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Introduction
In [1], it was recently proposed to add wind noise tests for terminals in the context of ATIAS. Reasons for wind tests in general were given and a draft of a wind noise test method was provided. The proposal refers to ETSI TS 103 640 [2], where a new clause on test methods for the evaluation of wind noise insertion gains was introduced in version 1.2.1.
In [2], there is no normative definition of a wind noise simulation yet, but an informative Annex is provided as a guidance for a possible realization of the simulation. Based on this Annex and earlier proposals from the ETSI work item [3], an initial study with two different ventilators was carried out to gather information and experience that could lead to normative definitions of a wind noise simulation in the next revision of TS 103 640.
Excerpts from this initial study are provided here as a basis for the discussions whether wind noise tests are necessary and feasible in the context of ATIAS. Practical aspects for this type of tests (e.g., noise of the ventilator itself) are considered for the two different wind generators. As [2] focuses on testing ANC headsets, the area of interest for the wind simulation is the direct vicinity of the head and particularly the ears. Given the wide range of possible application scenarios for immersive audio communication systems and the correspondingly wide range of possible form factors for the terminals, this is not representative for all use cases in ATIAS but will still provide information that can be adapted for other cases.
Test setup
For the study, two commercially available wind generators with circular flow outlets according to Table 1 were investigated.
[bookmark: _Ref106181402]Table 1: Wind generators used in investigation
	Identifier / Name
	Diameter of outlet [cm]
	Comment

	WG1 / Large
	31.0
	Large/huge device, would most likely not fit into typical measurement chambers

	WG2 / Compact
	15.7
	Compact device, to be used in typical measurement chambers



Both wind generators were coupled with additional ducts, which are necessary to provide a minimum amount of laminar flow, and are designed as follows:
· For WG1, the duct is made of metal and has an overall length of 139 cm. About one third of the duct is straight metal tubing, the other two thirds are a silencer element consisting of a perforated metal plate with insulation behind it. The inner diameters of the metal tubing and the silencer are practically identical, the silencer does not protrude into the air stream. 
· The setup for WG2 is simpler, it consists of straight PVC tubing with a length of 149 cm.

In the following, the identifiers WG1 and WG2 will be used for the two combinations of wind generator and duct: WG1 for the large wind generator with metal duct and silencer, WG2 for the compact wind generator with PVC tubing. Figure 1 illustrates the structure of both wind generators and introduces definitions of centre line and plane of the exit ports. Note that only the diameters are to scale, while everything else indicates only a schematic representation.
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[bookmark: _Ref106310515]Figure 1: Schematic illustrations of WG1 (upper) and WG2 (lower)
Measurement Results
Acoustic noise of wind generators
According to Annex A [2], the acoustic noise of the wind generator is measured in third octave bands from 20 Hz to 20 kHz using a reference microphone with appropriate wind screening at 30 cm without HATS. Results for both wind generators are shown in Figure 2. Note that the frequency range of the figure is slightly smaller than the actual range of the measurement to represent the relevant noise components in more detail as there is little noise towards the lower and upper edge of the range anyway.
[image: ]
[bookmark: _Ref106183461]Figure 2: Wind generator noises measured at 30 cm distance

The initially proposed limit (less than 40 dBSPL(A) across all frequency bands) cannot be achieved by both setups. However, both wind generator configurations do not provide an optimized acoustical treatment w.r.t. this proposed limit.

Wind speed
In absence of acoustic test equipment (HATS), the wind generator should produce a temporally and (up to a certain degree) spatially consistent wind speed. The test setup for both wind generators was designed as follows:
· The target wind speed is calibrated to 4.5 m/s at the centre position (30 cm in front of the centre of the wind outlet), indicated as C in the following.
· Two additional spatial points are defined between the two (virtual) EEPs of HATS, which is about 15 cm (30 cm in front of the wind outlet, +/- 7.5 cm in horizontal direction to C), indicated as L and R (left/right) in the following.
· Additionally, two spatial points are defined orthogonal to L/R (30 cm in front of the wind outlet, +/- 7.5 cm in vertical direction to C), indicated as T and B (top/bottom) in the following.

