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1 Introduction

In 3GPP TSG-SA WG4 Meeting #47, MPEG Surround was presented as a possible solution to provide backward compatible surround sound for Mobile TV using the PSS and MBMS service [2]. In the discussion following the presentation, a couple of comments were raised. Specifically it was asked to outline more details on the following issues:
· Computational complexity of MPEG Surround

· Required signaling using RFC 3016 and RFC 3640

· Benefits of the binaural operation, justified by listening tests 

The first two issues on computational complexity of MPEG Surround and the transport and required signaling were reported on in [3]. This contribution reports on the third issue, the benefits of the binaural operation.

2 MPEG Surround Binaural mode
MPEG Surround provides an efficient 3D binauralization process that is able to convert a mono or stereo downmix signal together with the MPEG Surround parameters and Head Related Transfer Function (HRTF) or Binaural Room Impulse Response (BRIR, consisting of HRTF data including reverberation) data, into a binaural two channel PCM signal [1] [2] (see Figure 1). The user, listening over headphones, can enjoy a multi-channel audio experience as he is used to from home theatre systems on a mobile device.
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Figure 1 - MPEG Surround operated in binaural mode

The HRTF or BRIR data are typically implemented at the decoder side. It is noted that these data are not part of the MPEG Surround standard specification. MPEG Surround merely defines the interfaces for HRTF or BRIR data. This enables phone manufacturers and service providers to differentiate their products and enable new services based on the MPEG Surround binaural mode such as personalized HRTF measurements and dedicated room impulse responses.
3 Subjective tests

In order to show the added value of binaural rendering over headphone two subjective tests have been conducted. These tests aim at showing the user preference of binaural surround over headphones versus an ITU downmix over headphones. Furthermore, within MPEG the verification test results were published [4]. Part of this verification test focused specifically on the MPEG Surround binaural operation mode. A summary of these results are presented in this document.
3.1 Test 1

In a first test a comparison is made between the ITU downmix [7] and the MPEG Surround binaural output. 
Figure 2 illustrates how the test items were generated. The original 5.1 multi-channel content is first downmixed to a stereo ITU downmix. This downmix is then encoded using an HE-AAC stereo encoder at 64 kbps. The resulting bit stream is decoded. Furthermore, the 5.1 multi-channel content is encoded using a HE-AAC/MPEG Surround encoder at a total bit rate of 64 kbps. The resulting bit stream is decoded using the HE-AAC/MPEG Surround decoder using the low complexity binaural output mode (parametric HRTFs with synthetic reverb). This way both systems operate at an overall bit rate of 64 kbps.
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Figure 2 – Graphical representation of item generation
The following items have been selected for this test. All items are sampled at 44.1 kHz and consist of 5.1 channels. The test material represents typical content in the context of Mobile TV. It represents a number of genres, e.g. movies, music and sports.
Table 1 – Items in the test

	Item name
	Type
	Duration (s)
	LFE

	IRT_icehockey_short_44k
	Sports commentary
	22.82
	-

	PrivateRyan_+0dB_44_cut
	Movie (action scene)
	34.04
	(

	Rocka_short_44k
	Music (a capella)
	31.09
	(

	VerticalLimit_Scene3_00m00s_fadeout_44k
	Movie (action scene)
	30.00
	(

	incredibles_argue
	Movie (dialogue)
	25.33
	-

	pinkpanther_restaurant
	Movie (dialogue)
	34.51
	-

	Signsoflove
	Music (pop)
	21.33
	(

	zauberfl_hoersp_dialog_30s
	Theatre play
	29.89
	-


The test was carried out at three different test sites. The test was conducted using high quality headphones in a controlled listening environment. In total a number of 22 subjects conducted the test. Since there is no reference item in this test, a comparative test was conducted according to the ITU-R BS.1284 specification [8]. In the test a subject is presented blindly with the two representations under test, i.e., the two representations (ITU downmix and binaural output) are randomized from trial to trial and over subjects. The subjects are then asked to grade the quality of A with respect to B according to Table 2.
Table 2 – ITU-R BS.1284 comparative test grades

