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1. Summary
In this paper, we present results of the ETSI standard of the DSR extended advanced front-end and the fixed-point implementation on A2 database, A3 database at 8 kHz and A3 database at 16 kHz (see appendix 1 for a description of the databases). Results were obtained using quantization and VAD.

Results show that the speech recognition performances of the ETSI standard advanced front-end and the fixed-point implementation are similar.
2. Results on A2 database
	Absolute performance

	Training Mode
	Set A
	Set B
	Set C
	Overall

	Multicondition
	92,04
	91,94
	90,27
	91,65

	Clean Only
	87,54
	86,97
	85,63
	86,93

	Average
	89,79
	89,50
	87,95
	89,29


Tab. 1 ETSI Standard Front-End Results on A2 Database.

	Absolute performance

	Training Mode
	Set A
	Set B
	Set C
	Overall

	Multicondition
	92,05
	91,89
	90,26
	91,63

	Clean Only
	87,63
	86,97
	85,55
	86,95

	Average
	89,84
	89,43
	87,91
	89,29


Tab. 2 Fixed-Point Front-End Results on A2 Database.

In average, results of ETSI standard and fixed-point front-ends are identical on A2 database.

3. Results on A3 database at 8 kHz
	Absolute performance

	Training Mode
	Italian
	Finnish
	Spanish
	German
	Danish
	Average 

	Well Matched
	96,90
	95,99
	96,66
	95,15
	93,65
	95,67

	Medium Mismatch
	93,41
	80,10
	93,73
	89,60
	81,10
	87,59

	High Mismatch
	88,64
	84,77
	90,50
	91,30
	78,35
	86,71

	0.4W+0.35M+0.25H
	93,61
	87,62
	94,09
	92,25
	85,43
	90,60


Tab. 3 ETSI Standard Front-End Results on A3 Database at 8 kHz.
	Absolute performance

	Training Mode
	Italian
	Finnish
	Spanish
	German
	Danish
	Average 

	Well Matched
	96,91
	96,14
	96,64
	95,13
	93,54
	95,67

	Medium Mismatch
	93,33
	80,23
	93,73
	89,75
	81,36
	87,68

	High Mismatch
	88,95
	85,51
	90,44
	91,44
	79,34
	87,14

	0.4W+0.35M+0.25H
	93,67
	87,91
	94,07
	92,32
	85,73
	90,74


Tab. 4 Fixed-Point Front-End Results on A3 Database at 8kHz.
Results show that the ETSI standard and fixed-point front-ends have similar performance on A3 database at 8 kHz.

4. Results on A3 database at 16 kHz

	Absolute performance

	Training Mode
	Italian
	Finnish
	Spanish
	
	Danish
	 Average

	Well Matched
	96,14
	97,31
	97,06
	
	93,54 
	96,01

	Medium Mismatch
	94,73
	86,25
	94,70
	
	 83,57
	89,81

	High Mismatch
	90,58
	90,35
	90,38
	
	 80,74
	88,01

	0.4W+0.35M+0.25H
	94,26
	91,70
	94,56
	
	86,85 
	91,84


Tab. 5 ETSI DSR Front-End Results on A3 Database at 16 kHz.

	Absolute performance

	 Training Mode
	Italian
	Finnish
	Spanish
	
	Danish
	 Average

	Well Matched
	96,09
	97,32
	97,03
	
	93,57
	96,00

	Medium Mismatch
	94,21
	86,32
	94,85
	
	83,70
	89,77

	High Mismatch
	90,89
	90,57
	90,38
	
	80,74
	88,15

	0.4W+0.35M+0.25H
	94,13
	91,78
	94,60
	
	86,91
	91,86


Tab. 6 Fixed-Point Front-End Results on A3 Database at 16 kHz.

In average, results of ETSI standard and fixed-point front-ends are very similar on A3 databases at 16 kHz.

5. Appendix 1: Description of databases
A1. Introduction

Over a period of 4 years the ETSI STQ-Aurora working group has developed a set of evaluation databases and test criteria. Their purpose has been to support the characterisation and selection of Distributed Speech Recognition (DSR) front-ends. The databases cover a range of environments (typical for mobile device users) and languages.  These have been made publicly available and are widely used. More details are given are given in reports sited in the references. The databases and procedures have been used for the competitive selection of the Advanced DSR front-end standard ES 202 050 and is summarised in references [1, 3]. For ETSI members further information is available at the ETSI Aurora web site [2].

A2. Aurora 2: Noisy TI Digits database

The original high quality TIDigits database has been prepared by downsampling to 8kHz, filtering with G712 (which has frequency response representative of GSM terminal characteristics) and the controlled addition of noise to cover a range of signal to noise ratios (clean, 20,15,10,5,0,-5dB) and 8 different noise conditions. The database consists of connected digit sequences for American English talkers and clean and multi-condition training sets are defined. A full description of the database and the test framework is given in reference [4].

There are 3 test sets; set A contains noises seen in the multi-condition training data, set B contains noises that have not been seen in the training data and set C uses M-IRS filtering and noise addition to test the combination of convolutional distortion and noise.

A2. Aurora 3: Multilingual Speechdat-Car Digits database

Tests  with Aurora 3 database allow to evaluate the performance of the codec on data that has been collected from speakers in a noisy environment. It tests the performance of the front-end with well matched training and testing as well as its performance in mismatched conditions as are likely to be encountered in deployed DSR systems. It also serves to test the front-end on a variety of languages: Finnish, Italian, Spanish, German, and Danish [5,6,7,8,9]. It is a small vocabulary task consisting of the digits selected from a larger database collection called SpeechDat-Car. See reference [5] as an example of for descriptions of these databases for Finnish with baseline performances for the mfccFE. The databases each have 3 experiments consisting of training and test sets to measure performance with:
A) Well matched training and testing - Train & test with the hands-free microphone over the range of vehicle speeds so that the training and test sets cover similar range of noise conditions.
B) Moderate mismatch training and testing - Train on only of a subset of the range of noises present in the test set. For example, hands-free microphone for lower speed driving conditions for training and hands free microphone at higher vehicle speeds for testing.
C) High mismatch training and testing - Model training with speech from close talking microphone. Hands-free microphone at range of vehicle speeds for testing.
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