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1. Introduction

This document discusses aspects observed in the evaluation of Speech Enabled Services (SES) codec candidates.

2. Speech recognition tests

In the speech recognition experiments, the following observations have been made:

· In addition to relative performance difference, the absolute performance change should be considered to get an idea on the user experience.

· The results indicate that the overall digit recognition accuracy is very low for both codecs. In practice, commercial services using connected digit recognition are not realistic with these performance levels.

· Absolute performance improvements due the DSR codec appear to be very small and the user observed performance gain is insignificant.

· The AMR wideband test results can be questioned as the other test laboratory has downsampled the AMR test data to 8 kHz before recognition.

The following sections will illustrate these claims with examples selected from the SES result sheet.

2.1 Relative vs. Absolute Performance Difference

In the SES result sheet, the relative error rate change in the %-scale is always calculated. While this metric is commonly used in academic publications, it may give a faulty picture in the order of the improvement if the reader is not familiar how this measure operates [1]. For instance, if the recognition accuracy improves from 95% to 96%, the 1% absolute improvement corresponds to a 20%
 improvement in the relative scale.

Conclusion: Even an insignificantly small performance change can result in a very high value of relative performance improvement and potentially leading to the incorrect conclusions. Therefore, it is essential that there is no confusion if the performance improvement is given, or discussed, on the absolute or relative scale. The absolute metric illustrates better the improvement observed by the users.

2.2 Considerations on Performance Improvements

The Excel sheet below summarizes the absolute word error rate decrease in the Digits Recognition task in the low bit rate test scenario (AMR 4.75 vs. DSR 8 kHz). This case was selected as an example since very big relative improvements (over 70%) have been reported in this recognition case due to the DSR codec. It is thus worthwhile to study how big these improvements are in the absolute scale.
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The second example is also taken from the low bit rate test scenario. In the subword test case, the task was isolated word recognition with the objective to recognize voice commands. The relative error rate reduction in this test is 29.97%. The Excel sheet below gives the recognition accuracy in the case of the AMR-4.75 and DSR codecs as well as the absolute performance improvement. When looking the results in this light, the improvements are insignificant for the user. 
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Conclusion: The absolute error rate reduction appears to be very small. In the case of digits, the average error rate reduction across all the test databases is 5.4% and in the case of subwords the improvement is 2.5%, respectively.

2.3 Connected Digit Recognition Tests

It is seen from the result sheet that the overall weight of the digit recognition is equal or more than 50% when computing the overall figure-of-merit score of the codecs. In the connected digit recognition tests, it should be noted that the word error rate gives the probability that an individual digit is correctly recognized. From the user point of view, it is of course more interesting what is the probability that the full digit sequence is correctly recognized. In these evaluations, even in the best case (DSR 8 kHz Mandarin Digits), the estimated connected digit string recognition accuracy is approximately 87% (assumed 8 digits in the connected digit sequence) which not enough for real services.

Conclusion: The codec evaluation would more reliable if the test cases were more closely related to the real services.

2.4 AMR Wideband Test Results

When the test laboratories were interviewed, it turned out that the other test laboratory had downsampled the AMR-WB data to 8 kHz before passing it to the feature extraction module and recognition engine. A half of the audio bandwidth was lost in the case of AMR-WB. The reason for doing this was that their in-house feature extraction algorithm is currently not supporting the 16 kHz input signal. In practice, this means that the wide-band characteristics of speech have fully been ignored in their tests. By comparing the AMR12.2 and AMR-WB (@12.65) results between the two test laboratories, this issue acknowledged by the test laboratory, is clearly visible.

Conclusions: For the other test laboratory, in the 6 test cases out of the total 9 tests the performance of AMR-WB is even worse than that of the AMR-NB codec. Therefore, it is difficult to use the results obtained in the AMR-WB vs. DSR 16 kHz for the SES codec recommendation.

