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1. Introduction

The purpose of this document is to present test results for various test signals for the measurement of acoustic behaviour of mobile phones via air interface and to make a proposal for logarithmic spaced multisine signals.

The reference for all frequency response curves is the measurement via the DAI-interface avoiding the effects of the coder-decoder path. All frequency response measurements were made with a GSM phone in receiving direction with type 1 ear using Universal Radiocommunication Tester CMU200.

2.  General

For all measurements the dynamic range should be as high as possible. This is a must for the measurement of echo loss (see also Tdoc S4/SMG11 (00)0146) but is also desirable for all other acoustic measurements. The best signal to noise ratio can be achieved with sinusoidal signals but this cannot be used for measurements via air interface due to coder behaviour. All other possible test signals are more or less broadband signals which lead to selective measurement methods. Using a 1/3rd octave analysis gives not enough frequency resolution for a frequency response measurement in order to reveal the real response and to enable a close verdict check to the limit values. A 1/12th octave analysis leads to the same frequency resolution which is normally used for type approval measurement via DAI interface.

3. Test signals

Artificial speech:

One proposal is to use artificial speech according to ITU-T P.50 and to calculate the frequency response from the difference of the input and the output spectra. This test signal has several disadvantages:

The signal energy is distributed over the whole frequency band and has low energy in the low frequency region as well as in higher frequency region thus reducing dynamic range dramatically. In order to get reproducible results excessive averaging time is necessary. 

Multisine signal:

According to ITU-T P.501 deterministic signals can also be used as test signals which are normally generated as equally spaced multifrequency signals. The disadvantage of this signal is the non uniform energy distribution. If the frequency spacing is low enough to give sufficient frequency resolution at the lower frequency end the energy is distributed over many unnecessary signal lines.

Logarithmic spaced multisine signal:

A better choice is to select only signal lines at the measuring frequency points. This leads to a logarithmically spaced multifrequency signal with one signal line for each 1/12th octave center frequency resp. each 1/3rd octave center frequency for echo loss measurement. The advantage of those signals is the optimum signal to noise ratio compared with any other multifrequency signal and a theoretically and practically flat response over frequency so the result of the 1/12th octave analysis gives immediately the frequency response of the device under test and no additional input spectrum measurement is needed.

The following graphs show the result of a 1/12th octave analysis and the spectrum for different test signals. All signals are levelled to a peak value of 1V.

Artificial speech according to ITU-T P.50 male:

1/12th octave
FFT
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Multisine signal linear spaced 5.8 Hz:

1/12th octave
FFT

[image: image3.png]GEN RUNNING 24
ANL 1:TERM 2: OFF

4BY  RMSCFFT) CHL, s GEN FREQ Mz SUP OFF
o T1Z ot maltisine 1in 7Y
-5
1o

100 200 300 500 700 1k 2k 3k 4k

Aor 28 2000 Fri 09:28:17





 [image: image4.png]GEN RUNNING 24
ANL 1:TERM 2: OFF
aBu FFT__ CH1, s FREQUENCYHz  SWP OFF

Fultisine 5.6Hz peak-10 CF-8.7dB &

100 200 o 700 1k 2k 3k 4k

Aor 28 2000 Fri 09:14:25





Multisine signal logarithmic spaced according to 1/12th octave mid frequencies:

1/12th octave
FFT
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4. Test results

Typical results of receiving frequency response measurements using artificial speech and logarithmic multisine are shown in the following graphs:

Note: for all frequency response graphs the dotted line is the frequency response measured via DAI interface. The solid line is the result measured in 1/12th octave intervals but drawn as a curve.

Artificial speech ITU-T P.50 male:
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The lack of signal energy leads to the wrong response below 150 Hz and to the differences in response in the frequency range above 2 kHz. The averaging time was about 50 s, less averaging time leads to unstable results.

Logarithmic spaced multisine signal:
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The frequency response measured with this multisine signal is very stable and needs less than 1/4th of the measurement time compared with the speech measurement. The response has some reproducible discrete peaks maybe due to shift of energy distribution in the coded signal. To overcome this energy peaking ITU-T P.501 allows the use of an additional frequency modulation of the complete signal, the effect is an averaging of the measured power in neighboured bins of the 1/12th octave analysis. The same effect can be simply reached by a smoothing procedure of the measured result which also leads to an better balance of power distribution of the result bins. 

The following curve is the same measurement but smoothed with an sliding average over 3 adjacent bins.
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5.  Measurements with modulated test signals

The artificial speech ITU-T P.50 is an amplitude modulated signal and will thus activate any possible voice activity detector in the signal path whereas multisine signals basically have a constant signal amplitude versus time which might be detected as background signal by any speech detection circuit. In order to simulate a real speech behaviour ITU-T P.501 also allows a amplitude modulation of the complete test signal. The typical modulation frequency range of human speech is in the range of about 1 Hz to 10 Hz with an modulation depth of up to 100 %. Therefore in similar tests well known from digital hearing aids a modulation frequency of 4 Hz was chosen for measurements with activated speech recognition circuits.

Testing a standard mobile phone with a steady state or an modulated multisine signal gives no significant difference in response. But for future designs if any voice activity detector might be implemented the proposal is to use the logarithmic spaced multisine signal with an amplitude modulation of about 4 Hz and an modulation depth of 100 %. This signal is well suited for fast and reliable measurement results combined with realistic excitation of the speech codec.

Response with amplitude modulated logarithmic multisine signal:

[image: image10.png]Lin(a)

aBr

HOLD

RS

CH us

GEN FREQ

23

Ctrl D to resung dBr

200

300

500

700 1k

2k 3k 4k Hz

Aor 27 2000 Thu 14:35:39





6. Echo loss measurement

The echo loss measurement with artificial speech does not give enough dynamic range for the necessary verdict value of 46 dB, see also Tdoc S4/SMG11 (00)0146 and Tdoc SMG11 309/99 and Tdoc SMG11-SQ 26/98.

The same considerations for the test signals are also valid for echo loss measurement but in this case the analysis is done in 1/3rd octave bands so the optimum signal is a logarithmic spaced multifrequency signal with one signal line for each 1/3rd octave mid frequency.

1/3rd octave spectrum  (1 V signal peak amplitude)

artificial speech ITU-T P.50 male
log. multisine 17 frequencies
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The constant power distribution over frequency leads to an improvement of dynamic range for echo loss measurement of more than 10 dB, see also S4/SMG11 Tdoc  202/00

7. Conclusion

For the measurement of frequency response or echo loss via air interface a logarithmically spaced multisine signal gives optimum signal to noise ratio and dynamic range. Those signals are easy to generate and can be amplitude modulated to activate any possible speech recognition circuit. The measurement speed achievable with those signals is much higher than the measurement with artificial speech and the measurement results are much closer to the reference measurements via DAI interface.
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