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Introduction
A model-based approach for generation of spatial speech test vectors for P.SUPPL800 is being considered by the Audio SWG for the IVAS codec selection tests. This approach relies on filtering of mono speech sentences with spatial room impulse responses respective a multitude of assumed talker positions to a given capture point. Contribution S4aA230011 [1] presented an example of a recording done by the source.
The present contribution describes the currently available first order ambisonics spatial room impulse recordings that the source could contribute to the IVAS codec selection campaign. Also provided for information is a compilation of an internal measurement guideline for measuring spatial room impulse responses. 
Available spatial room impulse responses
The following table displays the recorded spatial room impulses that could be shared under a suitable legal framework. The related measurements are based on principles documented in [2] and [3].

	Room
	#talker positions
	#capture points
	Microphone
	Reverb

	Listening room
	3 * 16(virtual)
	1
	Zoom H3-VR
	low

	Car
	5
	1
	Zoom H3-VR
	low

	Conference room 1
	6
	1
	Zoom H3-VR
	medium

	Conference room 2
	6
	1
	Zoom H3-VR
	medium

	Conference room 3
	6
	2
	Octo/Zylia
	high

	Open office space
	8
	1
	Octo/Zylia
	high



Room details


Listening room
The room layout and speaker positions are displayed below. 
[image: ]
The details of the relative speaker positions to the capture point are shown in the table below. Note that only 3 recordings were done with three different distances between loudspeakers and microphone. 15 additional sound directions were virtually obtained by rotating the ambisonics representation of the impulse responses.
	Room
	Position_ID
	Direction
	Distance
	Id
	x
	y
	unit
	Comment

