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1. Introduction

This document is a report on the verification of the AMR floating point C code. The following verification tasks were conducted :

· Verification of the format and correctness of the C-code
· Verification of subjective speech quality with respect to the existing AMR fixed-point codec (subjective testing) :

· clean speech
· background noise
· Additional verification of pseudo-subjective speech quality with respect to the existing AMR fixed-point codec (SNR, SNR-seg and PSQM measurement testing).

Versions 0.1, 0.21, 0.3, 0.32 and 0.5 of the C code were delivered by Nokia for this verification purpose. 

Versions 0.1 and 0.21 were used to check correctness of the C code. 

Version 0.21 was used for the subjective and objective results given in this document. 

All versions were compiled and run over 2 different platforms.

All versions contained VAD option 1. Version 0.5 also contained VAD Option 2. VAD/DTX operations were not tested. 

2. Preliminary tests and verification of the C-code

The received C code packages were successfully compiled on the following platforms :

· PC : PC- MS Window 95 – Visual C++ 5 compiler (v0.1, v0.21, v3.0, v3.2, v0.5 AMR Floating point C code)

· SUN : SUN OS – gcc compiler (v0.1, v0.21, v3.0, v3.2, v0.5 AMR Floating point C code)

Let’s define the 4 following executable building options for both encoder and decoder :

· PC-1 : no compiler optimisation options

· PC-2 : code size minimisation option

· PC-3 : execution speed maximisation option

· SUN-1 : no compiler optimisation options

After the building of executables, the second test that was perform is the encoding + decoding of several speech files with different combinations of encoder and decoder. 

Two problematic combinations were found in which the floating point C code decoder was built using respectively PC-2 and PC-3 option. When using these decoders, the output speech diverged rapidly. This problem was found on version 0.1 and reported directly. This problem was solved in version 0.32 by disabling compiler optimisations in one part of the decoder. 

The C code was reviewed based on versions 0.1 and 0.21. This did not bring any issue or comments. The form and functionality of the current C code was generally felt good. 

3. Subjective test results

An informal subjective testing was performed. The test layout is described in the following table :

Talkers
2 males, 2 females
4

Number of speech samples per talkers
1
1

Language
French
1

Noise types
Car (15dB of SNR), Street (15dB of SNR), Clean
3

Number of AMR modes
12.2, 10.2, 7.95, 6.7, 4.75kbps
5

AMR version
A : AMR Fixed point version 7.3.0 

B : Floating point AMR v0.21, in build configuration PC-1
2

Level
-26dBov
1

Number of sentence pairs in clean speech
4*1*1*1*5*2*1*1 = 2*20 comparisons
40

Number of sentence pairs in street background noise
4*1*1*1*5*2*1*1 = 2*20 comparisons
40

Number of sentence pairs in car background noise
4*1*1*1*5*2*1*1 = 2*20 comparisons
40

Table 1 : subjective testing layout

This informal test was performed in French language using a pre-processed speech database . The listening system was binaural high quality headphones with no filtering. 3 expert listeners were asked to compare the pairs processed with two AMR different versions. For every pair of processed speech sample, the listeners were asked to point out differences and artefacts in both of the version. They were also asked to declare if they had a preference between the two versions. If so, the preference was noted. The presentation order was not known to the listeners.

3.1 Rating scales

The rating scale used to rate the listeners preference is +1 (A preferred to B), 0 (no preference), -1 (B preferred to A). The mean preference rating results are given for each type of noise conditions. It is worth noting that there might not be a preference expressed even if differences are noticed.

The noticed differences are summarised by the same rating scale +1 (A different from B), 0 (no difference noticed). The mean difference ratings results are given for each type of noise conditions.

The noticed artefacts are given in the same scale. I.e. +1 (artefact), 0 (no artefact). The mean artefact ratings results are given for each type of noise conditions and for each version of the AMR.

3.2 Results 

The results are given in the form of means. Each mean has been computed from 60 votes (20 comparisons - 3 listeners).

