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Introduction

The recently updated P.501 recommendation includes a new section 7.3.1 containing reference real speech samples for both one-way and conversational telephonometry objective measurements. There is also a pre-selection of two sentences (one male and one female) for use with echo cancellation tests in section 7.3.6. Although these sentences contain slightly higher energy in the high frequency region, it may be desirable to have a dynamically compressed and spectrally enhanced speech sample that provides low crest factor and similar power in each analysis frequency band for proper echo attenuation measurements. These properties are found in the artificial signals of P.501 Annex A and a real speech substitute.was included recently in Q6/12. This contribution reintroduces the content presented ITU-T Q6/12 and proposes to adopt the new test signal for echo loss measurements described in 26.132.

Procedure for generation of the dynamically compressed, spectrally enhanced real speech signal.

The following procedure was used for generation of the dynamically compressed, spectrally enhanced real speech signal:

· The starting signal was the single-talk sequence described in ITU-T P.501 section 7.3.2.1.

· The signal power was analyzed in 1/3rd octave bands using MATLAB.

· A 1/3rd octave band graphic equalizer in Adobe Audition was used to equate the signal power in each band to the signal power found in the 1kHz band.

· An 8th order, Chebychev 1 high-pass filter in Adobe Audition with a cut-off frequency of 50Hz was used to remove some of the low frequency noise energy.

· Adobe Audition’s hard limiter with a lookahead time of 10ms and a release time of 100ms was applied, limiting the maximum amplitude to -12dBFS.

· A gain of 11.5dB was applied to the signal.

Resulting signal

Figure 1 shows the time history of the resulting signal. Figure 2 compares the signal energy in 1/3rd octave bands for the current P.501 Annex A multisine based test signal, the single-talk real speech signal of section 7.3.2.1, and the proposed processed real speech signal.
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Figure 1
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Figure 2
It can be seen that the new signal has more energy in the higher bands in comparison to the original real speech signal, providing more signal energy for echo cancellation tests in wideband and super-wideband. In addition, the crest factor (max peak level to total RMS power) of the single-talk speech sequence was reduced from 19.72dB to 11.82dB, which should be suitable to use with TCLw measurements (up to 58dB).

Application of the test signal in mobile terminals

In order to confirm the applicability of the test signal for application with real terminals incorporating echo cancellation and noise suppression, three devices operating in wideband mode (AMR-WB 12.65kbps) were tested using the HEAD Acoustics ACQUA system running the latest version of the 3GPP TS 26.132 clause 8.7.3 wideband acoustic echo control tests. The tests were first run using the current test signal (PN-sequence from ITU-T P.501) with a preceding conditioning sequence and then repeated with the proposed real speech test signal. In order to verify repeatability of the measurements, each measurement was repeated three times. The devices were put in hands-free mode in an attempt to exercise a wider range of scores for echo loss. Results are summarized in Table 1:

Table 1 – Summary of results of echo loss tests with Compressed Real Speech samples

	Measurement Object
	Value
	Unit
	Name
	Status
	Signal
	Run

	Device 1
	64.24
	dB
	Echo Loss
	OK
	PN sequence
	1

	Device 1
	59.58
	dB
	Echo Loss
	OK
	Compressed Real Speech
	1

	Device 1
	65.28
	dB
	Echo Loss
	OK
	PN sequence
	2

	Device 1
	58.95
	dB
	Echo Loss
	OK
	Compressed Real Speech
	2

	Device 1
	65.13
	dB
	Echo Loss
	OK
	PN sequence
	3

	Device 1
	55.07
	dB
	Echo Loss
	OK
	Compressed Real Speech
	3

	Device 2
	69.71
	dB
	Echo Loss
	OK
	PN sequence
	1

	Device 2
	62.15
	dB
	Echo Loss
	OK
	Compressed Real Speech
	1

	Device 2
	68.40
	dB
	Echo Loss
	OK
	PN sequence
	2

	Device 2
	62.02
	dB
	Echo Loss
	OK
	Compressed Real Speech
	2

	Device 2
	69.90
	dB
	Echo Loss
	OK
	PN sequence
	3

	Device 2
	62.28
	dB
	Echo Loss
	OK
	Compressed Real Speech
	3

	Device 3
	40.84
	dB
	Echo Loss
	Not OK
	PN sequence
	1

	Device 3
	38.21
	dB
	Echo Loss
	Not OK
	Compressed Real Speech
	1

	Device 3
	40.42
	dB
	Echo Loss
	Not OK
	PN sequence
	2

	Device 3
	37.83
	dB
	Echo Loss
	Not OK
	Compressed Real Speech
	2

	Device 3
	40.02
	dB
	Echo Loss
	Not OK
	PN sequence
	3

	Device 3
	36.26
	dB
	Echo Loss
	Not OK
	Compressed Real Speech
	3


It is seen that the echo loss results with the compressed real speech are lower than with the PN sequence. This is due to a few factors:

· The AEC in combination with the noise suppressor is a time-variant device, and the echo loss fluctuates over time. The current PN sequence measurement analysis window is only 240ms long, while the echo loss with the compressed real speech signal is calculated over the entire length of the test signal (around 30 seconds). The proposed compressed real speech test signal allows the measurement to better capture echo bursts that otherwise would not be present in the short measurement and analysis period of the current PN sequence. This is observed also in device 1, where the last repeat for the test with the compressed real speech test signal presents a lower score. In this repeat, there were actual echo bursts that were not present in other repeats.

· The PN-sequence is potentially rejected by modern noise suppression systems and may not represent the actual echo observed in operation with real speech signals.

· The PN-sequence results may not be directly comparable to either the compressed real speech or the alternative multi-sine signal from P.501 as it has a white spectrum, whereas the proposed signal and the multi-sine have a pink-like spectrum.

The level x time of the echo signal captured at the output of the network simulator with the compressed real speech signal is provided for reference in Figure 3.
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It is seen that the device represented by the green curve (device 3) indeed transmits substantial echo and it fails the echo loss requirements (same is observed with the PN sequence). The device represented by the cyan curve has little echo but occasionally one or two echo bursts which causes the scores to be a bit lower than what they would be with the PN sequence (device 2) but still well within the requirements. The same is true for device 1 (red curve), although device 1 has even more pronounced echo bursts.

It is observed from the results that measurements up to 62dB of echo loss were achieved, confirming that the proposed signal is suitable for measurements of echo loss within the targets required for echo cancellation tests.

Conclusion and Proposal

The new compressed real speech signal in P.501 was found to provide a more realistic alternative to echo cancellation tests and are better suited for application with modern noise suppression, speech coding and echo cancellation systems. It is proposed to update 3GPP TS 26.132 with said test signal. 

