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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. Proposed test methods for Immersive audio formats are gathered in the ATIAS-1 Permanent document [1]. However, no evaluations are made for some of the proposals, thus decision regarding the relevance of such proposals may not be made. 
In this contribution, evaluation results of the proposed “Directivity test of FOA using virtual microphones [2]” are shared. Two possible analysis schemes with the virtual microphone approach from decoded FOA output are assessed with two different commercial FOA microphones. In addition, analysis results of the same capture devices with MASA input format are presented.

2. Discussion
Two first-order Ambisonics microphones were assessed with the proposed virtual microphone test. Microphones under test were Sennheiser Ambeo and RODE SF-NT1. Tests were conducted in an anechoic room. Small loudspeaker was placed in the distance of 1.3 meters from the device, and the device was rotated according to the tested direction. 
A-format captures of the microphones were converted into B-format with dedicated format converter plug-ins (Ambeo A-B format converter, Rode SoundField). MASA signals were created from the B-format signals with the MASA C-reference software [1]. Captured and converted test signals were then encoded and decoded with IVAS codec at the bitrate of 512 kbit/s. Decoded output format was FOA.
2.1 Test 1
Two different virtual microphone scenarios were evaluated. First test was done with a static sound source at azimuth of 90° and elevation of 0°. The very basic virtual microphones were created as suggested in [2], where the proposed virtual microphones are:
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Figure 1 Test setup and visualization of virtual microphones for test 1
These virtual microphones represent the positive and negative polarities of the captured Y component. 
As the sound source was located at the angle of 90°, the level of virtual microphone A should be significantly higher than the virtual microphone B. In contrast to the original proposal, presented results are calculated such that , i.e., virtual microphones pointing at the opposite directions should produce negative level difference, and the levels of virtual microphones pointing towards the same direction should be equal. The level differences were calculated over the whole frequency band.
Results of the evaluated microphones with different input formats are presented in the table 1:

Table 1 Obtained level differences of virtual microphones A and B.
	
	Ambeo (SBA 1)
	Rode (SBA 1)
	Ambeo (MASA)
	Rode (MASA)

	
	
	
	
	




2.1 Test 2
Second test was done with a sound source positioned at five different azimuth angles: 0°, 30°, 60°, 90°, and 180°. Elevation of the loudspeaker was 0°. Virtual microphone A was calculated to point towards the sound source, and virtual microphone B was rotated across the circle with 10° steps. Created virtual microphones were super-cardioids with . The equations for creating free-field normalized virtual microphones A and B are shown below:



where  denotes number of steps () and  step size of 10 degrees. Results are shown in Figures 2 and 3. 
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Figure 2 Results of rotated virtual microphone test 2 with FOA microphone captures and SBA input format.
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Figure 3 Results of rotated virtual microphone test 2 with FOA microphone captures and MASA input format.

The figures above shows that the level difference increases as the angle between virtual microphones increases up to ~180°, as expected. For both ambisonics and MASA, the highest level difference can be obtained near the opposite direction. Due to the super-cardioid polar patterns of the applied virtual microphones, the highest level difference is not necessarily produced by the virtual microphone positioned at angle difference of 180°. With SBA input format the level differences are rather consistent across different sound source directions, while with the MASA inputs there is minor fluctuation on the level differences among different sound source angles. However, level differences with MASA inputs are equal or higher compared to level differences obtained with SBA inputs.

3. Conclusion
The source sees that the virtual microphone test could be applicable for evaluating immersive capture performance of devices utilizing SBA or MASA capture formats. If the test is done with a rotating virtual microphone, a valid information regarding the directional capture performance over the whole sound field can be obtained, rather than just for the assessed direction.
However, there are still several aspects to be defined, such as the assessed directions of the virtual microphones and the evaluated directions of the sound source. Furthermore, it could be meaningful to assess level differences at different frequency bands or at a certain frequency band, rather than from the whole band, as the spatial capture accuracy of small devices with limited number of microphones may not be frequency independent. 
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