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1. Introduction
This document reports for the activities of the Global Analysis Laboratory on 4 subjective tests conducted by 6 different laboratories for the 3GPP study on surround sound.
Details are given in Tdoc S4-091004 “Test Plan Study on Surround Sound” version 1.00 [1].
2. Organization of the Characterization Test

The Test Plan [1] specified subjective listening tests to be conducted to evaluate surround sound in PSS/MBMS. The test plan specifies four subjective experiments using the “Multiple Stimulus with Hidden Reference and Anchors” or MUSHRA test method [2] with “adapted” scale when necessary.
A summary of the 4 conducted experiments can be found in table 1.

	Exp.
	Description

	1
	Listening test over loudspeaker 

	2
	Listening test over headphones

	4
	Listening test under error conditions

	5
	Listening test on HRTFs



Table 1: Summary of experiments

All 4 experiments results are included in this report.
3. Generalities
3.1. Test agenda

Test material has been received by test laboratories on November 20th 2009, except for test 5 where HRTF were not ready on time. Raw data of test results have been sent to global analysis laboratory on January 19th 2010.

3.2. Test Materiel

The same audio excerpts (from Movie, Music, Radio and Sports categories) were used for all the 4 tests. 12 specific items were chosen for the tests’ core, and 3 different for the training phase. See test plan in [1].
3.3. Training phase

Each listener had a period of training, in order to get familiar with the test methodology, the use of the interface software and with the kind of quality they have to assess. This was as well an opportunity to adjust the restitution level that then remained constant during the test phase.

The training session contained the 3 audio items identified by T1, T2 and T3 in [1].

The training is based on the same codec, anchor and reference conditions as the blind grading phase.

3.4. The Listening Panel

It was recommended that experienced listeners should be used. These listeners should have some experience in listening to sound in a critical way. Such listeners give a more reliable result more quickly than non-experienced listeners.

The listeners are not experts in listening to surround in order not to be biased towards a surround or stereo solution. 
If naïve, e.g. inexperienced listeners participate in the test the results should be reported for the experienced and naïve separately by the test labs.
3.5. Statistical analysis

The statistical analysis method described in the MUSHRA specifications [2] was used to process the test data. The results are presented as mean grades and 95% confidence interval.

Experience has shown that the scores obtained for different test sequences are dependent on the criticality of the test material used. Therefore, results according the 4 different categories are included in this report in order to provide a more complete understanding of codec performance.

4. Test 1: Listening test over loudspeakers
4.1. Codecs under Test
The following surround codecs were tested in this experiment under no error condition:

· MPS with HE-AAC stereo core codec using MPS downmix [3] at 64 kbps (MPS64)
· MPS with HE-AAC stereo core codec using ITU downmix [3] at 64 kbps (MPS ITUdmx64)
· MPS with HE-AAC stereo core codec using MPS downmix [3] at 48 kbps (MPS48)
· MPS with HE-AAC stereo core codec using MPS downmix [3] at 96 kbps (MPS96)
Two indicative reference conditions were included:

· HE-AAC 5.1 codec at 160 kbps [4] (HEAAC160)
· HE-AAC 5.1 codec at 64 kbps [4] (HEAAC64)
4.2. Test method 

The methodology MUSHRA was used for this quality test. MUSHRA stands for MUlti Stimuli with Hidden Reference and Anchor points. This is a method dedicated to the assessment of intermediate quality. 

It has been recommended at the ITU-R under the name BS.1534 [2].This was developed in 1999 by the EBU Project Group B/AIM in collaboration with the ITU-R Working Party 6Q. 

An important feature of this method is the inclusion of the hidden reference and bandwidth limited anchor signals. For this test, anchor points were the band-limited 3.5 kHz reference signal.

4.3. Rejection process

The following post-screening method was used:

The post screening is based on the ability of a subject to recognize the hidden reference. Consequently, it has been decided that one score or more below 90 for a reference signal is the criterion to discard the listeners.
4 laboratories were involved in this test : Fraunhofer institute (FhG), Huawei (HW), France Telecom  and Samsung.
Consequently, that led to discard:

· 4 listeners over 14 at France Telecom site (BrG, JeD, JMR, JuR) ;
· 1 listener over 12 at FhG : nme ;
· None at Samsung (for a total of 12);

· None at Huawei (for a total of 12 – analysing the new set of results);
4.4. Test results

The test results are presented below.
1. Comparison between all test sites results

Table 2 gives the results of a Student T test processed with the 3 different test sites results. 

