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[bookmark: _Toc332969170][bookmark: _Toc332971921][bookmark: _Toc332969171][bookmark: _Toc332971922][bookmark: _Toc200460821][bookmark: _Toc200769164][bookmark: _Toc200773818][bookmark: _Toc200773890][bookmark: _Toc197311359][bookmark: _Toc234919357]At meeting SA4#114-e the source provided a contribution on reference designs for IVAS codec tests [1]. Besides the test design that were subsequently incorporated into Appendix I of Pdoc IVAS-8a, that contribution contained test results. By the time of the submission, only the results of a first experiment were available while the completion of a second experiment was pending due to the pandemic.
Meanwhile, the source was able to finalize that pending experiment. The results and a few observations are provided in this contribution as an update to the original contribution [1]. The updates are provided with revision marks. The purpose is to have the results for reference purposes.
Besides providing this update, it is suggested to update Appendix I of Pdoc IVAS-8a such that it makes additional reference to the present contribution and removes an editor’s note mentioning that test results are pending. A correspondingly updated version of Pdoc IVAS-8a is included in the zip archive of the present contribution. 

Introduction
Finding proper methods for IVAS codec testing will be a crucial and challenging task for the successful execution of the IVAS codec work item. In the past SA4 meetings several contributions related to IVAS codec testing were discussed, e.g. [1], [2], [3] at last SA4#113-e meeting. The difficulty arises from the fact that quality evaluations of stereo and spatial voice and audio, as will be relevant for IVAS use cases, is a relatively unexplored field and that best practices from comparable standardization efforts are lacking.   
It is thus one objective of this contribution to share for information and discussion the design and corresponding results of a P.800 quality assessment of spatial (first order Ambisonics (FoA)) speech. On a general level, the contribution suggests to document test designs potentially relevant for the forthcoming IVAS codec evaluations in a Pdoc and to invite parties to contribute such test designs to that Pdoc. If the test design provided with this contribution is found suitable, it is proposed to include it as a first reference test design for P.800 testing of FoA speech.    
Example P.800 DCR test of spatial (FoA) speech
[bookmark: _Hlk70018344]Test Purpose
Build an opinion about suitability of modified P.800 DCR test methodology for quality assessments of immersive conversational speech.
Test Outline
· 2 Experiments 
· Exp1: use case ‘immersive conferencing’ with Ambisonics (FoA) spatial speech, 6 content type categories constructed as follows: 
· Model-based relying on convolution of raw mono clean speech sentences convolved with (FoA) Spatial Room Impulse Responses respective various talker positions relative to a capture point. The Spatial Room Impulse Responses were recorded in the respective conference rooms.
· Spatialized sentences are combined to sentence pairs and mixed with spatial (FoA) ambient noise.
· 2 relatively low background noise levels (30, 40 dB SNR, based on level normalization according to ITU-R BS.1770-4 [4])
· Reverberance typical for 2 conference rooms (large and small)
· 2 talker interactions types: sentence pairs with and without ‘overtalking’ (1s overtalk)
· Language: Polish
· Lab: Dolby Wroclaw (Poland)
· Exp2: Immersive telephony while on the move (outside) with Ambisonics (FoA) spatial speech, 6 content type categories constructed as follows:
· Model-based relying on convolution of raw mono clean speech sentences convolved with (FoA) Spatial Room Impulse Responses respective various talker positions relative to a capture point. The Spatial Room Impulse Responses were recorded in the respective test environments (car) or a low-echoic room approximating the other environments.
· Spatialized sentences are combined to sentence pairs and mixed with spatial (FoA) ambient noise.
· Moderate to high background noise levels (15, 20, 25dB SNR, based on level normalization according to ITU-R BS.1770-4 [4])
· Various environments: street, car, public indoor (shopping mall, subway station)
· No talker interactions (no ‘overtalking’): sentence pairs without ‘overtalking’ (1s gap)
· Language: American English
· Lab: Dolby San Francisco (USA)/remote (home environment)
General Consideration of Experiments
· Six categories of content types.
· 30 subjects, five listening panels (six subjects per panel), each panel with an independent randomization.
· Five samples per category (one for each listening panel).
· Randomizations constructed under “partially-balanced/randomized blocks” experimental design described in “Practical procedures for subjective testing”, [5].
· Every condition has 30 different samples passed through it (6 categories x 5 panels). Each of these are voted on by the 6 subjects in the panel, giving: (30 samples x 6 subjects/panel) = 180 (150) votes per condition.
· 30 test conditions x 6 categories = 180 DCR trials.
· Average trial duration: 16 s (6.5 s reference sample +0.5 s silence + 6.5 s test sample + 2.5 s voting period).
· Test duration: ~1.6 h per listening panel. Test duration comprises 50% of actual listening/voting time (48 min) and 50% test overhead including orientation, instructions, preliminaries, and rest breaks
· The listening sessions were split into a number of sub-sessions with breaks in between to allow for the subject to relax. This was to avoid listener fatigue.
· Test platform: Dolby-internal
Degradation references (anchors)
According to ITU-T Rec. P.811 Appendix II, P.811 [6] overall quality scores strongly correlate with P.800 DCR scores if the latter is run with modified instructions and degradation references that span both signal and spatial quality dimensions. P.811 suggests using P.50 MNRU for signal degradation anchors and SDRU/ESDRU for spatial degradation anchors. P.50 MNRU is a modulated noise reference unit with P.50-artificial voice weighting. SDRU/ESDRU are spatial degradation reference units defined for stereo signals that gradually, depending on a degradation parameter α, impair the stereo image without substantially causing signal distortions. A random process additionally introduces temporal fluctuations ranging from the original to the maximally degraded stereo image. The ESDRU applies a more sophisticated random process.  
We followed this recommendation and adapted the P.50 MNRU and the ESDRU to derive degradation anchors for our P.800 experiments with binauralized FOA content.
For the P.50 MNRU the adaptation is that it is coherently applied (same seed) to all 4 FOA signals. This has the perceptual effect that the spatial direction of the introduced signal distortion coincides with the spatial signal direction. Thus, the introduced signal distortion does not significantly affect the spatial image.
The ESDRU on the other hand is directly applied to the two binaural channels after binaural rendering of the FOA signal.
A limited subjective experiment was carried out to
1. verify the suitability of these degradation anchors,
2. to verify the basic assumption that the P.50 MNRU has little impact on spatial distortion and vice-versa that the ESDRU has little impact on perceived signal distortion, and
3. to find suitable P.50 MNRU and ESDRU degradation parameters Q and, respectively, α.
In the experiment 6 FOA voice vectors were degraded either with P.50 MNRU values of Q=30, 25, and 20 dB or with ESDRU parameter values of α = 0.8, 0.55, and 0.3. These vectors were evaluated in a Mushra test (with 3 expert listeners) with the three quality attributes overall quality (Overall), signal quality (SIG), and spatial quality (SPA).
The results are displayed in the following plots:
[image: ]
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From the plots, the following observations can be made:
· The P.50 MNRU degradation affects mainly signal (SIG) and Overall quality while spatial quality (SPA) is less impacted.
· The ESDRU degradation affects mainly spatial (SPA) and Overall quality while signal quality (SIG) is less impacted.
· The P.50 MNRU induced signal degradation appears a bit too strong and should be softened for the P.800 tests.
· The ESDRU induced degradation is too strong, which results in that spatial and overall quality start to saturate at the lower end. Consequently, for the P.800 tests, it was decided to increase the α parameters.
Factors and conditions
	Main Codec Conditions
	