	Grade
	Label

	+3
	A is much better than B

	+2
	A is better than B

	+1
	A is slightly better than B

	0
	The same

	-1
	A is slightly worse than B

	-2
	A is worse than B

	-3
	A is much worse than B


The statistical analysis of the results is outlined in section 7. The results are presented in Figure 3.
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Figure 3 – Mean and 95% confidence intervals for 8 selected items and mean over 8 items, averaged over 22 subjects. A positive score indicates a preference for the MPEG Suround binaural output. A negative score indicates a preference for the ITU downmix.
3.1.1 Discussion
It can be observed that on average the 22 subjects have a statistically significant preference (label: slightly better) for the MPEG Surround binaural output over the ITU downmix.  Furthermore, six out of eight items show a statistically significant preference for the binaural output. Two items show no statistically significant preference for one or the other. No item showed a preference for the ITU downmix over binaural output.
From the feedback obtained, the following main comments could be formulated:

· Especially for dialogue, the binaural output sounded too reverberant (mainly “Pink Panther” and “Ice Hockey” item).

· Lack of out-of-head effect; the spatial image is perceived inside or close to the head.

· The spaciousness provided by the binaural output does not correspond to the room in which the test was conducted.
· The lack of a corresponding video sequence (especially for the movie scenes) made it harder to map the spatial image to the scene setting.

To some extent these comments are related. The underlying issues are caused by a combination of effects:
· The effect of non-individual binaural room transfer functions (BRIRs), i.e. the filters applied for the binaural filtering do not match the BRIRs of the listener resulting in differences in perceived sound color and localization [5]

 REF _Ref202085497 \r [6]. 
· Naturally, when listening to loudspeakers the localization of sound is stable relative to the room regardless of movements of the listener. This is not the case for headphone reproduction where the sound image is constant independent of head movements. This leads to a deterioration of the natural listening experience giving rise to a reduction of perceived quality. To overcome this artifact one could apply head-tracking by using a motion sensor on the headphone [6]. Although the application of head-tracking is supported within the MPEG Surround binaural decoding mode, this was not considered here.

· Psychological effects; compared to loudspeaker listening, there are no strong visual cues on the sound source localization. If the subject does not perceive the sound source both aurally as well as visually, the percept of direction and distance may be limited. Furthermore, the fact that headphones are placed physically on the subjects head provides a tactile percept counteracting the virtual sound source localization.
· The audio-only setup chosen for the test limited the ability of listeners to map auditory and visual cues (see previous point). Informal experiments indicate that presenting a full A/V signal tends to shift the preference further towards binaural listening. 
3.2 Test 2

In order to investigate the effect of alternative HRTFs on the binaural quality, a second test was conducted. As a preparation to this test, for two subjects the HRTFs/BRIRs were measured using the procedure described in section 6. Using these data, the MPEG Surround binaural output was again generated. Both subjects again conducted the test, using the same procedure as for the first test using their own BRIRs. The tests were conducted in the same room as were the measurements were conducted. The results are shown in Figure 6.
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Figure 6 – Comparison of test results for two subjects. The first two panels show the results for subject 1, the left most panel show the results from test 1, the panel right next to this panel shows the result with the measured BRIRs. The last two panels show the results for subject 2, the third panel shows the results for test 1, the final panel shows the results with the measured BRIRs.

3.2.1 Discussion

In the experiment conducted in the second test, it was shown that the subjects showed a stronger preference for the MPEG Surround binaural mode in case of measured BRIRs that better match the HRTFs and room acoustics. The results from the second experiment should not be misinterpreted though in a way that individual HRTFs are required to achieve a benefit from binaural listening. 
3.3 MPEG Surround verification test

In the MPEG Surround verification test, the binaural mode has been extensively tested. More specifically, a comparison has been made between the MPEG Surround low power decoding method, employing parameterized HRTFs and synthetic reverberation, and the high quality filtering decoding method employing the BRIR data. To this end, the following codecs have been tested in a MUSHRA test for a total of 12 items.
Table 3 - Codecs in binaural test
	Codec ID
	Core Coder
	Description
	Core Bitrate (kbps)

	AAC_MPS _BIN
	AAC
	Binaural decoding (by multi-slot convolution) of AAC_MPS.
	160

	AAC_MPS_LP_BIN_LP
	AAC
	Low power decoding (LP MPEG Surround and single-slot parametric HRTF) of AAC_MPS.
	160

	AAC_MPS_BIN_R
	AAC
	HRTFs applied to AAC_MPS multi-channel output.
	160

	REF
	-
	Hidden reference: HRTFs applied to 5.1 original.
	-

	LP35
	-
	Low pass anchor (based on signal above).
	-


Figure 8 is a graphical representation of the codecs under test. 
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Figure 8 - Illustration of the binaural test from the MPEG Surround verification

