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Summary
This document provides references to the technical investigations that have compared the speech recognition performance of AMR speech coding with the ETSI standardised Distributed Speech Recognition (DSR) Front-ends [1,2].

For speech services in 3G networks it is of interest to quantify the recognition performance advantages of a DSR implementation compared to using the voice channel. 

The speech codec chosen by 3GPP is the Adaptive Multi-Rate (AMR) speech codec having 8 modes with bit rates between 4.75 and 12.2 kbps before error protection.

ETSI STQ-Aurora working group have developed two DSR Front-ends: 

1) The first, ES 201 108, using the popular Mel-Cepstrum feature extraction was published in Feb 2000. 

2) The second, ES 202 050, the Advanced DSR front-end, provides improved robustness in background noise. The Advanced DSR front-end was selected in Feb 2002 and will be published in May/June 2002. It provides 53% reduction in speech recognition word error rate compared to the Mel-Cepstrum in noise.

In the referenced reports the performance of DSR is compared to that obtained with AMR encoded speech when using the same recognition scheme. Both the maximum (12.2kbps) and minimum (4.75kbps) bit rates available for AMR are compared. This like-versus-like comparison investigates the effect that the AMR speech codec has on performance when compared to the DSR architecture where the standardised front-end is placed at the terminal.

The ETSI STQ-Aurora databases have been used for these performance evaluations. The Aurora-2 (A2) database is connected digits recognition task with artificially added noises typical of mobile environments. The Aurora-3 (A3) databases are also for a connected digit recognition task covering 5 languages and were recorded in a vehicle. The difference in performance between DSR and AMR has been measured in terms of the increase in word error rate.

Reference [1] compares AMR and DSR for the Mel-Cepstrum Front-end (ETSI ES 201 108) while Reference [2] compares AMR and the Advanced DSR Front-end (ETSI ES 202 050).

These results are summarised below and see the references for full details:

	Coder
	A2
	A3
	Average

	AMR 12.2
	  2.7 %
	  0.7 %
	  1.5 %

	AMR 4.75
	15.5 %
	16.7 %
	16.2 %


Table 1: AMR cf DSR ES 201 108 

(relative degradation in word error rate compared to DSR baseline)
The results show that speech recognition performance is substantially better with DSR than AMR. The performance with AMR 4.75 is 16 % worse than DSR on Aurora 2 and 17 % worse on Aurora 3. At the higher bit rate of AMR 12.2 the performance is practically equivalent to DSR, but the DSR front-end has the advantage of a much lower bit rate of 4.8kbps.

	Coder
	A2
	A3
	Average

	AMR 12.2
	17%
	20%
	19%

	AMR 4.75
	50%
	52%
	51%


Table 2: AMR cf Advanced DSR ES 202 050 

(relative degradation in word error rate compared to Advanced DSR baseline)
For the Advanced DSR Front-end the overall performances are much better than with the Mel-Cepstrum front-end. The relative performances are measured relative to this new baseline performance for the Advanced DSR front-end. The results show that speech recognition performance is substantially better with the DSR than AMR. The performance with AMR 4.75 is 50% worse than DSR on Aurora 2 and 52% worse on Aurora 3. Even with the higher data rate of AMR 12.2, AMR is 17% worse than DSR on Aurora 2 and 20% worse on Aurora 3.

In conclusion, using the DSR architecture gives substantial gains in recognition performance compared to using speech that has been transcoded with an AMR codec.
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