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1. Introduction

This document presents verification results for the floating-point implementation of AMR-WB using a wideband version of the ITU-T P.862 Perceptual Evaluation of Speech Quality (PESQ) algorithm. The work was performed on behalf of mmO2 by Psytechnics
, a BT spin-off company founded by the co-developers of PESQ.

2. Wideband-PESQ

Narrowband PESQ (P.862) was standardised by the ITU-T as Recommendation P.862 in February 2001 after winning the ITU-T competition to find a replacement for PSQM (P.861). The algorithm passed all of the ITU’s performance requirements in independent verification procedures, which were based on the results of thirty subjective experiments. 

As the name suggests, Wideband PESQ (WB-PESQ) extends the operation of PESQ to the assessment of wideband speech systems. The algorithm was presented to the ITU-T in October 2001, and a complete description can be found in an ITU-T white contribution COM12-36 [1].

3. Experiments

The verification was divided into the six experiments described in Table 1. All nine AMR-WB modes were tested in each experiment in addition to a case where the mode was selected at random every 20ms. The background noise types and signal to noise (SNR) ratios used are consistent with those used in Experiment 6 of the AMR-WB Characterisation Phase. 

Table 1: Verification experiments

	Exp
	Noise
	SNR
	DTX

	1
	Clean
	-
	no

	2
	Vehicle
	15dB
	no

	3
	Office
	20dB
	no

	4
	Office
	20dB
	yes


A set of 32 files was processed for each test condition, comprising four samples from two male and two female talkers in two languages (British English and French). Each sample was a standard 8-second sentence pair of the type commonly used in subjective experiments.

4. Processing

4.1 Code versions and platform

The fixed-point ANSI C code was taken from version 5.3 of TS 26.172 taken from:

ftp://ftp.3gpp.org/Specs/2001-12/Rel-5/26_Series/26173-530.zip
The floating-point ANSI C code was version 2.2 supplied by Nokia on 11 February 2002.

Both codecs were compiled under Microsoft Visual C/C++ 6.0 with the /O2 optimisation level. The codecs were executed on a 600Mhz Dual Processor Pentium 3 running Windows NT 4.0. 

4.2 Speech quality measurement

PESQ is an intrusive speech quality measurement algorithm, and as such requires a reference and degraded signal pair to measure the performance of a speech transmission system (see Figure 1). The reference signal is the speech signal after the addition of background noise.
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Figure 1: PESQ configuration.

4.3 Speech and noise pre-processing

The input signals were pre-processed according to the procedures defined in the AMR-WB Characterisation Processing Plan [2]. Rounding to 14-bits was not implemented, in order to allow for any differences in handling the least significant bits of the input signal. Each 8-second file was processed separately without a preamble.

5. Results

5.1 Decoder performance

The fixed-point and floating-point implementations of the AMR-WB are designed to provide bit-identical operation. Bit-stream files were generated using the fixed-point encoder for all 1280 test files described in Section 3 (32 speech samples x 10 modes x 4 experiments). The outputs of the two decoders were compared for each test condition, and were found to be identical in all cases.

5.2 Encoder performance

The performances of the fixed-point and floating-point encoders were measured using the Wideband PESQ algorithm for each test file.  For this evaluation, each encoder was used with its corresponding decoder: the fixed-point encoder was used with the fixed-point decoder, and the floating-point encoder was used with the floating-point decoder.  For each experiment, we show the following graphs:

(a) WB-PESQ scores for fixed-point encoder

This plots the condition average WB-PESQ score for each mode for the fixed encoder.  The error bars plot the minimum and maximum WB-PESQ scores observed.  In addition to modes 0–8, results are also given for a switched-rate condition in which the mode was changed randomly for each frame.

(b) WB-PESQ scores for floating-point encoder

This plot is equivalent to (a), but shows the results for the floating-point encoder.

(c) Difference in WB-PESQ scores between encoders

The condition average difference between the WB-PESQ scores given to each encoder are shown in this plot.  The minimum and maximum differences for a given original speech file are shown by the error bars.

(d) Distribution of differences in WB-PESQ scores

This plots the histogram of the file-by-file differences between the two encoders.  The histogram bins used are separated by 0.05 and centred on 0.0.