3. Conclusion

The results indicate that while the use of the DSR technology expectedly improves the recognition rate over the AMR coded speech, the overall performance improvement remains very insignificant in practice.

The SES codec has a small impact on the overall performance of speech enabled service. The other aspects, such as the selection of the back-end engine, the size of the training databases, the selected recognition task/grammar etc., play a greater role in practical implementations. Moreover, fixing the feature extraction algorithm sets constraints for the future development possibilities. Therefore, we suggest the existing 3GPP speech codec as a default codec for speech enabled services.

4. References

[1] S4-030405: “Word recognition accuracy and error rate reduction”, 3GPP SA4#26, Paris, 2003.
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low data rate

		

				Low Data Rate comparison

				Sampling rate = 8kHz

				AMR mode = AMR-NB 4.75

								word error rate				Relative Improvement						Word Error Rate								Absolute

								AMR-NB 4.75		DSR												AMR-NB 4.75		DSR		Difference

				Digits		Aurora-2 (result B)		11.73		9.62		17.99%						Digits		Aurora-2 (result B)		11.73		9.62		2.11

						Aurora-2 (result A)		16.1		12.4		22.98%								Aurora-2 (result A)		16.1		12.4		3.7

						Aurora-3 German		18.27		13.83		24.30%								Aurora-3 German		18.27		13.83		4.44

						Aurora-3 Spanish (Result A)		9.23		4.86		47.35%								Aurora-3 Spanish (Result A)		9.23		4.86		4.37

						Aurora-3 Spanish (Result B)		13.93		4.86		65.11%								Aurora-3 Spanish (Result B)		13.93		4.86		9.07

						Aurora-3 Italian		21.68		6.15		71.63%								Aurora-3 Italian		21.68		6.15		15.53

						US English In-Car (digits test)		19		12		36.84%								US English In-Car (digits test)		19		12		7

						German In-Car (digit test)		11.4		8.3		27.19%								German In-Car (digit test)		11.4		8.3		3.1

						Japanese In-Car (digit test)		16.2		9		44.44%								Japanese In-Car (digit test)		16.2		9		7.2

						US English In-Car (digits test)		4.49		2.44		45.66%								US English In-Car (digits test)		4.49		2.44		2.05

						Mandarin Embedded PDA (digit test)		2.57		1.66		35.41%								Mandarin Embedded PDA (digit test)		2.57		1.66		0.91

				0.3		Average improvement on digits tasks						39.90%		39.90%						Average Word Error Rate Improvement						5.41

				Subword		Mandarin Embedded PDA		4.09		2.52		38.39%						String Recognition Accuracy (assumed 8 digits)

						US English In-Car		4.25		2.78		34.59%										AMR-NB 4.75		DSR		Difference

						US English In-Car		14.2		9.5		33.10%						Digits		Aurora-2 (result B)		36.86		44.52		7.67

						German In-Car		12		10.1		15.83%								Aurora-2 (result A)		24.55		34.68		10.12

						Japanese In-Car		18		13		27.78%								Aurora-3 German		19.91		30.40		10.49

						Mandarin Name dialling (baseform test)		0.83		0.58		30.12%								Aurora-3 Spanish (Result A)		46.08		67.13		21.05

				0.4		Average improvement on subword tasks						29.97%								Aurora-3 Spanish (Result B)		30.12		67.13		37.01

																				Aurora-3 Italian		14.16		60.18		46.03

																				US English In-Car (digits test)		18.53		35.96		17.43

				Tone Confusability		Mandarin Name dialling (tone confusion test)		3.59		3.06		14.76%								German In-Car (digit test)		37.97		50.00		12.03

				0.1		Average improvement on tone confusability						14.76%								Japanese In-Car (digit test)		24.32		47.03		22.71

																				US English In-Car (digits test)		69.25		82.07		12.82

																				Mandarin Embedded PDA (digit test)		81.20		87.47		6.27

				Channel errors		1% BLER (result A)		5.67		2.39		57.85%								Average Digit String Rate (N=8) improvement						18.5107781527

