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Abstract

Current methods for measuring aliasing of hands-free terminals will sometimes falsely give a “failed” result because of reverberation, ringing, and new frequency-shifting technology that is intended to improve speech communications performance. A new test method which uses a frequency-modulated test signal and analysis window optimized for the aliased signal is presented. It is believed that this approach may provide more accurate measurements of aliasing and avoid current false failures. Further development and validation of the approach is needed.
1.0 Introduction

The need for a new “aliasing” test method was identified at previous FG CarCom meetings. Section 11.7.1 (Discrimination against Out-of-Band Signals in Sending Direction) of ITU-T P.1100 (Narrowband hands-free communication in motor vehicles) is intended to detect aliasing issues with the Hands-Free Terminal (HFT) under test. However, frequency shifting technology that takes out-of-band energy and places it in-band to improve intelligibility can cause the HFT to fail this test. Vehicle cabin reverberation and ringing of test system or HFT components can also cause false failures. Another concern raised in recent discussions on the draft of the wideband version of ITU-T P.1100 has been about the ability of current Head And Torso Simulators (HATS) to produce enough acoustic output above 8kHz to test for aliasing on wideband terminals. 
The current contribution proposes a new aliasing test method that is believed to address the above issues. Initial results look promising. However, further development and validation of the test method are needed. If this approach is adopted, it is recommended that it be used as a replacement for the current test method specified in Section 11.7.1 of ITU-T P.1100. 
2.0 Test method

The test signal used is a frequency-modulated sine wave that exceeds the upper cut-off frequency of the HFT. Figure 1 shows an example spectrogram of such a test signal. This test signal is applied to the HATS which is positioned in the driver’s seat of the vehicle being tested. For wideband terminals, the test signal should go up to at least 10kHz.  In the example it goes up to 16kHz, but this was an arbitrarily chosen value. 
The test signal is ideally measured at the output of the A/D converter. This corresponds to the DI-S2 digital tap point specified in Section 8 of both ITU-T P.1100 and the draft wideband version of P.1100. Currently, the digital interface specified in Section 8 is optional which makes it difficult to make this a mandatory requirement. It may be possible to measure the test signal at the ouput of the speech decoder of the network simulator (POI), but this has not been tried yet and the potential exists for the speech coder to distort aliased energy.
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Figure 1. Spectrogram of frequency sweep stimulus applied to Head And Torso Simulator (HATS) 
3.0 Preliminary results
Figure 2 shows the spectrogram of approximately 1 frequency-modulation cycle of the test signal measured at the output of an A/D converter. The A/D converter was operating at a 16 kHz sampling rate. It can be seen in the figure that as the decreasing frequency of the test signal approaches the upper cut-off frequency of the HFT some of the high-frequency energy gets “aliased” down into the passband. This aliasing occurred because the anti-aliasing filter in front of the A/D converter was not sharp enough. Notice that the aliased energy is a mirror image of the high frequency signal. This information can be used to more accurately detect aliasing. For example, the analysis window used to measure aliasing could be time and frequency dependent so that only areas of the spectrogram where aliasing is be expected to show up are measured. In this way the aliased signal level could be accurately measured. The aliased signal level could then be referred to the noise floor in the same frequency region—which is measured during periods when aliasing is not expected—to detect the presence of aliasing. Alternatively, the aliased signal level could be referred to the in-band signal level at the same frequency to form a measure of the amount of aliasing.  
Residual test signal energy caused by vehicle cabin reverberation and possibly ringing can also be seen in Figure 2. In fact, this is why aliasing is only seen as the test signal frequency decreases. When the test signal frequency increases there is enough residual signal in the passband to mask the aliasing. 


[image: image2]
Figure 2. Spectrogram of signal at output of A/D converter showing aliasing 

4.0 Conclusions and Recommendations
Preliminary results look promising for the proposed method. However, further development and validation of the test method is needed. 

Development activities include:

· Optimize test signal—Optimal characteristics of the test signal still need to be determined. These include the type of frequency sweep (e.g., log vs. linear), duration, and frequency range. It is also important to determine the level at which the test signal needs to be played at each frequency. As mentioned earlier, there may be some limits to the high frequency output of the HATS. However, this may not be an issue since speech energy at high frequencies is considerably lower. 

· Calculation of aliasing—The amount of aliasing could be expressed as an “aliased signal-to-noise ratio” or “in-band signal-to-aliased signal ratio”. The method for calculating aliasing needs to be decided.

· Create analysis windowing—Develop analysis windowing to accurately measure aliased signal energy and corresponding noise floor for each frequency region.

Validation activities include:

· Verify POI as acceptable measurement point—Need to determine if aliasing measurements can be made over wireless connection that includes a speech coder. The non-linear properties of low bit-rate speech coders could make it difficult accurately measure aliasing. This should be verified for each of the speech coders that the recommendation applies to. 

· Determine pass/fail criteria—Still need to determine what constitutes objectionable aliasing. This can be done by running subjective studies where participants listen to recordings made at the output of the speech decoder of the network simulator (POI). 

Other labs are encouraged to participate in the development and validation of this approach.
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