Figures calculated by a Student T test are the probability that two compared test sites are significantly different or not (intersection between a line and a column). In our case, this test is used to observe whether the results of a test site are significantly different from those of another test site. The following assumptions were made in order to calculate table 2:

· The Student T test uses the bilateral distribution ;

· The T test was done over two set of samples with different standard deviation.

A number higher than 0.05 means that the two compared set of results are not statistically different. 
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Table 2: Student Test on test sites
Consequently, figures in table 2 indicate that only results from France Telecom, Huawei and Samsung can be statistically compared and thus mixed. The following will show why.
2. Global results per test sites

[image: image2]
Figure 1: Samsung global results
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Figure 2: France Telecom global results
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Figure 2bis: Huawei global results


[image: image5]
Figure 3: FhG global results

By comparing figures 1, 2 and 2bis, one can notice that the averages scores values for each configuration under test are very similar between Samsung, Huawei and France Telecom test sites, while some of them are lower on FhG test site. This shows that FhG listeners were more critical in their judgement than those of the 3 other sites.
In the following results will be presented separating FhG’s ones from the 3 other test labs.
3. Global results
Figure 3 shows the global results obtained for FhG alone.

The indicative reference condition HEAAC160 has been scored “Excellent” [80-100], above all the other conditions under test (excepting the hidden reference). This behaved as a high anchor.

The quality of the MPS96 is judged “Good”. 

Then, the MPS64 and MPS ITUdmx64 are both scored “Good” [60-80]. A Student test applied to the codecs under test (table 3) shows that those 2 codecs are not significantly different from each other. 

The MPS48 and HEAAC64 are both scored “Fair”[40-60]. 
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Figure 4 shows the global results obtained on the 3 test sites altogether.
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Figure 4: global results for Huawei, Orange and Samsung test sites

The indicative reference condition HEAAC160 has been scored “Excellent” [80-100], above all the other conditions under test (excepting the hidden reference). This behaved as a high anchor.
The quality of the MPS96 is judged “Excellent” as well although close to the border between “Excellent” and “Good”. This is higher than the FhG results. A Student test (table 3bis) shows that the MPS96 results and the MPS64 results are not significantly different.
Then, the MPS64 and MPS ITUdmx64 are both scored “Good” [60-80] (in the higher half of the item, above FhG results). A Student test applied to the codecs under test (table 3bis) shows that those 2 codecs are not significantly different from each other. 
The MPS48 and HEAAC64 are both scored “Good” as well (in the middle of the item) while they were scored “Fair” on FhG side. A Student test (table 3bis) shows that both codecs results are not significantly different.
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Table 3bis: Student Test on codecs under test

4. Global results per category of items

In the following, results are given for each of the 4 items categories, for FhG test site alone and for Orange, Huawei and Samsung test sites altogether.
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Figure 5: global results for the “Movie” category for FhG
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Figure 5bis: global results for the “Movie” category for Orange, Huawei and Samsung

The results show the same ordering as the respective global results (figure 3 and 4). 
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Figure 6: global results for the “Music” category for FhG
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Figure 6bis: global results for the “Music” category for Orange, Huawei and Samsung
The results show the same ordering as the global results (figure 3 and 4).
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Figure 7: global results for the “Radio” category for FhG
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Figure 7bis: global results for the “Radio” category for Orange, Huawei and Samsung

The results show the same ordering as the global results (figure 3 and 4).
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Figure 8: global results for the “Sport” category for FhG
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Figure 8bis: global results for the “Sport” category for Orange, Huawei and Samsung

The results show the same ordering as the global results (figure 3 and 4), although on figure 8 (FhG results) the MPS96, MPS64 and MPS48+ are scored a bit lower. This “Sport” category is more critical for those specific codec for FhG listeners.
4.5. Test 1 conclusions
Results are quite consistent between all test sites although it has to be noticed that FhG listeners were more critical than those from France Telecom, Huawei and Samsung.