	

	Codec under Test (CuT)
	11
	Dolby-internal FoA coding system

	
	
	

	Codec references
	
	

	Codec references
	12
	Multi-mono 4xEVS operated at 
4*8, 4*9.6, 4*13.2, 4*16.4, 4*24.4, 4*32, 4*48, 4*64, 4*96 kbps with DTX off and
4*13.2, 4*16.4, 4*24.4 kbps with DTX on

	
	
	

	Other references
	
	

	Direct
	1
	Nominal input level

	P.50 MNRU (applied to all FoA components)
	3
	Q=22, 27, 32 dB (all: nominal level)

	ESDRU [6] 
	3 
	α = 0.55, 0.7, 0.85 (output loudness forced to nominal level)  

	
	
	

	Common Conditions
	
	

	Test item generation: pre-processing incl. spatialization
	1
	Model-based relying on convolution of raw mono clean speech sentences convolved with (FoA) Spatial Room Impulse Responses respective various talker positions relative to a capture point and spatial (FoA) ambient noise mixing

	Binaural renderer
	1
	FoA to binaural rendering according to [7]

	Audio sampling frequency/bandwidth
	2
	48 kHz/SWB except for 4xEVS@4*8kbps which is 48 kHz/WB

	Content types (categories)
	6
	Exp1: 6 Different conference rooms and talker interactions
Exp2: 6 Different background noise types and levels

	Kind of samples
	1
	Sentence pair uttered by different talkers and genders (3 male and 3 female)

	Number of samples
	5
	per content type

	Input frequency mask
	1
	Flat

	Nominal output loudness
	1
	-26 LKFS (ITU-R BS.1770-4 [4])

	Listening Level
	1
	73 dB SPL

	Listeners
	30
	Naïve Listeners

	Randomizations
	5
	5 panels of 6 listeners

	Rating Scale
	1
	DCR with modified instructions

	Replications
	1
	

	Languages
	1
	Exp1: Polish, Exp2: American English

	Listening System
	1
	High-quality headphone for diotic presentation

	Listening Environment
	1
	No room noise


Preliminaries (familiarization of listeners)
	Main Codec Conditions
	
	

	Codec under Test (CuT)
	0
	

	Codec references
	5
	Multi-mono 4xEVS operated at
4*8, 4*13.2, 4*24.4, 4*48, 4*64, with DTX off

	
	
	

	Other references
	
	

	Direct
	1
	Nominal input level

	P.50 MNRU (applied to all FoA components)
	3
	Q=22, 27, 32 dB (all: nominal level)

	ESDRU [6] 
	3
	α = 0.55, 0.7, 0.85 (output loudness forced to nominal level)  

	
	
	