Experiment 1: Clean speech
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	(a) 
WB-PESQ scores for fixed-point encoder
	(b)
WB-PESQ scores for floating-point encoder
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	(c) 
Difference in WB-PESQ scores between encoders
	(d)
Distribution of differences in WB-PESQ scores


5.2.1 Experiment 2: Vehicle noise at 15dB SNR
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	(a) 
WB-PESQ scores for fixed-point encoder
	(b)
WB-PESQ scores for floating-point encoder
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	(c) 
Difference in WB-PESQ scores between encoders
	(d)
Distribution of differences in WB-PESQ scores


5.2.2 Experiment 3: Office noise at 20dB SNR
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	(a) 
WB-PESQ scores for fixed-point encoder
	(b)
WB-PESQ scores for floating-point encoder
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	(c) 
Difference in WB-PESQ scores between encoders
	(d)
Distribution of differences in WB-PESQ scores


5.2.3 Experiment 4: Office noise at 20dB SNR, with DTX
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	(a) 
WB-PESQ scores for fixed-point encoder
	(b)
WB-PESQ scores for floating-point encoder
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	(c) 
Difference in WB-PESQ scores between encoders
	(d)
Distribution of differences in WB-PESQ scores


Combined results

The distribution of differences between the encoders, across all experiments and all modes, is shown in Figure (a) below.  The distribution of differences for all fixed-rate modes (excluding the switched-rate conditions) are shown in Figure (b) below.  The distribution of differences for only the switched-rate conditions are shown in Figure (c) below.

As before, the histogram bins used are separated by 0.05 and centred on 0.0.
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	(a) All combined results
	(b)
All fixed-rate modes (excluding switched-rate conditions)
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	(c) All switched-rate conditions
	


Significance tests

The distributions plotted in the previous section suggest that there is a discrepancy between the switched-rate conditions and the other, fixed-rate conditions.

We applied a simple confidence-interval method to test whether the differences between the encoders are significant.  (Of course more powerful statistical techniques could also be used.)  The results are shown in Table 2.

Table 2: Significance tests

	Sample
	Sample mean
	Sample std. dev
	Min/max sample range
	Number of data points
	Approx. symm. 99% CI
	Significant?

	All fixed-rate modes (excl. switched-rate)
	0.0037
	0.061
	-0.38

0.58
	1728
	0.0038
	Yes, but close to margin

	Switched-rate conditions only
	0.32
	0.105
	0.014

0.61
	192
	0.020
	Yes


6. Observations

The two decoders provide bit identical operation.

For the fixed-rate modes across all six experiments, there was a very small improvement in performance in the floating-point codec (on average 0.0037 higher WB-PESQ score).  This improvement is just statistically significant, but is subjectively imperceptible.

For the switched-rate conditions, the floating-point encoder performed significantly better than the fixed-point encoder (on average 0.32 higher WB-PESQ score).  This improvement is clearly statistically significant.  It is also subjectively significant: for comparison, the difference in WB-PESQ score between the lowest and highest rate modes is on the order of 1.0. 

Expert listening revealed artefacts in speech encoded by the fixed-point encoder under continuous mode switching that were not present in speech encoded by the floating-point encoder.

7. Conclusions

It is most likely, from the data, that there is no significant subjective difference between the fixed-point and floating-point encoders for a fixed mode. We recommend that the discrepancy in performance under continuous mode switching be investigated further.
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Appendix: Comparison between WB-PESQ and subjective MOS

Just as there are normal variations in MOS from one subjective test to another, and between subjective listening laboratories, so there are variations between PESQ score and subjective MOS.

However, before we can be satisfied about the results of the validation described in this document, we need to know the relationship between PESQ and subjective MOS.  This also makes it possible to understand the results of the validation: for example, is a change in PESQ score of 1.0 comparable to a change in MOS of 1.0?

For the four subjective test results reported in [1], WB-PESQ has an average correlation with MOS, measured per condition after monotonic 3rd-order polynomial mapping, of 96.5%.  However WB-PESQ had not previously been validated with the AMR-WB codec.  In this Appendix we present a comparison with MOS for experiment 1 of the fixed-point AMR-WB characterisation tests.

Because it was not possible to replicate the more complex subjective test conditions given the limited data made available to us, we present results only for the clean speech conditions, with no tandeming and at nominal levels.  The following graphs compare the subjective MOS reported by BT [4] and Nokia [5] for Experiment 1 with WB-PESQ, for the fixed-rate codec modes from 0 to 8.  Condition averages are used both for subjective MOS and PESQ score.  The linear correlation coefficients for these data sets are 97.4% and 95.8% respectively.
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	(a) BT results
	(b) Nokia results


Given these results, our conclusions are as follows.

· WB-PESQ scores are monotonically increasing with bit-rate for this codec.

· There are small deviations from a smooth curve.  It is difficult to account for these deviations without reference to the subjective test data, but they may be due to subtle differences in background noise processing or to subjective factors such as randomisation or material dependence.

· WB-PESQ appears to give scores that are slightly lower overall than subjective MOS for these tests.

· A range of WB-PESQ scores of about 0.9 (2.72 to 3.64) corresponds to a range of MOS of about 1.2 (3.02 to 4.21) for the BT test, and 0.75 (3.40 to 4.15) for the Nokia test.  Differences in WB-PESQ score are clearly of similar magnitude to differences in MOS.

· WB-PESQ is applicable to the AMR-WB codec and appears to have a high correlation with MOS.
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