The category of items has not a major influence on the codecs under test results except the “Sport” category for the MPS with HE-AAC stereo core codec using MPS downmix at 96, 64 and 48 kbps for FhG listeners.

Majority of codecs under test have been judge “Good” in quality, with no significant differences between MPS64 results  and MPS ITUdmx64 results, both being scored above the MPS48 and the HEAAC64. The results of those 2 last mentioned codecs are not significantly different for Orange, Huawei and Samsung test sites, meaning that the codec under test MPS48 isn’t significantly different from the indicative reference condition HEAAC64. 
5. Test 2: Listening test over headphones
5.1. Codecs under Test
The following codecs were tested in this experiment under no error condition:

· MPS binaural with HE-AAC stereo core codec [3] at 64 kbps (MPS binaural with HEAAC stereo)
· MPS 5.1 with HE-AAC stereo core codec [3] with binaural post-processing at 64 kbps (MPS 5.1 with HEAAC stereo + binaural pp)
One indicative reference conditions was included:

· HE-AAC stereo downmix at 128kbps + binaural post-processing (Ind. Ref - HEAAC128 st dmx + binaural pp)
One discrete high-quality codec reference was included:

· HE-AAC 5.1 at 320kbps [4] + binaural post-processing (HEAAC320 5.1 + stereo Binaural pp)

One anchor codec was included:
· HE-AAC 5.1 at 64kbps + binaural post-processing (Anc - HEAAC64 5.1 + stéréo Binaural pp)
The open / hidden reference was:
· HE-AAC Stereo downmix at 64kbps + binaural post-processing (Ref - HEAAC64 st dmx + binaural pp)
5.2. Test method 

The methodology is derived from the MUSHRA method [2]. The two methods differ in the scale used. The MUSHRA test uses a quality scale between 0 and 100. In this new method we replace the quality scale by a comparison scale as in [5]. The scale, however, should still allow a more continuous grading with a 0.1 resolution. The hidden reference is added to the items to be evaluated. Its score should be evaluated as zero.
Listeners should rate the quality by comparison to the given reference for each item, on a scale between -3.0 and 3.0

• 3.0: Condition is much better than REF

• 2.0: Condition is better than REF

• 1.0: Condition is slightly better than REF

• 0.0: Condition is similar to REF

• -1.0: Condition is slightly worse than REF 

• -2.0: Condition is worse than REF

• -3.0: Condition is much worse than REF

5.3. Rejection process

The following post-screening method was used:

The post screening is based on the ability of a subject to recognize the hidden reference. As this one should be evaluated as 0, it has been decided that one score or more below -1.5 or above 1.5 for a reference signal is the criterion to discard a listener.
4 laboratories were involved in this test: Samsung, Huawei (HW), Dolby and Philips (phi).

Consequently, that led to discard:

· 2 listeners over 16 at Philips site (1 & 15) ;

· 1 listener over 12 at Huawei (QFY), analysing the new set of results ;

· None at Samsung (for a total of 12) ;
· None at Dolby (for a total of 14) ;
5.4. Test results

The test results are presented below.

1. Comparison between all test sites results

Table 2 gives the results of a Student T test processed with the 4 different test sites results. Figures calculated by a Student T test are the probability that two compared test sites are significantly different or not (intersection between a line and a column). In our case, this test is used to observe whether the results of a test site are significantly different from those of another test site. The following assumptions were made in order to calculate table 4:

· The Student T test uses the bilateral distribution ;

· The T test was done over two set of samples with different standard deviation.

A number higher than 0.05 means that the two compared set of results are not statistically different. 
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Table 4: Student Test on test sites

Consequently, figures in table 4 indicate that results from Huawei and Samsung are not statistically different, the same as for results from Huawei and Dolby. 
2. Global results per test sites


[image: image18]
Figure 9: Samsung global results
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Figure 10: Dolby global results
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Figure 11: Huawei global results


[image: image21]
Figure 12: Philips global results

By comparing figures 9 to 12, it is noticeable that the average scores for the 3 anchors (hidden reference, indicative reference and anchor codec) are the same for all 4 test sites.
Then, we can remark that average score on Dolby site are more spread than those on the 3 others sites. That indicates that Dolby listeners were more critical in their judgement than those of the 3 other sites.
A last think to notice is about the scoring of the 2 codecs under test MPS 5.1 with HEAAC stereo + binaural pp and MPS binaural with HEAAC stereo. On Philips test site, their average scoring is slightly bellow 0, while at Samsung they are around 0, on above 0 for the 2 last test sites.
Anyhow, as the ranking is the same, the following will present detailed results after mixing all 4 sites.