						1% BLER (result B)		9.4		6.7		28.72%

						3% BLER (result A)		6.51		2.38		63.44%

						3% BLER (result B)		17.6		6.8		61.36%

				0.2		Average improvement with channel errors						52.84%

				OVERALL RELATIVE REDUCTION IN WORD ERROR RATE								36%





high data rate 8kHz

		

				High Data Rate comparison at 8kHz

				Sampling rate = 8kHz

				AMR mode = AMR-NB 12.2

								word error rate				Relative Improvement

								AMR-NB 12.2		DSR

				Digits		Aurora-2 (result B)		10.28		9.62		6.42%

						Aurora-2 (result A)		14.2		12.4		12.68%

						Aurora-3 German		15.9		13.83		13.02%

						Aurora-3 Spanish (Result A)		7.7		4.86		36.88%

						Aurora-3 Spanish (Result B)		11.95		4.86		59.33%

						Aurora-3 Italian		19.04		6.15		67.70%

						US English In-Car (digits test)		15.6		12		23.08%

						German In-Car (digit test)		8.6		8.3		3.49%

						Japanese In-Car (digit test)		11		9		18.18%

						US English In-Car (digits test)		3.37		2.44		27.60%

						Mandarin Embedded PDA (digit test)		2.57		1.66		35.41%

				0.3		Average improvement on digits tasks						27.62%

				Subword		Mandarin Embedded PDA		3.14		2.52		19.75%

						US English In-Car		3.29		2.78		15.50%

						US English In-Car		12.9		9.5		26.36%

						German In-Car		9.7		10.1		-4.12%

						Japanese In-Car		12.8		13		-1.56%

						Mandarin Name dialling (baseform test)		0.84		0.58		30.95%

				0.4		Average improvement on subword tasks						14.48%

				Tone Confusability		Mandarin Name dialling (tone confusion test)		3.81		3.06		19.69%

				0.1		Average improvement on tone confusability						19.69%

				Channel errors		1% BLER (result A)		4.73		2.39		49.47%

						1% BLER (result B)		7.1		6.7		5.63%

						3% BLER (result A)		6.33		2.38		62.40%

						3% BLER (result B)		12.6		6.8		46.03%

				0.2		Average improvement with channel errors						40.88%

				OVERALL RELATIVE REDUCTION IN WORD ERROR RATE								24.22%





high data rate 16kHz

		

				High Data Rate comparison at 16kHz

				Sampling rate = 16kHz

				AMR mode = AMR-WB 12.65

								word error rate				Relative Improvement

								AMR-WB		DSR

				Digits		Aurora-3 Spanish (Result A)		7.5		4.6		38.67%

						Aurora-3 Spanish (Result B)		7.39		3.47		53.04%

						Aurora-3 Italian		14.77		5.62		61.95%

						US English In-Car (digits test)		17.8		12.3		30.90%

						German In-Car (digit test)		9.2		7.3		20.65%

						Japanese In-Car (digit test)		11.3		8.4		25.66%

						US English In-Car (digits test)		2.04		1.78		12.75%

						Mandarin Embedded PDA (digit test)		1.8		1.14		36.67%

				0.35		Average improvement on digits tasks						35.04%

				Subword		Mandarin Embedded PDA		2.29		1.63		28.82%

						US English In-Car		2.35		2.31		1.70%

						US English In-Car		13.2		7.8		40.91%

						German In-Car		10.7		7.1		33.64%

						Japanese In-Car		12.3		10.8		12.20%

				0.45		Average improvement on subword tasks						23.45%

				Channel errors		1% BLER (result A)		2.74		1.84		32.85%

						1% BLER (result B)		7.4		4.8		35.14%

						3% BLER (result A)		3.44		1.84		46.51%

						3% BLER (result B)		10.9		5		54.13%

				0.2		Average improvement with channel errors						42.16%

				OVERALL RELATIVE REDUCTION IN WORD ERROR RATE								31.25%
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low data rate

