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1 - The STI method
STI is the acronym of “Speech Transmission Index”, it’s defined as an estimate of speech intelligibility, and it’s standardized in IEC 60268/16.
Intelligibility means capacity of a receiver to listen correctly phrases and words pronounced by a source.
The index does not define directly intelligibility, but a low value defines a loss of information necessary to understanding speech correctly.
Intelligibility is a fundamental factor to evaluate the quality of communication inside a room or through telephonic equipment.
Many factors that influence intelligibility do exist:
· If the speaker's voice comes through an electro-acoustic system, there are factors that can affect intelligibility (for examples frequency response and distortion of the system). 
· The acoustic characteristics of the environment are the reverberation (or reflections), the presence of background noise, the echoes, etc.
We will study the two most significant factors: background noise and reverberation.

The STI method is based on the MTF concept, which defines how much the modulation of a carrier signal (one-octave-band-filtered noise) is reduced when such a test signal passes through the system under test.
The MTF factor is defined as the ratio of the carrier’s modulation at the receiver (ex. 50%) and the carrier’s modulation at the source (ex. 100%).

The carrier signal is pink noise filtered in one octave band. The measurement is repeated for 7 octave bands (125 Hz to 8 kHz). We call f the center frequency of the carrier.
The modulation is applied as a periodic variation of the carrier’s intensity between 0 and the maximum value (hence, initially, the modulation is at 100%). The modulation frequency is called F, and ranges between 0.63 Hz and 12.5 Hz.

Hence, we can measure a large number of MTF(f,F) values, given by all the possible combinations of f and F.
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Fig.1 – The initial modulation of the carrier is reduced by the propagation and by the environmental noise.
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Fig.2 – Sound propagation through an acoustic system reduces the carrier’s modulation.

Once the MTF value is found at every value of f and F, the values referring to each octave band are first averaged. Then, a weighted average of these “Band STI” values is performed, employing averaging factors depending on the gender of the talker (male or female).

The resulting “total” STI is defined as a number bounded between zero and one.
The maximum value is one (100%) and defines perfect intelligibility, the minimum value is zero (0%) and means that the modulation is not audible.
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Fig.3 – STI and CIS scale of values .

Another reference scale called CIS (Common Intelligibility Scale) exists, based on a mathematical relation with STI: 
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2 - MTF from impulse Response
The IEC standard defines a method to measure STI values.

The test signal has spectral characteristics and directivity similar to the human voice.
f defines the octave bands (7 bands between 125Hz and 8kHz), while F defines the modulation frequency, where the human mouth opens and closes (between 0.63 Hz and 12.5 Hz).
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Fig.4 – MTF test signal.
The MTF matrix can be computed by a single impulse response (IR).
MTF(f,F) is defined by the combination of two factors: reverberation (first factor) and signal/noise ratio (second factor).
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Shroeder’s equation computes the first factor, related to reverberation, called m’(F) (the calculation is based on the octave-band filtered impulse response hf).
The loudness and duration of the reverberant tail decrease the value of STI. However, for a given reverberation time, its effect will be worst at higher modulation frequency F, hence it is usual to see the value of MTF(f,F) to decrease with F.
At high frequency usually the S/N ratio is better than at low frequency, hence typically MTF(f,) increases with f. The second factor of equation (2) does not depend on the modulation frequency F, so, if the low value of MTF is caused by a S/N ratio problem, the MTF curve is NOT decreasing with F, as it happens instead when the reverberation is the limiting factor to intelligibility.
Hence, the experienced acoustician immediately understands, looking at the table or chart of MTF(f,F), if the intelligibility problems are caused by excessive reverberation or excessive noise (or both).

The male voice has more energy at low frequency, the female voice instead has more energy at high frequency, in fact usually the female voice is more audible than the male one, as it profits of better S/N ratio at high frequency.
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Fig.5 – m(F) matrix, m(F) average values for octave bands and total STI values for male and female voices.

[image: image8]
Fig.6 – Post processing of impulse response.
STI requires to measure MTF(f,f9 on seven octave bands and 14 modulation frequencies, RaSTI (Rapid STI) is measured at just two octave bands (500Hz and 2kHz) and with a smaller number of modulation frequencies.
Nowadays the technology is able to compute in the same time the complete MTF matrix, and the full STI – so the use of RaSTI is now obsolete, such as other “rapid” versions of ST, named STIpa and STItel – it is always preferable to measure the full STI, as the measurement time is indeed always the same..

3 – Transducers: mouth simulator
A mouth simulator has characteristics in level and directivity similar to those of a real human talker

.
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Fig.7 – Simulators build inside a wooden head (employing low-cost parts) and in (expensive) plastic head.
The validity of the mouth simulator is confirmed by a means of anechoic directivity tests.
Mouth simulator’s spectrum can be adjusted to become perfectly equal to the standardized human voice spectrum, but the directivity is always slightly different.
The spectrum of emitted test signal should correspond to the ITU T-P50 standard.

The overall SPL should be 60 dB(A) at 1m, on axis, for measurements compliant with IEC 60268-16 standard.
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Fig.9 – directivity (up real, down simulator, blue line ITU limits).
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 Fig.10 – target spectrum according to ITU P50.
The equalization of the simulator is easily operated by means of the graphic equalizer included in Adobe Audition.

[image: image12]
Fig.11 – Graphic equalizer.
The test signal is prefiltered, so that the frequency response measured at 1m in front of the mouth, complies with the IEC spectrum (or, better, with the ITU P50 standard, which specifies values in 1/3 octave bands).
The measured IR is saved as a WAV file.
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Fig.12 – MLSSA calculates MTF for “no noise” (up) and “noise” (down).
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Fig.13 – Equation (2) has high accuracy because differences of real and simulated MTF are minimal.
.
4 – Noise-free IR Method (Aurora Plugins)
 “Aurora Plugins Suite” can be used for a complete STI measurement, requiring four steps, as follows:
4.1 - Calibration

The calibrator is fitted over the microphone and a 1-minute recording of the 1kHz test signal at 94 dB is done.
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Fig.14 –microphone calibration.
The STI plugin is invoked, forcing the Leq value to be 94 dB at 1 kHz. Later on, the Full Scale value will be left untouched, so that the microphone is now calibrated in absolute SPL.
4.2 - Background Noise spectrum
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Fig.15 – Record background noise and store it as noise.

4.3 - Signal spectrum
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Fig.16 – Record the pre-equalized wide-band noise (voice spectrum calibrated at 1m) and store it as signal plus noise.
4.4 - Impulse Response (noise-free, ESS method)
Now, a standard I measurement is performed, generating the ESS signal, playing it through the mouth simulator, recording the system response at the microphone, and finally performing deconvolution (convolution with the inverse sweep). The resulting IR is stored in a WAV file, usually normalized to full scale (as the absolute SPL of a noise-free IR is meaningless)

From this IR, the Aurora STI plugin computes the MTF values for every frequency, also taking optionally into account the S/N ratio.
The MTF values are also weighting averaged, to compute male and female STI (the weightings are different).
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Fig.17 – Aurora processes the IR, “Noise” and “Signal” to compute MTF averaged coefficients and male and female STI. The plugin also computes RaSTI, STItel and STIpa
The nice thing of this approach is the possibility to evaluate “what happens if” – for example, if the voice is raised by +10dB (a specific check box is available for this).
Or, by processing the IR, it is possible to simulate a room treatment which reduces the reverberation time, or to suppress a single discrete echo.
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