3. Global results
Figure 13 shows the global results obtained on the 4 test sites altogether.


[image: image22]
Figure 13: global results for all test sites

On the average, the scoring is quite flat. None of the codecs under test were clearly judged “Slightly Better” or “Slightly worse” (on the average).

Table 5 gives the results of a Student test applied on all tested conditions. This shows that Ref - HEAAC64 st dmx + binaural pp results are not significantly different from MPS 5.1 with HEAAC stereo + binaural pp and MPS binaural with HEAAC stereo. Furthermore, the Ind. Ref - HEAAC128 st dmx + binaural pp results are not significantly different from those of Ref - HEAAC64 st dmx + binaural pp, MPS 5.1 with HEAAC stereo + binaural pp and MPS binaural with HEAAC stereo.
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Table 5: Student Test on codecs under test

The following figures show some examples of different behaviour among listeners when scoring. The two more “extreme”  listeners were chosen for each site, and a medium behaviour is also shown. 

[image: image24]
Figure 14: Dolby listener1 results 


[image: image25]
Figure 15: Dolby listener8 results 


[image: image26]
Figure 16: Dolby listener4 results 

Figures 15 and 16 show two opposite behaviours in scoring while figure 14 shows a “softer” behaviour where listener1 didn’t perceived much differences as he didn’t use the whole comparison scale.


[image: image27]
Figure 17: Philips listener 3 results 


[image: image28]
Figure 18: Philips listener 6 results


[image: image29]
Figure 19: Philips listener 10 results

Figures 18 and 19 show two opposite behaviours in scoring while figure 17 shows a “softer” behaviour where listener 3 didn’t perceived much differences as he didn’t use the whole comparison scale (except for the anchor codec).


[image: image30]
Figure 20: Samsung listener l3 results
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Figure 21: Samsung listener l6 results


[image: image32]
Figure 22: Samsung listener l12 results

Once again, figures 20 to 22 show different listeners behaviour at Samsung test site.

[image: image33]
Figure 23: Huawei listener dzz results


[image: image34]
Figure 24: Huawei listener david results


[image: image35]
Figure 25: Huawei listener hc results

Once again, figures 23 to 25 show different listeners behaviour at Samsung test site.

4. Global results per category of items

In the following, results are given for each of the 4 items categories, for the 4 test sites.


[image: image36]
Figure 26: global results for the “Movie” category

The results show the same ordering as the global results (figure 13). 

[image: image37]
Figure 27: global results for the “Music” category

The results show the same ordering as the global results (figure 13).


[image: image38]
Figure 28: global results for the “Radio” category

The results show the same ordering as the global results (figure 13), but the two MPEG surround codecs under test are scored slightly below 0 on the average (-0.1). As the confidence interval crosses the 0 axis and its value being very small, this is a minor remark.

[image: image39]
Figure 29: global results for the “Sport” category

The results show the same ordering as the global results (figure 13), but the two MPEG surround codecs under test are scored slightly below 0 on the average (-0.06). As the confidence interval crosses the 0 axis and its value being very small, this is a minor remark.

5.5. Test 2 conclusions
Results are quite consistent between test sites although it has to be noticed that on the average Dolby listeners judgements are more contrasted than those from the other test sites.

The category of items has not a major influence on the codecs under test results.

On the average, there is no strong judgement in favour of one or another codec under test. Listeners show a very slight preference for the discrete high-quality codec reference HEAAC320 5.1 + stereo binaural pp, but 50% below the “slightly better” item (which is not a strong judgement) compared to the hidden reference Ref - HEAAC64 st dmx + binaural pp codec. On the other side, listeners slightly dislike the anchor codec Anc-HEAAC64 5.1 + stereo binaural pp codec but 50% above the “slightly worse” item (which is not a strong judgement) compared to the hidden reference Ref - HEAAC64 st dmx + binaural pp codec.
A Student test shows that both tested codecs (MPS 5.1 with HEAAC stereo + binaural pp and MPS binaural with HEAAC stereo) are not significantly different and this fact depends on the chosen HRTF for binauralisation.

