FOA and MASA formats.  
3. Measurements
Details of the conducted measurements are explained in this section.
3.1 Test setup and test signals

Two test signals were generated according to the [2] subclause 7.2.4.1 with different frequency spacings. The signal lengths were set to 6 seconds with 0.05 second fade-in and fade-out. Regarding the modulation parameters, the was set to 3 Hz and  was set to 1 Hz.  was set to 1 and . The impact of these values should be further studied. 
The first test signal had 1/3rd frequency spacing covering frequencies from 250 Hz up to 16 kHz. The second test signal had frequency spacing influenced by Complex Low Delay Filter Bank (CLDFB) used in EVS codec and MASA format, which has 400 Hz frequency bands. The first frequency component was at 250 Hz. Following frequency components were set at the center of the filter bands up to 7.8 kHz with the spacing of 400 Hz. After 7.8 kHz, the spacing was gradually increased from 1.2 kHz to 4 kHz due to lack of need for accurate localization accuracy at higher frequencies. The exact frequencies of harmonic components are presented in the Table 1 below:

Table 1 Frequency components of CLDFB influenced test signal.
	 
	
	
	
	
	
	
	
	
	
	
	
	

	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 level of harmonic components decreases by 3 dB per octave in the test signal with 1/3rd octave spacing. In the test signal with CLDFB influenced frequency spacing, the level of frequency components decreases 3 dB per component. The power spectrums of the generated test signals are presented in Figures 2 and 3.
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Figure 2: Power spectrum of the test signal utilizing 1/3rd octave spacing. The filter bank bands are illustrated with background colours.
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Figure 3: Power spectrum of test signal utilizing CLDFB influenced frequency spacing. The filter bank bands are illustrated with background colours.
Measurements were done in an anechoic room as suggested in [1], with two small sized loudspeakers. One loudspeaker was placed in front of the DUT, while the other loudspeaker was placed with 90° incident angle to the left-hand side of the DUT. Analysed FOA components were thus positive phased X and Y components. The distance between the loudspeakers and the DUT was set to 1.3 meters. 
Eigenmike and Rode NT-SF1 A-format microphones were used as capture devices. Captured eigen- and A-format signals were converted into FOA and MASA [3] formats before encoding into IVAS candidate technology bitstream. Conversion to MASA format was done via MASA C-reference software [4]. Two omnidirectional Rode NT2-A condenser microphones captured transport signals for MASA signal when using the NT-SF1 microphone. Their spacing was 17 cm. MASA format was included to the measurements as a technology that utilizes filter banks in the IVAS candidate encoding/decoding at all bitrates as well as in MASA signal analysis. Bitrate for coding was set to 512 kbit/s for both FOA and MASA test cases. 
The decoded FOA signal was analysed. The analysis was performed as presented in [1]. Signals A and B were separated after the decoder by FFT transformation and selecting bins. The level of the X/Y/Z/W signals were measured for the A and B components by summing the power of the selected bins. To select correct bins, FFT masks were applied with constant 10 Hz widths. Table 2 was used to evaluate the level differences of captured FOA components. As we can see from the Table 2, the estimated N values should be as high as possible, while the estimated M and P values should be as low as possible.

Table 2 “Requirements on spatial separation. L denotes a signal level measured at the reference decoder output by summing power in selected FFT bins” [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






3.2 Eigenmike measurements

Results for Eigenmike captures are presented in the following sections.

3.2.1 Eigenmike to FOA

The processing path from Eigenmike capture to analysis is shown in the Figure 3. Captured 32 channel raw Eigenmike signal is converted to B-format FOA signal, which is then encoded and decoded with IVAS candidate codec. Decoded FOA signal is analysed. 
[image: ]
Figure 4: Processing paths for Eigenmike capture
The analysis results are presented in the tables 3 and 4. The results are aligned with expectation regarding the capture performance. Estimated N levels are high; over 10 dB in every case, while M and P values are relatively low. It can be seen, since the IVAS FOA input format doesn’t utilize filter bank for spatial signal coding at 512 kbit/s, the frequency spacing of test signal doesn’t influence the results.