Table : Subjective Mean Scores
Clean speech
(20 votes)
Street noise
(20 votes)
Car noise
(20 votes)

Mean preference (-1;0;+1) fixed point over floating point AMR 
-0.10
-0.03
-0.03

Mean difference rating (%)
18%
32%
18%

Mean artefact rating for fixed point (%)
12%
8%
10%

Mean artefact rating for floating point (%)
7%
7%
7%

Table 2 : Subjective testing results

The mean scores show a small preference for the floating point version over the fixed point version in clean speech conditions. This score is mainly due to one sample which showed an annoying artefact for the fixed point version. This artefact was noticed by the 3 experts. Therefore, this preference should not be considered as significant. Moreover, no significant preference is given in background noise conditions. However, differences are noticed for every kind of source materials. and a few artefacts were detected in both versions.

From this limited set of results we can draw a preliminary conclusion that the performances are seen as equivalent between the two versions of AMR. This is line with the ACR and DCR tests already performed by Nokia [1].

4. Pseudo-subjective test results

The same speech material was used to obtain pseudo-subjective performance results. The following measurements were made :

SNR and SNRSEG between input and output speech obtained with 

· AMR v7.3.0 PC-1 encoder and decoder

· AMR Floating point v0.21 PC-1 encoder and decoder.

PSQM between input and output speech obtained with :

· AMR Floating point v0.21 PC-1 codec.

· AMR Fixed point v7.3.0 PC-1 codec.

· AMR Floating point v0.21 PC-2 (max speed) encoder and PC-1 decoder.

· AMR Floating point v0.21 PC-3 (min code size) encoder and PC-1 decoder.

And SNR and SNRSEG between the 4 previous outputs.

In the case of PSQM, a subset of the speech material was processed including every modes. The results are given in the following.

The following table gives the mean SNR in dB for each mode. The SNR are computed between the input and output speech signals for the AMR Floating point v0.21 PC-1 codec.
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Mode
Clean speech
Street noise
Car noise

12,2
5,28
1,61
1,14

10,2
5,28
1,61
1,17

7,95
5,21
1,80
1,48

7,4
5,27
1,86
1,49

6,7
5,06
1,83
1,47

5,9
4,88
1,72
1,40

5,15
4,53
1,66
1,34

4,75
4,40
1,54
1,31

Table 3 : SNR in dB for each mode for AMR floating point.

The following figure illustrates the results.
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The following table gives the mean SNRSEG in dB for each mode. The SNRSEG are computed between the input and output speech signals for the AMR Floating point v0.21 PC-1 codec with 40 samples segments.

Mode
Clean speech
Street noise
Car noise

12,2
4,26
2,23
-0,59

10,2
4,15
2,09
-0,56

7,95
3,65
1,95
-0,44

7,4
3,85
2,00
-0,36

6,7
3,40
1,76
-0,38

5,9
3,25
1,55
-0,34

5,15
3,06
1,45
-0,32

4,75
2,95
1,39
-0,33

Table 4 : SNRSEG in dB for each mode for AMR floating point.

The following figure illustrates the results.
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The SNR and SNRSEG obtained are valuable in the case of clean speech. In the case of background noise, the values are highly degraded by the SNR values computed during speech pauses. This is particularly the case in car noise. Therefore, comparisons are possible in terms of SNR and SNRSEG in clean speech.

The following table gives the mean difference (float - fixed) SNR in dB for each mode. The SNR are computed between the input and output speech signals for both the AMR Floating point v0.21 PC-1 codec and the AMR v7.3.0 PC-1 codec.

Mode
Clean speech
Street noise
Car noise

12,2
-0,14
-0,03
-0,03

10,2
-0,09
-0,04
-0,05

7,95
-0,09
-0,06
-0,05

7,4
-0,07
-0,02
-0,03

6,7
-0,06
-0,02
-0,05

5,9
-0,09
-0,08
-0,08

5,15
-0,13
-0,01
-0,12

4,75
-0,10
-0,05
-0,05

Table 3 : SNR difference in dB for each mode between AMR fixed and floating point.