Looking into listeners’ detailed judgements, there are 3 main behaviours that neutralised each other: listeners showing a strong preference for the codecs under test, those showing a strong dislike, and finally those having no sharp opinion. That makes 3 categories of listeners and it is not possible to frankly conclude for the 3 together. It only indicates that some persons are keen on listening to “different” things while others don’t like that at all, and a third set of listeners doesn’t mind.
6. Test 4: Listening test under errors conditions with interleaver
6.1. Codecs under Test
The following surround codecs were tested in this experiment under different error conditions:

· MPS with HE-AAC stereo core [3], 64kbps, decoded in binaural mode with :

· Random frame error rates of 1% (HEAAC-MPS64 + 1% FER)

· Random frame error rates of 3% (HEAAC-MPS64 + 3% FER)
· Bursty frame error rates of 1% (HEAAC-MPS64 + 1% BFER)
· Bursty frame error rates of 3% (HEAAC-MPS64 + 3% BFER)
· MPS 5.1 with HE-AAC stereo core [3] 64kbps, with binaural post-processing with:

· Random frame error rates of 1% (HEAAC-MPS64 + binaural post proc 1% FER)

· Random frame error rates of 3% (HEAAC-MPS64 + binaural post proc 3% FER)
· Bursty frame error rates of 1% (HEAAC-MPS64 + binaural post proc 1% BFER)
· Bursty frame error rates of 3% (HEAAC-MPS64 + binaural post proc 3% BFER)
One indicative reference condition was included:

· MPS with HE-AAC stereo core [3], 64kbps, decoded in binaural mode (HEAAC-MPS64)
6.2. Test method 

The methodology MUSHRA was used for this quality test. MUSHRA stands for MUlti Stimuli with Hidden Reference and Anchor points. This is a method dedicated to the assessment of intermediate quality. 

It has been recommended at the ITU-R under the name BS.1534 [2].This was developed in 1999 by the EBU Project Group B/AIM in collaboration with the ITU-R Working Party 6Q. 

An important feature of this method is the inclusion of the hidden reference and bandwidth limited anchor signals. For this test, anchor points were the band-limited 3.5 kHz reference signal. 
6.3. Rejection process

The following post-screening method was used:

The post screening is based on the ability of a subject to recognize the hidden reference. Consequently, it has been decided that one score or more below 90 for a reference signal is the criterion to discard a listener.
Two laboratories were involved in this test: Fraunhofer institute (FhG) and Philips

Consequently, that led to discard:

· 1 listener (over 16) at FhG : will ;

· 2 listeners (over 16) at Philips : 6 & 9 ;

6.4. Test results

The test results are presented below.
1. Comparison between all test sites results

Table AA gives the results of a Student T test processed with the 2 test sites results. 

Figures calculated by a Student T test are the probability that two compared test sites are significantly different or not (intersection between a line and a column). In our case, this test is used to observe whether the results of a test site are significantly different from those of the other. The following assumptions were made in order to calculate table 6:

· The Student T test uses the bilateral distribution ;

· The T test was done over two set of samples with different standard deviation.

A number higher than 0.05 means that the two compared set of results are not statistically different. 
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Table 6: Student Test on test sites

Consequently, figures in table 6 indicate that FhG results are significantly different from Philips one’s.

1. Global results per test sites


[image: image41]
Figure 30: FhG global results

[image: image42]
Figure 31: Philips global results

By comparing figures 30 and 31, one can notice that the averages scores values for each configuration under test are on FhG test site than on Philips side. This shows that FhG listeners were more critical in their judgement. That joins the same remark as for test 1.

Anyhow, as the ranking is quite similar, the following will present detailed results after mixing the 2 sites.

2. Global results
Figure 32 shows the global results obtained on the 2 test sites altogether.


[image: image43]
Figure 32: global results for all test sites

The indicative reference condition HEAAC-MPS64 has been scored “Excellent” [80-100], above all the other conditions under test (excepting the hidden reference). This was quite expected as this is an error free condition.