The results from this test are given in Figure 9.
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Figure 9 – Results for Binaural

The following conclusions and observations have been made:

· The binaural downmix application after MPEG Surround upmix (AAC_MPS_BIN_R) performs better than the application of the binauralization directly on the stereo downmix in the binaural decoder (AAC_MPS_BIN and AAC_MPS_LP_BIN_LP).
· The high quality filtering approach of MPEG Surround binaural decoding (AAC_MPS_BIN) performs better than the low power parametric MPEG Surround binaural decoding (AAC_MPS_LP_BIN_LP).
Both the high quality (AAC_MPS_BIN) as well as the low complexity MPEG surround binaural (AAC_MPS_LP_BIN_LP) reconstructions do not exploit the residual bitstream component that is present in MPEG Surround bitstream AAC_MPS. This can be accounted to the complexity/quality trade-offs made in MPEG Surround. However, in generating the binaural reference signal (AAC_MPS_BIN_R), this residual component has actually been used. This leads to a higher quality multi-channel reconstruction prior to the HRTF filtering as opposed to that available to the MPEG Surround binaural rendering engine. This explains the small difference in quality between the binaural reference and the high quality MPEG Surround binaural output.

The difference between the high quality and the low complexity MPEG Surround binaural output can be attributed to the fact that AAC_MPS_LP_BIN_LP employs a single reverberation (as imposed by the parallel reverb module) for all virtual channels while AAC_MPS_BIN employs different reverberation for each virtual channel.
3.3.1 Discussion

The results of the verification test show that the low complexity (parametric) MPEG Surround binaural decoding mode can provide a quality close to the high quality binaural filtering mode. Hence a low complexity implementation yielding a high quality is possible. Prerequisite is that proper care is taken to model the binaural room response synthetically. The effectiveness of the binaural mode boils down to identifying a proper reverb, which is outside the scope of MPEG Surround. 
4 Conclusion

This contribution addresses some of the concerns that were raised with regard to the binaural decoding mode of MPEG Surround. It was shown that MPEG Surround binaural decoding mode is statistically significantly preferred over the ITU downmix. Furthermore, the tests show that the preference for the MPEG Surround binaural mode over the ITU downmix will be strongly reinforced if special care is taken on the HRTF and/or BRIR data. 
Given the results it is proposed to include MPEG Surround as an optional extension for multi-channel audio in the context of Mobile TV for PSS and MBMS services.
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5 HRTF measurement
The BRIRs are measured using an open headphone type Philips SBC-HP890. A microphone (Panasonic MCE-2000) with attached a small plastic tube has been inserted into the cups of the headphone to measure the pressure at the entrance of the two ear canals in an unobtrusive fashion. The measurement consists of a procedure in which a wideband noise signal is played over a particular speaker. At the same time the signal to the headphone speakers is adaptively controlled such that the microphone signal at the entrance of the ear canal is minimized. The thus obtained impulse response from the noise signal to the headphone speakers represents the BRIRs for that particular speaker. The procedure is repeated for the other speaker positions resulting in BRIRs for each ear and speaker position. Even though the headphones are considered open, they still provide an acoustical filter in the pathway from speaker to eardrum. After measurement the responses were neutralized for this effect.

[image: image7.emf]R L

C

LS RS

Electret/

omnidirectional

MCE-2000

Plastic

tube

Philips

SBC-HP890


Figure 10 - Listening setup

6 Statistical analysis
The statistical analysis followed standard MUSHRA procedure. The calculation of the averages of the scores of all listeners remaining after post-screening will result in the Mean Subjective Scores (MSS). The first step of the analysis of the results is the calculation of the mean score 
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Confidence intervals were also calculated which was derived from the standard deviation and the size of each sample. The 95% confidence interval is given by:
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With a probability of 95%, the absolute value of the difference between the experimental mean score and the “true” mean score (for a very high number of observers) is smaller than the 95% confidence interval, on condition that the distribution of the individual scores meets certain requirements.

Similarly, a standard deviation could be calculated for each test condition. It is noted however that this standard deviation will, in cases where a small number of test sequences are used, be influenced more by differences between the test sequences used than by variations between the assessors participating in the assessment.
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