	sto_listening_room
	1
	W
	0.5
	Wn
	0
	5
	0.1m
	

	Z(Zoom)=1.1m
	2
	W
	1
	Wm
	0
	10
	0.1m
	

	Z(LS)=1,1m
	3
	W
	3.4
	Wf
	0
	34
	0.1m
	

	
	4
	WNW
	0.5
	WNWn
	2
	5
	0.1m
	cloned

	
	5
	WNW
	1
	WNWm
	4
	9
	0.1m
	cloned

	
	6
	WNW
	3.4
	WNWf
	13
	31
	0.1m
	cloned

	
	7
	NW
	0.5
	NWn
	4
	4
	0.1m
	cloned

	
	8
	NW
	1
	NWm
	7
	7
	0.1m
	cloned

	
	9
	NW
	3.4
	NWf
	24
	24
	0.1m
	cloned

	
	10
	NNW
	0.5
	NNWn
	5
	2
	0.1m
	cloned

	
	11
	NNW
	1
	NNWm
	9
	4
	0.1m
	cloned

	
	12
	NNW
	3.4
	NNWf
	31
	13
	0.1m
	cloned

	
	13
	N
	0.5
	Nn
	5
	0
	0.1m
	cloned

	
	14
	N
	1
	Nm
	10
	0
	0.1m
	cloned

	
	15
	N
	3.4
	Nf
	34
	0
	0.1m
	cloned

	
	16
	NNE
	0.5
	NNEn
	5
	-2
	0.1m
	cloned

	
	17
	NNE
	1
	NNEm
	9
	-4
	0.1m
	cloned

	
	18
	NNE
	3.4
	NNEf
	31
	-13
	0.1m
	cloned

	
	19
	NE
	0.5
	NEn
	4
	-4
	0.1m
	cloned

	
	20
	NE
	1
	NEm
	7
	-7
	0.1m
	cloned

	
	21
	NE
	3.4
	NEf
	24
	-24
	0.1m
	cloned

	
	22
	ENE
	0.5
	ENEn
	2
	-5
	0.1m
	cloned

	
	23
	ENE
	1
	ENEm
	4
	-9
	0.1m
	cloned

	
	24
	ENE
	3.4
	ENEf
	13
	-31
	0.1m
	cloned

	
	25
	E
	0.5
	En
	0
	-5
	0.1m
	cloned

	
	26
	E
	1
	Em
	0
	-10
	0.1m
	cloned

	
	27
	E
	3.4
	Ef
	0
	-34
	0.1m
	cloned

	
	28
	ESE
	0.5
	ESEn
	-2
	-5
	0.1m
	cloned

	
	29
	ESE
	1
	ESEm
	-4
	-9
	0.1m
	cloned

	
	30
	ESE
	3.4
	ESEf
	-13
	-31
	0.1m
	cloned

	
	31
	SE
	0.5
	SEn
	-4
	-4
	0.1m
	cloned

	
	32
	SE
	1
	SEm
	-7
	-7
	0.1m
	cloned

	
	33
	SE
	3.4
	SEf
	-24
	-24
	0.1m
	cloned

	
	34
	SSE
	0.5
	SSEn
	-5
	-2
	0.1m
	cloned

	
	35
	SSE
	1
	SSEm
	-9
	-4
	0.1m
	cloned

	
	36
	SSE
	3.4
	SSEf
	-31
	-13
	0.1m
	cloned

	
	37
	S
	0.5
	Sn
	-5
	0
	0.1m
	cloned

	
	38
	S
	1
	Sm
	-10
	0
	0.1m
	cloned

	
	39
	S
	3.4
	Sf
	-34
	0
	0.1m
	cloned

	
	40
	SSW
	0.5
	SSWn
	-5
	2
	0.1m
	cloned

	
	41
	SSW
	1
	SSWm
	-9
	4
	0.1m
	cloned

	
	42
	SSW
	3.4
	SSWf
	-31
	13
	0.1m
	cloned

	
	43
	SW
	0.5
	SWn
	-4
	4
	0.1m
	cloned

	
	44
	SW
	1
	SWm
	-7
	7
	0.1m
	cloned

	
	45
	SW
	3.4
	SWf
	-24
	24
	0.1m
	cloned

	
	46
	WSW
	0.5
	WSWn
	-2
	5
	0.1m
	cloned

	
	47
	WSW
	1
	WSWm
	-4
	9
	0.1m
	cloned

	
	48
	WSW
	3.4
	WSWf
	-13
	31
	0.1m
	cloned





Car
The room layout and speaker positions are displayed below.
[image: ]

The details of the relative speaker positions to the capture point are shown in the table below.
	Room
	Position_ID
	Direction
	Distance
	id
	x
	y
	unit

	bmw320touring
	1
	SSE
	0.80623
	SSEn
	-70
	-40
	0.01m

	Z(Zoom)=1.1m
	2
	S
	0.7
	Sn
	-70
	0
	0.01m

	Z(LS)=1,1m
	3
	SSW
	0.78262
	SSWn
	-70
	35
	0.01m

	
	4
	NW
	0.48836
	NWn
	36
	33
	0.01m

	
	5
	ENE
	0.43909
	ENEn
	22
	-38
	0.01m





Conference room 1
The room layout and speaker positions are displayed below.
[image: ]
The details of the relative speaker positions to the capture point are shown in the table below.
	Room
	Position_ID
	Direction
	Distance
	id
	x
	y
	unit

	Sto_conf_small
	1
	N
	0.8
	Nn
	8
	0
	0.1m

	
	2
	ENE
	0.8
	ENEn
	3
	-7
	0.1m

	Z(Zoom)=1m
	3
	SE
	0.8
	SEn
	-6
	-6
	0.1m

	Z(LS)=1m
	4
	WSW
	0.8
	WSWn
	-3
	7
	0.1m

	
	5
	WNW
	0.8
	WNWn
	3
	7
	0.1m

	
	6
	NE
	4.0
	NEf
	-30
	-27
	0.1m





Conference room 2
The room layout and speaker positions are displayed below.

[image: ]

The details of the relative speaker positions to the capture point are shown in the table below.
	Room
	Position_ID
	Direction
	Distance
	id
	x
	y
	unit

	Sto_conf_large
	1
	W
	1.6
	Wn
	0.0
	16.0
	0.1m

	
	2
	NW
	1.6
	NWn
	11.3
	11.3
	0.1m

	Z(Zoom)=1m
	3
	N
	1.6
	Nn
	16.0
	0.0
	0.1m

	Z(LS)=1m
	4
	NNE
	1.6
	NNEn
	14.8
	-6.1
	0.1m

	
	5
	ENE
	1.6
	ENEn
	6.1
	-14.8
	0.1m

	
	6
	N
	5.6
	Nf
	56.0
	0.0
	0.1m



Conference room 3
The room layout and speaker positions are displayed below.
[image: ]

The details of the relative speaker positions to the capture point are shown in the table below.
	Room
	Position_ID
	Direction
	Distance
	z
	x
	y
	unit

