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At the last Audio SWG call, VoiceAge presented a contribution on DCR test experiments run at the immersive listening laboratory at the University of Sherbrooke for HOA3 and FOA inputs [1]. The same experimental setup was repeated twice to compare the results when rendered both to 7.0+4 loudspeaker system and binaurally to headphones. The contribution included a proposal to include a reference to this contribution in the Appendix I of the IVAS Permanent Document IVAS-8a: Test Plan for Selection Phase [6].
During the discussion following the contribution presentation, it was rather suggested to include the text describing the experimental setup of a similar extent as used for the setups already described in the Appendix. The proposal for the text to be included in Appendix I is provided in the next section. Finally, it is proposed to include those of the References that are not part of the IVAS-8a Reference list yet.
Proposed text
I.x.1 Test Purpose
The purpose of the experiments was to evaluate suitability of P.800 DCR test [2] for immersive listening using naïve listeners, and to compare test results of 7.0+4 loudspeaker-rendered listening with test results of binaurally rendered listening via headphones.
I.x.2 Audio database
· Artificially created spatial samples from mono recordings adjusted to -26 dBOvl.
· Language: North American French
· The mono recordings consisted of balanced single sentences concatenated into pairs with similar meaning.
· 4 male and 4 female talkers, always a male and a female talker in a stereo sentence pair.
· Sentence pairs simulating a conversation with natural transition from one talker to another. Half of the samples partially overlapped.
· Length of the samples - 6 s.
· 48 kHz sampling rate.
· HOA3 and FOA input format.
· All talkers were placed at the nominal height at different configurations using regular pattern using:
· 3 different speaker separations: 60, 90, 135
· 24 different combinations:

	Separation [°]
	1st talker position [°]

	60
	-15 : 45: 300

	-90
	30 : 45 : 345

	135
	-15 : 45 : 300


· Background 
· Instrumental music at 15 dB SNR.
· Different music sample and position used for each speech sentence pair.
· Elevation: 20°, 40°, 60° distributed as follows:
Azimuth = [15, 60, 115, 155, -155, -115, -60, -15, 15, 60, 115, 155, -155, -115, -60, -15, 15, 60, 115, 155, -155, -115, -60, -15]
Elevation = [20, 20, 20, 20, 20, 20, 20, 20, 40, 40, 40, 40, 40, 40, 40, 40, 60, 60, 60, 60, 60, 60, 60, 60]
I.x.3 Test Setup 
· P.800 DCR test, instructions mentioning spatial aspect.
· 4 categories, each category corresponding to the different talker pair.
· 6 panels, each using different audio samples and randomizations.
· Naïve listeners.
· 4 listeners per panel 
· One listener at a time in the loudspeaker setup.
· Four listeners at a time in the binaural setup).
· 24 listeners in total.
· 29 conditions.
· Each condition was evaluated 24 x 4 = 96 times.
· Anchors - P.50 MNRUs (Modulated Noise Reference Units) [4] – applied coherently (using the same seed) to all ambisonic channels. 4 MNRU levels were used – 34, 29, 24, and 19 dB.
· No SDRUs (Spatial Distortion Reference Unit) or ESDRUs spatial anchors were used as they are not defined for loudspeaker listening.
· CuT – mutli-mono EVS applied on FAO and HOA3 channels.
· Rendering 
· All conditions rendered to 7.0+4 loudspeaker system or to binaural representation using All-Round Ambisonic Decoding (AllRAD) [5]. 
· Rendering was done on concatenated files.
· Level adjustment 
· The level was adjusted to -26 LKFS. 
· The direct signal level was first measured on the signal rendered to 7.0+4 loudspeaker system using B.1770 [3] and level difference was computed with -26 LKFS (Loudness, K-weighted, relative to Full Scale). The corresponding gain was then applied to the original HOA3 input channels. No level readjustment was done on the coded signals.
· Listening laboratory - Immersive listening laboratory at the University of Sherbrooke.
· Loudspeaker listening setup - 7.0+4 Genelec SAM 3031 speaker setup in the following configuration:

	Speakers
	Azimuth
	Elevation

	Left front
	30
	0

	Right front
	-30
	0

	Centre front
	0
	0

	LFE
	-
	-

	Left rear surround
	135
	0

	Right rear surround
	-135
	0

	Left side surround
	90
	0

	Right side surround
	-90
	0

	Left front height
	30
	35

	Right front height
	-30
	35

	Left rear surround height
	135
	35

	Right rear surround height
	-135
	35



· Binaural listening setup used Beyer Dynamic DT 770  Pro headphones.

I.x.4 Screening of listeners
Listeners were post-screened as follows. In order to be considered, a listener had:
· To use the whole voting scale during the session. In other words, he must have voted at least once “1” and at least once “5”.
· To vote, in average, the direct condition better than or equal to the MNRU 29 dB condition. To reflect the fact that the perceptual quality of MNRU 29 dB is close to Direct, the listener was still kept if the median of his votes for all anchor conditions was below 4.
· To vote, in average, the MNRU 29 dB condition better than the MNRU 24 dB condition.
· To vote, in average, the MNRU 24 dB condition better than the MNRU 19 dB condition.
· To vote, in average, the MNRU 19 dB condition better than the MNRU 14 dB condition.
I.x.5 Comments
· The tests took about 2 weeks.
· Overall, naïve listeners could reliably detect coding deficiencies.
· At low bitrates, more ambisonic channels seem to degrade the perceptual experience rather than improve it.
· Naïve listeners do not seem to be too sensitive to the spatial aspect, e.g., differentiating between FOA and HOA3. Nevertheless, they were still able to discriminate the direct HOA3 from FOA with statistical significance in both tests.
· Despite clear and explicit instructions, and standard DCR voting labels used in the listening software interface, some listeners still did not understand the task.
I.x.6 Comparisons of results between the loudspeaker rendering and binaural rendering
· Good correlation between the binaural listening test results and the loudspeaker listening test results.
· In binaural listening, the listeners were able to distinguish HO3 and FOA direct conditions better than in the loudspeaker listening.
· Larger dynamics of results are observed for binaural listening than for loudspeaker listening.
· Overall, the multi-mono EVS processing conditions were voted noticeably lower in binaural listening than in the loudspeaker listening.
· For multi-mono EVS processing, at 24.4 kbps/channel, an advantage for FOA input is observed in binaural listening, but the opposite tendency is observed for loudspeaker listening
I.x.7 Conclusions
· With some adjustments, the DCR test with naïve listeners seems to be a good trade-off between accuracy and efficiency.
· EVS multi-mono seems to be a good reference, able to cover practically the whole range of perceptual quality.
· More explicit initiation of naïve listeners to spatial aspects would be beneficial, e.g., an extended training session at the very least. Also, some discussion on listeners’ perception after the training session might help.
· Agreed methodology for systematic post-screening of listeners would be useful.
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