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1. Introduction
IVAS-7a (Processing plan for selection phase [1]) and IVAS-8a (Test plan for selection phase [2]) are targeted for completion at this meeting.
[bookmark: _Int_VRYhSEUY]According to IVAS-8a, a mix-based approach using artificially created stereo/spatial speech and separate background recordings will be used in the P.SUPPL800 experiments. This requires high-quality material for both the artificial item generation (i.e., impulse responses) and backgrounds collected by the Material Collection Entity (MC). These materials should also be sufficiently varied to guarantee good signal coverage and to avoid any “over-fitting”, which is often a significant risk with artificially generated content.
This input document provides examples on immersive recordings and details how spatial impulse responses SRIRs can be recorded, analyzed, and normalized.
2. Discussion
Practical recordings of spatial audio test material in general [3] and generation of spatial room impulse responses [4] [7] have been described recently. In this document we describe the exact steps needed to create SRIR responses.
3. Test signal generation script
The source has found out that two test signal types are commonly used for recording room impulse responses. Sinusoidal sweep type signal according to some publications provide good SNR. Other papers recommend using MLS type measurements signals. For both test signals the same analysis method can be used. 
The attached .zip -file contains CreateMeasurementSignals.m Matlab script-file, that can be used to create measurements signals. The script creates a measurement signal, where first a short MLS sequence of approximately 0.5 second is created. This is convenient to locate the start of the sequence from long recordings. Then after a second pause there are four sinusoidal logarithmic sweep of length 8 seconds (20Hz – 24kHz). Finally, there are four MLS sequences of length approximately 5.5 seconds. The resulting measurement signal waveform can be seen in Figure 1.
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Figure 1 Test sequence with short MLS burst followed by 4x sinusoidal logarithmic sweep (20Hz – 24 kHz) and 4x ~5.5 seconds MLS sequence
3.1 Room impulse response recordings
[bookmark: _Int_HNliZXTY]In order to record spatial room impulse responses, you need to have one high quality loudspeaker and one or more spatial microphones. You can record multiple microphones at the same time. The loudspeaker playback volume should be as high as possible for the highest possible SNR. However, be aware of not distorting the playback. The source used Genelec 8331A loudspeaker, which flashes overload led, if too high loudness is requested. Turn down the playback volume until distortion free playback for the whole sequence is successful.
[bookmark: _Int_C7yxFSaf]After a successful measurement signal is recorded you can move the loudspeaker to another position in your environment and record the next position. We recorded about ten positions in each room. In the car, we put the loudspeaker in every seat (5 positions). The loudspeaker height was adjusted, where the talker’s mouth would be located for the required position. For loudspeaker direction we put it pointing towards one of the microphones or other logical direction.
An example of recorded stereo SRIR measurement signal is shown in Figure 2. As can be seen the loudspeaker is towards the left of the stereo microphone, since the volume is higher at the left channel.
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Figure 2 Recorded stereo measurement signa
When zooming to the beginning of MLS sequence recording, we can also in Figure 3 see that audio arrived earlier to the left channel. The microphone has thus some distance between the left and right microphone capsules.
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Figure 3 Zoomed view of the beginning of the MLS sequence
3.1 SRIR Analysis script
The source has found out with practical recordings that sinusoidal sweep signal works with multiple devices. For example, playback of the measurement signal can be done with one device (e.g., laptop with soundcard) and measurement recording can be done with a portable field recorder. If the devices are not externally synchronized there is always some clock drift between different devices, and this causes MLS method to fail totally or have unreasonably high background noise level. Sinusoidal method on the other hand, even in this case provides usable results. Also, in case of possible clock drift averaging over multiple recordings is not recommended. Use only a single sweep for analysis.
Attached .zip file contains AnalyseNormalize_SRIR.m Matlab-script that can be used to analyze the recorded test-signal and create SRIR impulse responses in the required format such as STEREO, FOA or MASA [5]. Before analysis high-pass or DC block filtering may be used to obtain more stable signal. The author used DC-block filtering, which is also included in the directory. The analysis is done in frequency domain by solving the following equation for each microphone channel 
G=Y./H 		
where Y is the measurement and H is the target signal (e.g., the sinusoidal sweep). The impulse response is then found out by converting the solved G back to time domain. 
The script also contains a method for normalizing the SRIR impulses to reasonable levels. This means that when mono input signal of level –26 dB is convolved with the SRIR impulses and then rendered to binaural format the output signal level is also approximately -26 dB.
Normalization is done so that a specific mono test signal consisting of one second pink noise, male speech, 1 second white noise and female speech (each of them was separately adjusted to -26 dB) is convolved with the impulse response and then in case of stereo the output signal level is measured with bs1770. Level analysis signal is shown in Figure 4.
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Figure 4 Level analysis signa with 1 second pink noise, male speech sequence, 1 second white noise and female speech sequence. All subsegments have level of -26dB.
[bookmark: _Int_YCE8vlJq]Finally, the analysis script tries to put the first arriving channel’s impulse peak to 2 ms position. The length of the impulse response is set to 200ms. The impulse response has 24 sample fade-in and 60 sample fade-out as proposed in [6] Annex A.
Finally, the gain of the impulse response is adjusted based on the measured output level so that resulting stereo audio has also -26 dB level. Figure 5 shows the initial 15ms of normalized stereo SRIR. As can be seen also in the impulse response signal: left channel has the impulse first and has higher signal level. Also, some room dimensions and microphone placement related first reflections can be noticed.
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Figure 5 First 15 milliseconds of the final stereo SRIR
4. Summary
Method for obtaining SRIRs from measurements is presented with corresponding Matlab scripts in the hope that many RIRs will be contributed by several companies to the forthcoming IVAS selection and characterization testing. 
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