	Myntet2
	11
	ene,n
	18.8
	0
	8
	-17
	1 dm

	 
	12
	n,n
	13
	0
	13
	0
	1 dm

	Z(Zylia)=1,2m
	13
	sw,n
	11.3
	0
	-8
	8
	1 dm

	 
	14
	s,n
	13
	0
	-13
	0
	1 dm

	Position_ID=
	15
	nne,f
	29.8
	2.5
	25
	-16
	1 dm

	10*Dst_ID+Src_ID
	16
	sse,f
	38.7
	2.5
	-37
	-11
	1 dm

	 
	21
	n,m
	25
	0
	25
	0
	1 dm

	 
	22
	mmw,m
	36.7
	0
	32
	18
	1 dm

	 
	23
	wnw,m
	27.9
	0
	10
	26
	1 dm

	 
	24
	w,n
	19
	0
	6
	18
	1 dm

	 
	25
	n,f
	44.1
	2.5
	44
	0
	1 dm

	 
	26
	s,m
	20.4
	2.5
	-19
	7
	1 dm



Open office space
The room layout and speaker positions are displayed below.
[image: ]
The details of the relative speaker positions to the capture point are shown in the table below.
	Room
	Position_ID
	Direction
	Distance
	z
	x
	y
	unit

	Myntet1
	1
	wnw,f
	107.7
	-1
	19
	106
	1 dm

	 
	2
	wsw,f
	76.4
	30
	-31
	63
	1 dm

	Z(Zylia)=1,71m
	3
	sse,f
	126.9
	-1
	-124
	-27
	1 dm

	 
	4
	s,n
	29
	-1
	-29
	1
	1 dm

	 
	5
	ne,m
	40.7
	-1
	19
	-36
	1 dm

	 
	6
	se,n
	24.7
	-1
	-13
	-21
	1 dm

	 
	7
	w,m
	41.3
	-1
	-5
	41
	1 dm

	 
	8
	wnw,m
	54.6
	-1
	26
	48
	1 dm



Figure 1 below depicts a conference room in which the source carried out SRIR recordings. The conference room is of medium-large size. 
Example measurement guideline
Below the source provides a compilation of an internal guideline for measuring SRIRs. 
Background
Spatial Room Impulse Responses can be used to synthesize spatial sound files from mono source inputs. This page describes how to capture spatial room impulse responses with the Zoom H3-VR FoA microphone.
Approach
The basic approach is to place the Zoom and the sound source generating speaker at the designated positions in the room, to play back a test signal and capture the response with the microphone. The spatial room impulse response is then obtained by deconvolution in the spectral domain, i.e. as IDFT of the ratio of the spectra of the captured and the test input signals.
The SRIR measurements are done in Matlab.  
SRIR measurements with Zoom are relatively noisy both due to additive noise but also likely due to non-linearities. To get more accurate and less noisy impulse responses, the measurements are made in multiple runs and the final impulse responses are obtained through averaging the individual results. 
32 runs should reduce the noise floor in the impulse responses by 15 dB. You may increase the number if these impulse responses are still too noisy and other reasons for the noisiness (ambient noise, Zoom mic noise, etc.) are already minimized. The SNR gain with the measurement is several runs should be 3dB * log2(NoRuns).
In case your room is very reverberant and the room impulse response length exceeds IRLen, it may be necessary to increase IRLen. If the room is relatively dry, you can select a shorter IRLen, which will reduce the measurement time.

Note: It is assumed that the speaker frequency response is approximately flat. However, it is possible to remove the influence of a non-flat frequency response in case it is known or can be measured in an anechoic room. Instead of speakers HATS could be used.   

Practicalities
Preparations
Measurement specification
There should be a measurement specification detailing the Zoom and loudspeaker placements for the measurements.
The measurement specification should specify Zoom and speaker positions for the measurements. The speaker placement relative to the Zoom position is specified assuming a square mesh with the origin at the Zoom position and a suitable mesh size unit <unit>. Use <xpos> and <ypos> to specify the relative speaker position with:
	<xpos>
	Northbound position of the speaker relative to the display face of the Zoom in the units specified in <unit> assuming a square mesh. 

	<ypos>
	Westbound position of the speaker relative to the left side of the Zoom (the face with the line out and USB connectors) in the units specified in <unit> assuming a square mesh. 

	<unit>
	distance of two meshes in metres, e.g. 0.1m.