Then, all the conditions with a 1% frame error rate, either random or bursty, with a binaural decoder or binaural post processing are scored the same on the average just below 80 (“Good”). A Student test (table 7) shows that those 4 codecs are not significantly different from each other. 

The same remark strictly applied to the group of tested conditions with a 3% frame error rate, random or bursty, with a binaural decoder or binaural post processing: those 4 conditions under test are not significantly different from each other. They are scored the same on the average around 70 /73 (“Good”)
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Table 7: Student Test on codecs under test

3. Global results per category of items

In the following, results are given for each of the 4 items categories, for both test sites.
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Figure 33: global results for the “Movie” category

The results show the same ordering as the global results (figure 32), although the 4 codecs under test with a 3% frame error rate are scored a bit higher (still “Good” quality, 75 to 77 instead of 70-73), showing that those codecs seem to be a bit less critical for this Movie category.
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Figure 34: global results for the “Music” category

The results show the same ordering as the global results (figure 32). Differences are so light that there is nothing to be mentioned for this “Music” category. 


[image: image47]
Figure 35: global results for the “Radio” category

The results show the same ordering as the global results (figure 32). Anyway, we can remark that the quality of the 8 codecs under test is scored a bit lower (but still in the “Good” item), showing that those codecs under errors conditions has a small impact on the perceived quality for this “Radio” category.
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Figure 36: global results for the “Sport” category

The results show the same ordering as the global results (figure 32). Anyhow, what is noticeable is the difference between the quality of the codecs under test with 3% bursty frame error rate and 3% random frame error rate, the quality of those latest being a bit lower.

6.5. Test 4 conclusions with interleaver
Results are quite consistent between test sites although it has to be noticed that FhG listeners were more critical than those from Philips test site.

The category of items has not a major influence on the codecs under test results.

All 8 codecs under test have been judge “Good” in quality. Results of the Student test (table 7) show that whatever the  frame error rate value (random or bursty), there is no significant difference between the MPS with HE-AAC stereo core 64kbps decoded in binaural mode and the MPS 5.1 with HE-AAC stereo core 64kbps with binaural post-processing.

7. Test 4: Listening test under errors conditions without interleaver
7.1. Codecs under Test
The following surround codecs were tested in this experiment under different error conditions:

· MPS with HE-AAC stereo core [3], 64kbps, decoded in binaural mode with :

· Random frame error rates of 1% (HEAAC-MPS64 + 1% FER)

· Random frame error rates of 3% (HEAAC-MPS64 + 3% FER)
· Bursty frame error rates of 1% (HEAAC-MPS64 + 1% BFER)
· Bursty frame error rates of 3% (HEAAC-MPS64 + 3% BFER)
· MPS 5.1 with HE-AAC stereo core [3] 64kbps, with binaural post-processing with:

· Random frame error rates of 1% (HEAAC-MPS64 + binaural post proc 1% FER)

· Random frame error rates of 3% (HEAAC-MPS64 + binaural post proc 3% FER)
· Bursty frame error rates of 1% (HEAAC-MPS64 + binaural post proc 1% BFER)
· Bursty frame error rates of 3% (HEAAC-MPS64 + binaural post proc 3% BFER)
One indicative reference condition was included:

· MPS with HE-AAC stereo core [3], 64kbps, decoded in binaural mode (HEAAC-MPS64)
7.2. Test method 

The methodology MUSHRA was used for this quality test. MUSHRA stands for MUlti Stimuli with Hidden Reference and Anchor points. This is a method dedicated to the assessment of intermediate quality. 

It has been recommended at the ITU-R under the name BS.1534 [2].This was developed in 1999 by the EBU Project Group B/AIM in collaboration with the ITU-R Working Party 6Q. 