An illustration of the different measurement points at 30 cm from the outlet port is provided in Figure 3.
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[bookmark: _Ref106269795]Figure 3: Measurement points for spatial wind accuracy

The spatial accuracy is investigated for both setups by measuring the wind speed with a vane anemometer at eleven evenly spaced points (2.5 cm), each along the horizontal centre line (i.e., the line going through L, C, and R) and the vertical centre line (i.e., the line going through T, C, and B). 

The measurement results are shown in Figure 4 for horizontal and vertical axes. The error bars represent maximum and minimum wind speed observed during the measurement duration of at least 15 seconds that are provided by the anemometer. The target wind speed of 4.5 m/s is indicated by the dashed line.

[image: ]
[bookmark: _Ref106204345]Figure 4: Spatial distribution of wind speeds for both wind generators

It can be observed that the wind speed is distributed much more evenly for setup WG1. There are some variations along both axes, but all values are close to the target wind speed of 4.5 m/s. The differences between maximum and minimum are small as well, which indicates almost constant wind speeds at all measurement points. On the other hand, wind speed for WG2 decreases significantly at points close or outside the diameter of the outlet port. In that area, the differences between maximum and minimum increase as well, corresponding to larger variations in wind speed over time.
Wind noise at HATS
The following investigation targets the resulting wind noise at acoustic test equipment that is subject to the wind generated by the two setups. A HATS is positioned 30 cm in front of the wind outlet both for WG1 and WG2. The resulting wind noise was recorded for four different rotations. The rotations are denoted by their respective angles in degrees in the following:
· 0°: HATS is facing the wind generator
· 90°: right ear turned towards the wind generator
· 180°: HATS is facing away from the wind generator
· 270°: left ear turned towards the wind generator

The resulting wind noise is presented in Figure 5 by third-octave spectra with different colours for the two setups: blue for WG1 and orange for WG2.
[image: ]
[bookmark: _Ref106370056]Figure 5: Wind noise at the right ear of HATS without DUT
It can be observed that while there are some fundamental similarities between the curves, the two setups lead to wind noises that differ significantly. This is particularly obvious for higher frequencies. The wind noise for WG1 is substantially higher than for WG2 which corresponds to the measured wind speeds for the two setups.
Example Measurements with ANC devices
To illustrate how different wind speeds can lead to different wind noises, three commercially available ANC headsets are positioned on the HATS for both setups. The DUTs are labelled DUT 1 to DUT 3, DUTs 1 and 2 are in-ear devices, DUT 3 is an over-ear device. As before, the wind noise is presented in third-octave spectra using the same colour assignment. The results are depicted in Figure 6.
[image: ]
[bookmark: _Ref106372415]Figure 6: Wind noise at the right ear of HATS with DUTs with ANC
The resulting differences between the two wind generator setups are mostly smaller with the DUT than without it (cf. Figure 5). However, there are still significant differences between the two setups particularly for higher frequencies. As before, there is generally more wind noise for WG1. There are cases where the two wind generator setups provide comparable results but there are other cases where they differ significantly.
Conclusion
An initial study with two commercially available ventilator systems was conducted to investigate possible ways forward for the measurement of wind noise insertion gains in TS 103 640. The sizes of the two systems differ clearly: the smaller one could be integrated in typical measurement chambers, while the larger one would require a specialized measurement environment. It was observed that only the larger setup was able to fulfil the requirement for a spatially homogenous distribution of wind speeds. An analysis of wind noise showed that while there are similarities between the resulting noises, the two wind generator setups are not equivalent.
Accordingly, it is very relevant to specify the use cases or terminal categories, respectively, for which wind noise tests should be considered in ATIAS. For some types of terminals (e.g., headsets), there is a strong relation to the ongoing work in ETSI STQ, while for others (e.g., all variations of hands-free terminals – hand-held, desktop), the requirements and the sheer physical size of the device differs clearly. Thus, the source proposes to first discuss and clearly define the scope for such wind noise tests, before drafting test methods and requirements.
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