As we are not considering influence of speaker directivity, the speaker should be directed towards the Zoom. Unless otherwise specified, the vertical position of the speaker should approximately match the vertical position of the Zoom. Both should be documented.
The measurement specification is an excel file and be stored under srir\<roomname>\mapping.xlsx. Here is an example to file srir\Sto_conf_large.xlsx:
	Room
	Position_ID
	Direction
	Distance
	id
	x
	y
	unit

	Sto_conf_large
	1
	w
	1.6
	w,n
	0.0
	16.0
	0.1m

	
	2
	nw
	1.6
	nw,n
	11.3
	11.3
	0.1m

	Z(Zoom)=1m
	3
	n
	1.6
	n,n
	16.0
	0.0
	0.1m

	Z(LS)=1m
	4
	nne
	1.6
	nne,n
	14.8
	-6.1
	0.1m

	
	5
	ene
	1.6
	ene,n
	6.1
	-14.8
	0.1m

	
	6
	n
	5.6
	n,f
	56.0
	0.0
	0.1m



There should also be a corresponding room map like the following:
[image: ]
Zoom microphone
SD card
The Zoom needs to have an SD card installed to which the recordings will be made.
FoA format
The Zoom supports various recording modes. As our default FoA format (component order and normalization) is AmbiX, the Zoom recording mode is set to AmbiX. Further, the recording format is set to Fs=48000Hz, 24 bit.
Zoom placement
Place the Zoom in the room according to the measurement specification. Make sure that position and orientation are as specified. By definition, we call the direction to which the Zoom display is facing North. 
Loudspeaker
Speaker model
Document the speaker model. As an example, the speaker used in Stockholm is a Genelec 8020B.
Speaker placement
Place the speaker in the room according to the measurement specification. As we are not considering influence of speaker directivity, the speaker should be directed towards the Zoom. Unless otherwise specified, the vertical position of the speaker should approximately match the vertical position of the Zoom.
Speaker volume and Zoom mic gain
Set the speaker volume such that the level of the test signal generated is sufficiently high relative to potential ambient noise in the room. A too high level may though increase the noise level due to non-linearities.
Adjust the Zoom mic gain such that the peak levels on the Zoom level meters for the test signal stays around -12 dBfs and that the overload led of the Zoom remains off.
Suitable playback levels and recording gains should be found by making some trials from a speaker position that is closest to the Zoom. After that, the playback level and the recording gain are left unchanged during the measurement session, such that level differences corresponding to different speaker-Zoom distances are retained in the measured impulse responses. Note that such trials are also be useful to determine a suitable IRLen parameter (see below).  
Ambient noise
Be sure that you do the recordings at times when there are least ambient sounds and noises. For instance, you may do the recordings out of office hours when air-conditioning/ventilation systems are off.
PC
Soundcard
Use some high-quality soundcard like PreSonus AudioBox.

Placement
It is assumed that the PC that will be used to generate the test signal is placed outside the measurement room. This will avoid that you are exposed to the test signal during the measurement and also avoids recording of sounds that you might make during the measurement.

Procedure
Measurement
1. Press the recording button on the Zoom.
2. Leave the room, close door.
3. Run the commands on the PC to play back the trigger signal.
4. Re-enter the room, stop the recording of the Zoom.
5. Repeat the above steps for the next speaker position.
Analysis	
1. Transfer the recorded noise files to your PC. These shall be 4-channel FoA wav files. Store the files in folder
srir\<roomname>\noise_responses.

2. Calculate the SRIRs given
· the noise trigger srir\<room>\trigger.mat,
· the noise responses in srir\<room>\noise_responses,
· the control data in the measurement specification in srir\<room>\mapping.xlsx.

3. Postprocessing
· Only the relevant part of the impulse responses should be retained. The leading and trailing noise floor is set to zero and truncated.

Conclusion
This contribution gives an overview of FOA spatial room impulse responses for multiple room environments that the source could share for use in the IVAS codec selection testing effort. Also provided is a guideline of how to generate the corresponding measurements.
discussed the topic of test material creation for P.800 based IVAS codec selection tests. Practical details of the model-based approach relying on filtering of mono sentences with SRIR are provided. The source invites interested parties to investigate that approach allowing the group to come to a timely decision if it should be adopted in the IVAS codec selection tests.
It is further proposed to discuss whether the general workflow of the well-established essential steps (beginning of section 2) should be added to the IVAS codec selection test plan.
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