An important feature of this method is the inclusion of the hidden reference and bandwidth limited anchor signals. For this test, anchor points were the band-limited 3.5 kHz reference signal. 
7.3. Rejection process

The following post-screening method was used:

The post screening is based on the ability of a subject to recognize the hidden reference. Consequently, it has been decided that one score or more below 90 for a reference signal is the criterion to discard a listener.
Two laboratories were involved in this test: Fraunhofer institute (FhG) and Philips

Consequently, that led to discard:

· 2 listener (over 14) at FhG :scm_32 and spindlpp_23l ;

· 3 listeners (over 13) at Philips : 1, 7 and 13;

7.4. Test results

The test results are presented below.
4. Global results per site
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Figure 30bis: Global results for Fraunhofer test site
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Figure 31bis: Global results for Philips test site

5. Comparison between all test sites results

Table 6bis gives the results of a Student T test processed with the 2 test sites results. 

Figures calculated by a Student T test are the probability that two compared test sites are significantly different or not (intersection between a line and a column). In our case, this test is used to observe whether the results of a test site are significantly different from those of the other. The following assumptions were made in order to calculate table 6tbis:

· The Student T test uses the bilateral distribution ;

· The T test was done over two set of samples with different standard deviation.

A number higher than 0.05 means that the two compared set of results are not statistically different. 
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Table 6bis: Student Test on test sites

Consequently, figures in table 6bis indicate that FhG results are not significantly different from Philips one’s. In the following, both test sites results are mixed.

6. Global results for all test sites
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Figure 32bis: Global results for all test sites
The indicative reference condition HEAAC-MPS64 has been scored “Excellent” [80-100], above all the other conditions under test (excepting the hidden reference). This was quite expected as this is an error free condition.

Then, the 2 conditions with 1% random frame error with a binaural decoder or binaural post processing are scored the same on the average, “Excellent” just above 80. A Student test (table 7bis) shows that those 2 codecs are not significantly different from each other.

The 2 conditions with 3% random frame error with a binaural decoder or binaural post processing are scored the same on the average, “Good” just bellow 80. A Student test (table 7bis) shows that those 2 codecs are not significantly different from each other.

Then, the 2 conditions with 1% bursty frame error with a binaural decoder or binaural post processing are scored the same on the average, “Good” just above 60. A Student test (table 7bis) shows that those 2 codecs are not significantly different from each other.

The 2 conditions with 3% bursty frame error with a binaural decoder or binaural post processing are scored the same on the average, “Fair” just bellow 50. A Student test (table 7bis) shows that those 2 codecs are not significantly different from each other.
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Table 7bis: Student Test on codecs under test

7. Global results per category of items

In the following, results are given for each of the 4 items categories, for both test sites.
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Figure 33bis: global results for the “Movie” category

The results show the same ordering as the global results (figure 32bis), for this “Movie” category.
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Figure 34bis: global results for the “Music” category

The results show the same ordering as the global results (figure 32bis) although the 2 codecs with a 1% burtsty frame error rate are scored a bit lower showing that those codecs seem to be a bit more critical for this “Music” category.
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Figure 35bis: global results for the “Radio” category

The results show a rather different ordering from the global results (figure 32bis). 
The 2 conditions with 1% bursty frame error with a binaural decoder or binaural post processing are scored the same as the 2 conditions 1% random frame error with a binaural decoder or binaural post processing, above 75 (“Good”). This is a bit lower than over the average items for the random frame error rate; and this is above the results over all items for the bursty frame error rate.
It seems that the king of error frame rate at 1% (bursty or random) doesn’t make any difference in quality for this “Radio” category item.

  [image: image57.emf]0

10

20

30

40

50

60

70

80

90

100


Figure 36bis: global results for the “Sport” category

The results show the same ordering as the global results (figure 32bis), for this “Movie” category.

7.5. Test 4 conclusions without interleaver
Results are very consistent between test sites.
The category of items has not a major influence on the codecs under test results, except for the “Radio” category at the 1% bursty error frame rate.

For a given pattern of frame rate error, there is no difference between MPS with HE-AAC stereo core  64kbps, decoded in binaural mode and MPS 5.1 with HE-AAC stereo core 64kbps, with binaural post-processing.
For a given frame rate error value, the bursty pattern lowers the perceived quality comparing to a random pattern.
Anyhow, the reference codec HEAAC-MPS64 remains the highest scored in quality excepting the hidden reference.

8. Test 5: Listening test on HRTFs
The global analysis for Test 5 is under preparation based on the raw data received from the France Telecom and Huawei test labs. It will be distributed by  SA4#58.
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