		

				Low Data Rate comparison

				Sampling rate = 8kHz

				AMR mode = AMR-NB 4.75

								word error rate				Relative Improvement						Word Error Rate

								AMR-NB 4.75		DSR												AMR-NB 4.75		DSR		Difference

				Digits		Aurora-2 (result B)		11.73		9.62		17.99%						Digits		Aurora-2 (result B)		11.73		9.62		2.11

						Aurora-2 (result A)		16.1		12.4		22.98%								Aurora-2 (result A)		16.1		12.4		3.7

						Aurora-3 German		18.27		13.83		24.30%								Aurora-3 German		18.27		13.83		4.44

						Aurora-3 Spanish (Result A)		9.23		4.86		47.35%								Aurora-3 Spanish (Result A)		9.23		4.86		4.37

						Aurora-3 Spanish (Result B)		13.93		4.86		65.11%								Aurora-3 Spanish (Result B)		13.93		4.86		9.07

						Aurora-3 Italian		21.68		6.15		71.63%								Aurora-3 Italian		21.68		6.15		15.53

						US English In-Car (digits test)		19		12		36.84%								US English In-Car (digits test)		19		12		7

						German In-Car (digit test)		11.4		8.3		27.19%								German In-Car (digit test)		11.4		8.3		3.1

						Japanese In-Car (digit test)		16.2		9		44.44%								Japanese In-Car (digit test)		16.2		9		7.2

						US English In-Car (digits test)		4.49		2.44		45.66%								US English In-Car (digits test)		4.49		2.44		2.05

						Mandarin Embedded PDA (digit test)		2.57		1.66		35.41%								Mandarin Embedded PDA (digit test)		2.57		1.66		0.91

				0.3		Average improvement on digits tasks						39.90%								Average Word Error Rate Improvement						5.4072727273

				Subword		Mandarin Embedded PDA		4.09		2.52		38.39%						String Recognition Accuracy (assumed 8 digits)

						US English In-Car		4.25		2.78		34.59%										AMR-NB 4.75		DSR		Difference

						US English In-Car		14.2		9.5		33.10%						Digits		Aurora-2 (result B)		36.86		44.52		7.67

						German In-Car		12		10.1		15.83%								Aurora-2 (result A)		24.55		34.68		10.12

						Japanese In-Car		18		13		27.78%								Aurora-3 German		19.91		30.40		10.49

						Mandarin Name dialling (baseform test)		0.83		0.58		30.12%								Aurora-3 Spanish (Result A)		46.08		67.13		21.05

				0.4		Average improvement on subword tasks						29.97%								Aurora-3 Spanish (Result B)		30.12		67.13		37.01

																				Aurora-3 Italian		14.16		60.18		46.03

																				US English In-Car (digits test)		18.53		35.96		17.43

				Tone Confusability		Mandarin Name dialling (tone confusion test)		3.59		3.06		14.76%								German In-Car (digit test)		37.97		50.00		12.03

				0.1		Average improvement on tone confusability						14.76%								Japanese In-Car (digit test)		24.32		47.03		22.71

																				US English In-Car (digits test)		69.25		82.07		12.82

																				Mandarin Embedded PDA (digit test)		81.20		87.47		6.27

				Channel errors		1% BLER (result A)		5.67		2.39		57.85%								Average Digit String Rate (N=8) improvement						18.5107781527

						1% BLER (result B)		9.4		6.7		28.72%

						3% BLER (result A)		6.51		2.38		63.44%

						3% BLER (result B)		17.6		6.8		61.36%										AMR-NB 4.75		DSR		Absolute Gain		Rel. Gain

