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Introduction
At the Audio SWG Call on December 15th, 2023, a proposal on how to set up characterization test experiments was made in [1]. Alternative 1 of said proposal was included as basis for further work in the latest draft of IVAS-8b.

The source has continued investigations into the proposed test concept and carried out two crowd-sourced P.808 DCR tests with naïve subjects on the proposals.

Test Setup

Two tests for stereo and First Order Ambisonics (FOA) have been set up. The DCR tests compare IVAS against EVS mono at the same bitrate.

The following executables have been used:
· IVAS: Executable from https://forge.3gpp.org/rep/ivas-codec-pc/ivas-codec/-/tree/main,  Version 7d038af7a99a63638508d9d0226330b512614ca3
· EVS: 3GPP TS 26.443, v17.0.0

Test Conditions
Stereo

For the stereo test, the following conditions were in the test:
 
	Label
	Condition
	Bitrate [kbps]
	DTX

	c01
	Reference
	-
	-

	c02
	Mono
	-
	-

	c03
	MNRU Q=32 dB
	-
	-

	c04
	MNRU Q=27 dB
	-
	-

	c05
	MNRU Q=22 dB
	-
	-

	c06
	MNRU Q=17 dB
	-
	-

	c07
	ESDRU 
	-
	-

	c08
	ESDRU 
	-
	-

	c09
	ESDRU 
	-
	-

	c10
	EVS
	1x13.2
	Off

	c11
	EVS
	1x16.4
	Off

	c12
	EVS
	1x24.4
	Off

	c13
	EVS
	1x32.0
	Off

	c14
	EVS
	1x48.0
	Off

	c15
	EVS
	1x64.0
	Off

	c16
	EVS
	1x96.0
	Off

	c17
	EVS
	1x128.0
	Off

	c18
	IVAS FL
	13.2
	Off

	c19
	IVAS FL
	16.4
	Off

	c20
	IVAS FL
	24.4
	Off

	c21
	IVAS FL
	32.0
	Off

	c22
	IVAS FL
	48.0
	Off

	c23
	IVAS FL
	64.0
	Off

	c24
	IVAS FL
	80.0
	Off

	c25
	IVAS FL
	96.0
	Off

	c26
	IVAS FL
	128.0
	Off



As proposed, the test material consisted of 6 different categories:

· Cat 1: Clean speech (English) – items generated by processing scripts, no background noise
· Cat 2: Clean speech (English) – items generated by processing scripts, no background noise
· Cat 3: Noisy speech (English) – items generated by processing scripts, 15 dB SNR, car noise
· Cat 4: Noisy speech (English) – items generated by processing scripts, 15 dB SNR, office noise
· Cat 5: Mixed music
· Cat 6: Mixed music

Item generation for clean and noisy speech and processing was done according to the IVAS selection test plan [2]. For category 5 and 6, a selected set of critical mixed and music items was used. Unless limited by the item generation or the codec itself, full-band material was used throughout. 

For the stereo conditions, no rendering has been applied. For the mono anchor and the EVS mono conditions, a mapping to stereo playback has been applied.

First Order Ambisonics

For the first order Ambisonics test, the following conditions were in the test:

	Label
	Condition
	Bitrate [kbps]
	DTX

	c01
	Reference
	-
	-

	c02
	Mono
	-
	-

	c03
	MNRU Q=32 dB
	-
	-

	c04
	MNRU Q=27 dB
	-
	-

	c05
	MNRU Q=22 dB
	-
	-

	c06
	MNRU Q=17 dB
	-
	-

	c07
	ESDRU 
	-
	-

	c08
	ESDRU 
	-
	-

	c09
	ESDRU 
	-
	-

	c10
	EVS
	1x13.2
	Off

	c11
	EVS
	1x16.4
	Off

	c12
	EVS
	1x24.4
	Off

	c13
	EVS
	1x32.0
	Off

	c14
	EVS
	1x48.0
	Off

	c15
	EVS
	1x64.0
	Off

	c16
	EVS
	1x96.0
	Off

	c17
	EVS
	1x128.0
	Off

	c18
	IVAS FL
	13.2
	Off

	c19
	IVAS FL
	16.4
	Off

	c20
	IVAS FL
	24.4
	Off

	c21
	IVAS FL
	32.0
	Off

	c22
	IVAS FL
	48.0
	Off

	c23
	IVAS FL
	64.0
	Off

	c24
	IVAS FL
	80.0
	Off

	c25
	IVAS FL
	96.0
	Off

	c26
	IVAS FL
	128.0
	Off



As proposed, the test material consisted of 6 different categories:

· Cat 1: Clean speech (English) – items generated by processing scripts, no background noise
· Cat 2: Clean speech (English) – items generated by processing scripts, no background noise
· Cat 3: Noisy speech (English) – items generated by processing scripts, 10 dB SNR, car noise
· Cat 4: Noisy speech (English) – items generated by processing scripts, 15 dB SNR, office noise 
· Cat 5: Mixed music
· Cat 6: Mixed music

Item generation for clean and noisy speech and processing was mostly done according to the IVAS selection test plan [2]. Different to the processing in [2], by mistake no room noise was added to category 1 and 2. For category 5 and 6, a selected set of critical mixed and music items was used. Unless limited by the item generation or the codec itself, full-band material was used throughout. 