Table 3 Results of Eigenmike capture of test signal with 1/3rd octave frequency spacing. Encoder input signal is FOA signal.
	Source A
	Source B
	Signal component A
	Signal component B

	Position X1
	Position Y1
	

	


	
	
	



Table 4 Results of Eigenmike capture of test signal with CLDFB influenced octave frequency spacing. Encoder input signal is FOA signal.
	Source A
	Source B
	Signal component A
	Signal component B

	Position X1
	Position Y1
	

	


	
	
	



3.2.1 Eigenmike to MASA

Processing path from Eigenmike capture to analysis utilizing MASA format is shown in the Figure 5. Spatial analysis is performed for the Eigenmike signal and MASA metadata is generated with [4][5][6]. Furthermore, transport signals are obtained from two Eigenmike channels. Formed MASA signal is encoded and decoded to FOA with IVAS candidate codec. Analysis is performed for the decoded FOA signal.
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Figure 5 Processing path
The result of analysis is shown in the Tables 5 and 6. With 1/3rd octave spacing, the results are inconsistent, and they indicate that the spatial capture doesn’t work. However, when the frequency spacing of the test signal is compatible with the utilized filter bank spacing, the results indicate proper spatial separation. Estimated N values are higher than M and P values.
Table 5 Results of Eigenmike capture of test signal with 1/3rd octave frequency spacing. Encoder input signal is MASA signal.
	Source A
	Source B
	Signal component A
	Signal component B

	Position X1
	Position Y1
	

	


	
	
	





Table 6 Results of Eigenmike capture of test signal with CLDFB influenced octave frequency spacing. Encoder input signal is MASA signal.
	Source A
	Source B
	Signal component A
	Signal component B

	Position X1
	Position Y1
	

	


	
	
	



3.3 Rode measurements

Results for Rode NT-SF1 A-format microphone captures are presented in the following sections.

3.3.1 Rode NT-SF1 to FOA

In Figure 6 below, the processing of Rode NT-SF1 A-format FOA microphone capture is visualized. Captured A-format signal is converted into B-format FOA signal, which is then encoded and decoded with IVAS candidate. The decoded FOA signal is then analyzed.
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Figure 6 Processing paths for Rode NT-SF1 microphone
The results are presented in Tables 7 and 8. With both test signals, the estimated N values are high, and estimated M and P values are low. At high bitrates, encoding nor decoding of FOA format in IVAS candidate doesn’t utilize filter banks for spatial analysis, thus the spacing of the frequencies in the test signals doesn’t have high impact to the results.
Table 7 Results of Rode NT-SF1 capture of test signal with 1/3rd octave frequency spacing. Encoder input signal is FOA signal.
	Source A
	Source B
	Signal component A
	Signal component B

	Position X1
	Position Y1
	

	


	
	
	



Table 8 Results of Rode NT-SF1 capture of test signal with CLDFB influenced frequency spacing. Encoder input signal is FOA signal.
	Source A
	Source B
	Signal component A
	Signal component B

	Position X1
	Position Y1
	

	


	
	
	




3.3.2 Rode NT-SF1 and Rode NT2-A to MASA

The processing path for Rode A-format microphone capture combined with pair of omnidirectional condenser microphone is shown in the Figure below. A-format capture is first converted into B-format FOA signal. Spatial analysis is then performed for the B-format FOA signal. Capture of microphone pair is used as a transport signal. Converted MASA signal is encoded with the IVAS candidate system. Decoded FOA signal is analysed. 
[image: ]
Figure 7 processing path for A-format and additional stereo pair capture for IVAS MASA
In Tables 9 and 10, the results of MASA encoded signals are presented. With 1/3rd frequency spacing, estimated N values are low, even negative, while estimated M and P values are high compared to the N estimations. However, when the test signal utilizes EVS CLDFB influenced frequency spacing, the estimated N values are higher than M and P values.

Table 9 Results of Rode captured test signal with 1/3rd octave frequency spacing. Encoder input signal is in MASA format.
	Source A
	Source B
	Signal component A
	Signal component B

	Position X1
	Position Y1
	

	


	
	
	



Table 10 Results of Rode captured test signal with CLDFB influenced frequency spacing. Encoder input signal is in MASA format.
	Source A
	Source B
	Signal component A
	Signal component B

	Position X1
	Position Y1
	

	


	
	
	



4. Summary
In this document the measurements and results of FOA output audio test with two different spatial capture devices are presented. We have identified problems with frequency component spacing of test signal in previously presented FOA test with input formats that utilizes CLDFB or other filter-bank in the spatial encoding or decoding. The measurements indicate that the proposed test method could be applied also for other input capture formats, if the test signal is designed with the filter-bank properties considered. 
We propose that CLDFB influenced frequency spacing is applied for the test signal of acoustic capture tests for spatial audio. In addition, we propose that the test signal should be 6 second long with 0.05 second fade-in and fade-out.
We invite other companies to evaluate the applicability of the test method presented in [1] and open up the discussion for defining all the rest test signal parameters for the test.
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