				0.2		Average improvement with channel errors						52.84%						Subword		Mandarin Embedded PDA		95.91		97.48		1.57		38.39

																				US English In-Car		95.75		97.22		1.47		34.59

																				US English In-Car		85.8		90.5		4.70		33.10

				OVERALL RELATIVE REDUCTION IN WORD ERROR RATE								36%								German In-Car		88		89.9		1.90		15.83

																				Japanese In-Car		82		87		5.00		27.78

																				Mandarin Name dialling (baseform test)		99.17		99.42		0.25		30.12

																				Average Word Recognition Rate Improvement:						2.48		29.97





high data rate 8kHz

		

				High Data Rate comparison at 8kHz

				Sampling rate = 8kHz

				AMR mode = AMR-NB 12.2

								word error rate				Relative Improvement

								AMR-NB 12.2		DSR

				Digits		Aurora-2 (result B)		10.28		9.62		6.42%

						Aurora-2 (result A)		14.2		12.4		12.68%

						Aurora-3 German		15.9		13.83		13.02%

						Aurora-3 Spanish (Result A)		7.7		4.86		36.88%

						Aurora-3 Spanish (Result B)		11.95		4.86		59.33%

						Aurora-3 Italian		19.04		6.15		67.70%

						US English In-Car (digits test)		15.6		12		23.08%

						German In-Car (digit test)		8.6		8.3		3.49%

						Japanese In-Car (digit test)		11		9		18.18%

						US English In-Car (digits test)		3.37		2.44		27.60%

						Mandarin Embedded PDA (digit test)		2.57		1.66		35.41%

				0.3		Average improvement on digits tasks						27.62%

				Subword		Mandarin Embedded PDA		3.14		2.52		19.75%

						US English In-Car		3.29		2.78		15.50%

						US English In-Car		12.9		9.5		26.36%

						German In-Car		9.7		10.1		-4.12%

						Japanese In-Car		12.8		13		-1.56%

						Mandarin Name dialling (baseform test)		0.84		0.58		30.95%

				0.4		Average improvement on subword tasks						14.48%

				Tone Confusability		Mandarin Name dialling (tone confusion test)		3.81		3.06		19.69%

				0.1		Average improvement on tone confusability						19.69%

				Channel errors		1% BLER (result A)		4.73		2.39		49.47%

						1% BLER (result B)		7.1		6.7		5.63%

						3% BLER (result A)		6.33		2.38		62.40%

						3% BLER (result B)		12.6		6.8		46.03%

				0.2		Average improvement with channel errors						40.88%

				OVERALL RELATIVE REDUCTION IN WORD ERROR RATE								24.22%





high data rate 16kHz

		

				High Data Rate comparison at 16kHz

				Sampling rate = 16kHz

				AMR mode = AMR-WB 12.65

								word error rate				Relative Improvement

								AMR-WB		DSR

				Digits		Aurora-3 Spanish (Result A)		7.5		4.6		38.67%

						Aurora-3 Spanish (Result B)		7.39		3.47		53.04%

						Aurora-3 Italian		14.77		5.62		61.95%

						US English In-Car (digits test)		17.8		12.3		30.90%

						German In-Car (digit test)		9.2		7.3		20.65%

						Japanese In-Car (digit test)		11.3		8.4		25.66%

						US English In-Car (digits test)		2.04		1.78		12.75%

						Mandarin Embedded PDA (digit test)		1.8		1.14		36.67%

				0.35		Average improvement on digits tasks						35.04%

				Subword		Mandarin Embedded PDA		2.29		1.63		28.82%

						US English In-Car		2.35		2.31		1.70%

						US English In-Car		13.2		7.8		40.91%

						German In-Car		10.7		7.1		33.64%

						Japanese In-Car		12.3		10.8		12.20%

				0.45		Average improvement on subword tasks						23.45%

				Channel errors		1% BLER (result A)		2.74		1.84		32.85%

						1% BLER (result B)		7.4		4.8		35.14%

						3% BLER (result A)		3.44		1.84		46.51%

						3% BLER (result B)		10.9		5		54.13%

				0.2		Average improvement with channel errors						42.16%

				OVERALL RELATIVE REDUCTION IN WORD ERROR RATE								31.25%
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