For the FOA conditions, binaural rendering to stereo has been applied. For the mono anchor and the EVS mono conditions, a mapping to stereo playback has been applied.

Test Procedure

Both tests have been carried out as crowd-sourced tests according to P.808 using naïve subjects. The test was implemented using an adapted version of the webMUSHRA software [3] which runs in the subjects web browser. 

In order to participate in the test, the subjects had to pass a qualification phase, where they were asked or tested
· Whether they conduct the test in a quiet and undisturbed environment
· Whether they conduct the test using wired headphones
· Which hearing ability class they would assign themselves
· Whether English is their mother tongue or whether they have equivalent language skills
· Whether they are using stereo headphones in the right orientation

The following test instructions were displayed to the subjects at the beginning of the test:

Dear participant,
many thanks for your interest in our online test!

In this experiment you will be evaluating systems that might be used for future immersive telecommunication services using spatial audio. Spatial audio means that you can locate various sound sources around yourself. For example, a first talker may appear to talk from the left-hand side and a second talker from the right-hand side, a talker can be moving, etc.

In each trial, you will hear a reference audio sample followed by a test sample. The test sample has the same content as the reference sample, but it is possibly impaired after it has passed through a telecommunication system.

Your task is to evaluate the overall impairment of the second sample compared to the first sample, comprising both degradations in the sound quality (e.g., due to additional noise, roughness, clicks or other distortions), and/or differences in the spatial representation (e.g., sound source location, distance, spatial width, movement, etc.).

You should listen carefully to both samples within a trial. When they have finished, select the category that best describes your overall impression about the amount of any impairment you can perceive in the second sample relative to the first sample:

· 5 - No impairment
· 4 - Small impairment
· 3 - Moderate impairment
· 2 - Large impairment
· 1 - Very large impairment
Note that the level of impairments present in different test samples is expected
to span the complete range of the rating scale during the experiment.
Subsequently, the subjects were asked to adjust the volume and a training phase was conducted before the test started.

Test Results and Discussion
Stereo

For the stereo test, 27 subjects qualified and completed the test. Confidence Intervals are indicating 95% confidence using Student-t distribution. The DMOS values displayed above the bar are rounded to the first decimal digit.
[image: Ein Bild, das parallel, Text, Reihe, Wolkenkratzer enthält.

Automatisch generierte Beschreibung]
The test results show a statistically significant difference between stereo reference and uncoded mono conditions, although both conditions are graded rather high.
The MNRUs span the range from 4.2 to 2.3, which is considered to be acceptable. The ESDRUs however only span the range from 4.1 to 3.6, which seems to be too high.
With the exception of 13.2 and 48 kbit/s, the IVAS Stereo codec is graded significantly better than EVS mono at the same bitrate.

First Order Ambisonics

For the FOA test, 26 subjects qualified and completed the test. Confidence intervals are indicating 95% confidence using Student-t distribution. The DMOS values displayed above the bar are rounded to the first decimal digit.
[image: Ein Bild, das Wolkenkratzer, parallel, Text, Reihe enthält.
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The test results show a statistically significant difference between FOA reference and uncoded mono conditions, although both conditions are graded rather high and the difference is slightly smaller than in the Stereo experiment.
The MNRUs span the range from 4.2 to 2.3, which is considered to be acceptable and roughly identical to the Stereo experiment. The ESDRUs however only span the range from 4.3 to 3.9, which seems to be too high. The span for the ESDRUs is approximately the same as for the Stereo experiment, but it’s graded slightly higher.
With the exception of 13.2 and 48 kbit/s, the IVAS FOA codec is graded significantly better than EVS mono at the same bitrate.
Compared to the Stereo experiment, the differences between FOA and mono conditions seem to become slightly smaller. 

Conclusion

The test concept as proposed in [1] was evaluated using crowd-sourced P.808 DCR tests. Although it was carried out in a non-controlled environment, both tests were able to show statistically significant differences between mono and immersive conditions for both, references/anchors and coded conditions. 

The source is of the opinion that the proposed concept is a valid proposal for the IVAS characterization tests.
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