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1. Introduction
[bookmark: _Hlk142030222]The ATIAS work item develops test specifications for objective characterization of terminals for 3GPP immersive services, including conversational services and non-conversational services. Test methods for capturing multiple simultaneous acoustic sources [1] have been proposed and included to the ATIAS-1 permanent document [2]. In a previous contribution [3] the lowest frequency and disabling of certain frequency components in the test signal for MASA input format capture was proposed and incorporated into the permanent document. During the discussions, the question was raised whether the frequency components of the test signal should be disabled at the analysis or measurement phase.
In this contribution the disabling frequency components at analysis and measurement stage are studied with MASA capture. Experiments and results of the measurements are presented. Based on the presented results and analysis, the disabling of the frequency components is proposed to be applied at the measurement stage, i.e., in the test signal.
2. Discussion
In the original test method proposal, the test signal was proposed to comprise 1/3rd octave spaced AM/FM modulated sinusoidal frequency components. The MASA directional metadata is defined to contain a spatial directional information for certain analysis bands (400 Hz analysis bands for frequencies between 0 – 8000 Hz, 2000 Hz analysis bands between 8000 – 12000 Hz, 4000 Hz between 12000 – 16000 Hz, and 8000 Hz for above 16000 Hz) [4]. As the MASA format is designed to produce perceptually accurate parametric spatial representation for real-life signals, the number of active sound sources in a single analysis band may have an impact on the objective evaluation of the MASA capture with artificial test signals. 
If multiple sound sources within the same analysis band are active in different directions, a practical directional analysis can, e.g., result in jumping between these directions, finding a phantom direction between the real directions, or otherwise objectively decrease in quality. Such behavior may not be subjectively as noticeable as objective evaluation could indicate. Furthermore, the correctly coded directions at the upper analysis bands can produce desired spatial perception and mitigate the impact of the improper directional coding of the lowest analysis bands.
In Figure 1, the test signal with 1/3rd octave spacing is illustrated. In addition, the two lowest MASA analysis bands are visualized with light background colors and the proposed analysis masks for MASA are visualized with black lines. As the directional analysis is performed per analysis band, the presence of energy from multiple different directions will affect the objective evaluation. E.g., as signal A is emitted from azimuth of 0 degrees, and signal B is emitted from azimuth of 90 degrees with comparable amount of energy, the direction of the two lowest analysis bands could be estimated to point between these directions.
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Figure 1 Test signals with 1/3rd octave spacing. A signal emitted from azimuth of 0°, B signal emitted from azimuth of 90°.

3. Experiments
In this section, experimental results of the multisource spatial capture test method are presented. Results of captured level difference at the two lowest analysis bands are presented. 
3.1 Experiment setup
In order to evaluate, whether the frequency components should be disabled at analysis stage or in measurement stage, experiments with Eigenmike capture were conducted. Eigenmike captures in anechoic chamber were performed with two different test signals: firstly, with test signal comprising all the proposed frequency components with 1/3rd octave spacing and, secondly, with test signal where certain frequency components were disabled. Lowest frequency was set to 275 Hz for both test signals. Eigenmike captures were then converted into MASA signals, which were further encoded and decoded with IVAS candidate technology at the bit rate of 512 kbit/s. Evaluated decoded outputs were First-order Ambisonics (FOA) signal and 7.1+4 multichannel output. Both outputs were analysed separately. At the analysis stage, the evaluated frequency components were filtered with binary mask. Processing path of the experiments is visible in the Figure 3 below.
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Figure 4 Processing path from capture to analysis.
3.2 Results
[bookmark: _Hlk142305899]The results of two different disabling strategies for testing multisource capture with MASA format are presented in Tables 3 and 4. For both FOA and MC case the results indicate poor performance when the proposed frequency components were disabled at the analysis stage. However, when the frequency components were disabled already at the measurement stage, the results indicate proper spatial separation. 
Table 3 Results of different disabling strategies for decoded FOA output.
	[bookmark: _Hlk142296206]Eigenmike frequency component level differences at analysis vs measurement stage, FOA output

	Analysis band
	0-400 Hz
	400-800 Hz

	Frequency component
	f0 (275 Hz)
	f1 (550 Hz)

	 freq. comp. disabled at analysis
	-0.01 dB
	4.54 dB

	 freq. comp. disabled at measurement 
	8.18 dB
	12.43 dB



Table 4 Results of different disabling strategies for decoded 7.1+4 MC output.
	Eigenmike frequency component level differences at analysis vs measurement stage, MC output

	Analysis band
	0-400 Hz
	400-800 Hz

	Frequency component
	f0 (275 Hz)
	f1 (550 Hz)

	 freq. comp. disabled at analysis
	0.15 dB
	2.45 dB

	 freq. comp. disabled at measurement 
	14.12 dB
	12.56 dB



To illustrate the problem with the disabling strategy at the analysis stage, the output frequency response of analysed MC channels with binary frequency masks are visualized in Figure 5. The inspected frequency peaks do not have visible level differences, as the signals seem to have nearly equal power at every frequency. This is probably due to the presence of other frequency components at the same analysis band.
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Figure 5 Output with proposed frequency components disabled at the analysis stage.

In Figure 6 the output of analysed MC signals with proposed frequency components disabled in the test signal are visualized. The level difference of the frequency components emitted from different directions is clearly visible. 
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Figure 6 Output with proposed frequency components disabled at the measurement stage.



4. Conclusion
Certain frequency components were proposed to be disabled when test method for multiple simultaneous sound sources is performed with MASA capture. It was left to be verified whether the frequency components should be disabled at the analysis or measurement stage. In this contribution, the impact of disabling the frequency components at different stages are presented.
Based on the results, the proper objective spatial separation with MASA capture in the proposed test environment can be obtained only if certain frequency components are disabled at the measurement stage. This is due to the format definition of directional metadata in MASA format, which is based on perceptual performance of real-life signals. As the high-end spherical microphone with excellent spatial capture performance was used for the experiments, the obtained poor spatial separation performance when proposed frequency components were disabled at analysis stage is assumed to be due to the test signal definition. In order to verify this assumption, a similar acoustic scene with a natural speech signal was captured and processed using the same setup. The corresponding subjective quality was perceived as excellent.
The source proposes that the disabling of certain frequency components is applied at the measurement stage, when the multiple simultaneous sound source test method is used for MASA format. 
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