The following table gives the mean difference (float - fixed) SNRSEG in dB for each mode. The SNRSEG are computed between the input and output speech signals for both the AMR Floating point v0.21 PC-1 codec and the AMR v7.3.0 PC-1 codec.

Mode
Clean speech
Street noise
Car noise

12,2
-0,06
-0,02
0,02

10,2
-0,05
-0,02
0,00

7,95
-0,02
0,09
0,08

7,4
-0,04
-0,01
0,00

6,7
-0,05
-0,03
-0,04

5,9
-0,06
-0,05
-0,02

5,15
-0,04
-0,02
-0,07

4,75
-0,03
-0,04
-0,04

Table 4 : SNRSEG difference in dB for each mode between AMR fixed and floating point.

The mean values of the SNR and SNRSEG differences between the Fixed and Floating version of AMR are always very low but always at the advantage of the fixed point implementation for every modes. It is worth noting that it is also true for raw values on 29 processed files out of 32. When comparing these results with those obtained from subjective testing ([1] and the present document), this SNR difference is not noticeable by subjective means. I.e. the speech quality is essentially equivalent while the SNR values show a consistent difference. The following figure illustrates the difference in SNRSEG for the floating point and fixed point versions.
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The following 3 figures are comparisons of the PSQM between the fixed point bit exact implementation of AMR and various built of the floating point non bit exact AMR.
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To summarise the objective results, the SNR and SNRSEG results show a degradation from the fixed to the floating point version of AMR. The PSQM seems to show that even though the C code is identical, it can happen that the quality is degraded by choices of implementation configurations.

We can observe a higher degradation when the compiler option “maximise speed” is chosen. This is the case for both clean speech and vehicular noise. We can see that the PSQM results and the subjective results are in line for the float and fixed point AMR with PC-1 option (no quality degradation). Therefore, if such a PSQM degradation is visible in some cases, we can wonder if the subjective quality is affected.

SNR and SNRSEG are useful measures only when applied on clean speech signals. However, they seem to provide “more” information than the subjective quality assessment can provide. I.e. even if they show a degradation, it is not true that this degradation is subjectively noticeable. The PSQM provides a more “realistic” measure of the expected quality. In particular it is in line with the available subjective results.

5. Conclusion on the verification

Several verification items of the proposed C code for AMR Floating point were performed :

· compilation was successfully performed on several different platforms; 

· two problems were found when using different compiler configurations; 

· the form and functionality of the current C code was felt good; 

· the informal subjective quality testing did not reveal any problem and is in line with previous formal testing;

· comparisons in terms of pseudo-subjective quality revealed slight differences between different builds of the executables.

6. Comments

Regarding the technical specification, we propose to modify the current working assumption [1] that the AMR floating point C code is the only allowed implementation.

The main reason why this working assumption existed was that it appeared to provide some kind of guaranty of the resulting quality. We showed that the context (platform, compiler and compiler options) in which this code is used has a consequence on the resulting pseudo-subjective quality in terms of SNR, SNRSEG and PSQM measures. Therefore, we believe that forbidding modifications in the C code does not guaranty in itself the quality.

Moreover, one implementation may require different types of optimisations. In that case, some part of the code could be modified or taken from the fixed point parts. For example, this has been done in version 0.5. Another example is that Intel MMX fixed point specific instructions could be used advantageously in certain “mixed” implementations.

Therefore, we propose that the AMR floating point C code is specified as a basis for AMR based multimedia applications. We also propose, in order to offer a verifiable guaranty of the resulting quality of the implementation, to add requirements in terms of pseudo subjective measurements (SNR, SNRSEG or PSQM) to the specification. These quality measurements shall be equivalent to those obtained with the fixed point, bit exact AMR implementation. The reference would be taken from the available test vectors.

We are convinced that this proposal offers the means to guaranty the quality of AMR operations in multimedia applications and we ask the TSG-SA4 committee to approve it.
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