	Common Conditions
	
	

	Test item generation: pre-processing incl. spatialization
	1
	Model-based relying on convolution of raw mono clean speech sentences convolved with (FoA) Spatial Room Impulse Responses respective various talker positions relative to a capture point and spatial (FoA) ambient noise mixing

	Audio sampling frequency/bandwidth
	1
	48 kHz/SWB except for 4xEVS@4*8kbps which is 48 kHz/WB

	Content types (categories)
	6
	Exp1: 6 Different conference rooms and talker interactions
Exp2: 6 Different background noise types and levels

	Number of samples
	1
	per content type

	Input frequency mask
	1
	Flat

	Nominal output loudness
	1
	-26 LKFS (ITU-R BS.1770-4 [4])

	Listening Level
	1
	73 dB SPL

	Listeners
	30
	Naïve Listeners

	Randomizations
	1
	Same randomization for the 5 panels of 6 listeners

	Rating Scale
	1
	DCR with modified instructions

	Replications
	1
	

	Languages
	1
	Exp1: Polish, Exp2: American English

	Listening System
	1
	High-quality headphone for diotic presentation

	Listening Environment
	1
	No room noise


Instructions to listeners and Degradation Scale
The following presents the modified DCR test instructions given to the subjects and the five-point degradation category scale used in the test: 
"Evaluation of the quality of future 3D audio telephony and conferencing systems"
In this experiment you will hear pairs of speech samples that have been recorded through various experimental 3D audio telephone and conferencing equipment. You will listen to these samples through a set of stereo headphones.
What you will hear is a first sample containing one pair of sentences from two talkers, a short period of silence, and a second sample. You will evaluate the OVERALL quality of the second sample compared to the quality of the first sample.
You should listen carefully to each pair of samples. As soon as a sample pair has been completely played back, you should register your opinion on ANY kind of degradation of the second sample compared to the first sample. Please consider in your vote, besides, e.g., the quality of the speech or other sounds, also any change in the perceived location of voices or sounds or changes in spatial width.
Then, when the system requests your vote, please record your opinion on the OVERALL quality using the following scale:
The OVERALL quality DEGRADATION of the Second Compared to the First is:
5: Inaudible
4: Audible but not annoying
3: Slightly annoying
2: Annoying
1: Very annoying
You will have five seconds to record your answer by pushing the button corresponding to your choice. There will be a short pause before the presentation of next pair of sentences.
We will begin with a short practice session to familiarize you with the test procedure. The actual tests will take place during multiple sessions with short breaks in between.

Degradation Scale
The OVERALL quality DEGRADATION of the Second Compared to the First is:
5: Inaudible
4: Audible but not annoying
3: Slightly annoying
2: Annoying
1: Very annoying


Results
Exp1: Use case ‘immersive conferencing’ with FoA speech (Polish)
Below is a graph showing the MOS scores with 95%CI of the direct, the degradation reference and the EVS multi-mono conditions. The results of the CuT are not presented as they are not relevant for the purpose of this contribution. 
Degradation Mean Opinion Scores
[image: ]
Observations:
The mean opinions scores observed for the reference systems and especially the EVS reference system is very consistent with the expectations that build on the performance characterization of that codec [8]. This is an indicator of the good resolution of the test. At high bit rates there is some non-surprising saturation effect. 
Exp2: Immersive telephony while on the move (outside) with FoA audio (American English)
Below is a graph showing the MOS scores with 95%CI of the direct, the degradation references and the EVS multi-mono conditions. The results of the CuT are not presented as they are not relevant for the purpose of this contribution 
I.1.1.1.1. Degradation Mean Opinion Scores
[image: ]
I.1.1.1.2. Observations:
As in Exp1, the mean opinion scores observed for the references and especially the EVS reference system are very consistent with the expectations that build on experience with the used degradation references and the performance characterization of that codec [8]. Especially the latter is an indicator of the good resolution of the test. At high bit rates the test resolution may run into saturation, however, the results still indicate a performance dip for the condition based on EVS operated at 64 kbps (EVSx4 swb 256000 64000), which coincides with a behaviour also seen in other EVS codec evaluations. Overall, the observed test resolution corroborates the suitability of the chosen methodology This experiment was still not finalized when this contribution was submitted. The source plans to provide the results at a later occasion.
 
Conclusion and proposal
This contribution has presented an exemplary test design for P.800 quality assessment of spatial (first order Ambisonics (FoA)) speech and corresponding results. The test results demonstrate good resolution and consistency with the expectations, which is a good indicator of the validity of the test design. Accordingly, it is proposed to document the design and the results (section 2) as a reference test design potentially relevant for future IVAS codec selection and characterization tests. The source is committed to present the still pending results of Experiment 2 as soon as possible at a future occasion. 
On a more general level, it is suggested to document more test designs that are found potentially relevant for the forthcoming IVAS codec evaluations in a permanent document. An Appendix of the IVAS selection test plan (IVAS-8a) appears as a suitable choice for the purpose of collecting reference designs. Moreover, it is proposed that SA4 should invite parties to contribute further reference test designs along with test results that show the validity of the design to that new IVAS-8a Appendix.    
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