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Q5/12 would like to inform 3GPP SA4, ETSI STQ and IEEE STIT about the result of a study of human mouth directivity – as documented in COM 12 – C 191 for the study period 2013-2016. The purpose of this study was to examine the sound pressure level in front of the lip plane of human subjects and determine the correlation between a commercially available HATS complying with ITU-T P.58. This is a topic that SG12 will continue to study. Especially the performance behind the lip plane is for further studies.
The study of human mouth directivity are shown below.
___________________


1. Description of the measurement method

Determining the directivity of the human mouth requires experimentation with subjects. Thus, it is important that the duration of recordings stays as short as possible so that subjects stay focused and that their physical position does not change between measurements. The entire test plan was built to make full experiment duration less than 1 hour (including subject incoming, test explanation and pre-test).

Principle of the measurement method 

To determine directivities, the experiment consists in measuring the acoustic level (frequency dependent) of subject voice at several points around his/her mouth. A line array of 24 microphones is used to record the voice of the subject simultaneously at different points. This array could be easily installed at different positions.
A reference microphone is used to determine speech level (also frequency dependent) at a distance of 50 mm from the lip ring. The position of this reference microphone is fixed and the distance from the subject mouth to this microphone is also maintained fixed during all measurements.
As shown in Figure 1, the reference microphone and the microphone array are each connected to an analyzer-recorder.
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Figure 1: Diagram showing the measurement chain. A reference microphone is placed at 50 mm from the subject mouth and a microphone array is sequentially positioned at different distances from the subject. Measurements are performed simultaneously with all microphones (reference and array) while sentences are pronounced by the subject. 

Figure 2 shows how the microphone array is moved to measure the voice of the subject at different points in space. Note that the reference microphone and the microphones in the array faced in opposite directions to enable measurements in the plane at 50 mm from the subject mouth. 
Note also that a pop filter is placed between mouth and microphones to reduce unwanted effects caused by plosives.
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Figure 2: Picture illustrating microphone array positioning during the experimentation. 


3 double sentences in French language have been specially selected for this study:
 « Trois bambins radieux signaleront ces établissements. Cette analyse s'est révélée fausse.
Vers trois heures, je retraverserai le salon. Vous avez une haute idée de l'intégrité.
Qu'est-ce que je vais devenir sans lui ? On l'installa dans une grande salle. »

These sentences have been chosen carefully to generate, as much as possible, energy in all speech frequency bandwidth. An example of power spectrum averaged over the 3 double sentences is presented in Figure 3.
[image: ]
Figure 3: Averaged power spectrum of an audio sample corresponding to a female speaker when she pronounces the 3 double sentences.


Reference coordinate system
As illustrated in Figure 4, for the identification of measurement points, we chose a reference coordinate system with its origin located at the mouth center (of the lip ring) of the subject. The X axis corresponds to the axis of the mouth and the Z axis corresponds to the vertical. In these conditions, the XY plane corresponds to the mouth plane parallel to the floor of the room.

[image: ]
Figure 4: Reference coordinate system chosen to define measurement points.


Measurement points
As for the previous study concerning mouth directivity of HATS, measurements with people was performed in the plane of the mouth (see Figure 5) that corresponds to Z = 0 mm.
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Figure 5:  Measurement plane corresponding to the mouth plane of the subject.

For the experimentation, it was decided to measure the mouth directivity only on a half plane in front of the mouth of the subject. Figure 6 shows the rectangular grid (with a mesh of 50 mm) where the measurement points are placed (blue circles). 
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Figure 6: Measurement points (blue circles on a 50 mm grid).

The measurements were performed in a rectangular plane having a size of 450 mm in X axis and 1000 mm in Y axis. This setting represents 210 measurement points, on a grid having a mesh of 50 mm.
By using a linear microphone array, only 10 recording sequences were needed to cover the rectangular area of 450 mm width and 1000 mm length.


Signal processing required extracting mouth directivities

The mouth directivity results that are presented in section 3 are obtained by the following steps: 
· Calculate frequency responses in third octave bands for all measurements points (blue circles in Figure 6). For each row of measurements (of the line array) the reference for the calculation of the frequency response is the acoustic signal recorded using the reference microphone (at 50 mm from the lip ring of the subject).
· Interpolate raw results in order to get better spatial resolution (1 mm step, cf. Figure 7 a); as explained above, raw measurements have been done every 50 mm on X and Y axis.
· Calculate subject mouth directivity as the iso-energy curve. This is the curve representing all distances from lip ring where spatial frequency responses have the same given value (Figure 7 b). For this study, we decided to extract and to present mouth directivities associated to -10 dB iso-energy curves. 
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	a. Spatial frequency response with 1 mm step at 1259 Hz.
	b. -10 dB iso-energy curve at 1259 Hz.



Figure 7: Result presentation: example of spatial frequency response and its corresponding iso-energy curve at 1259 Hz.

As an example, a set of spatial frequency responses in third octave bands is presented in Annex for subject 5 (female). 

Measurement context

This study has been conducted in the following conditions:
· Measurements were performed in a treated room (the same used for the determination of artificial mouth directivity of HATS).
· 16 subjects (8 males and 8 females) were requested to conduct the study. These subjects were between 22 and 51 years old. All subjects speak French, but 5 of them come from another country as France and were not native speakers. 
· Each subject had to pronounce 3 double sentences in French language. These sentences have been carefully selected to generate enough energy in all speech frequency bandwidth (particularly high frequencies).
· Positioning of the microphones relatively to the subject was made using two alignment lasers and a marking on the floor.
· A test sequence was conducted with each subject to help him with the pronunciation of sentences and to check all the measurement chain.






2. Results 

Iso-energy curves 
The graphs below show the directivities associated to the 16 subjects who participated in the experiment. Results are separated into two parts. The left column shows the directivities of the female subjects (subject1 to subject 8) and the right column shows the directivities of the male subjects (subject 9 to subject 16).
Results are presented in third octave bands from 100 Hz to 15 849 Hz, except for female subjects where the first frequency is 126 Hz.

	Female directivities 


	Male directivities
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	Female directivities 


	Male directivities
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Female directivities 


	
Male directivities
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Male directivities
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Male directivities
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Male directivities
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Average directivity curves 
The graphs below present the average directivity curve (in red) as well as +/- one standard deviation for each sub-frequency band (in dashed blue). 
Average curves are calculated separately for female and male subjects. So, the left column shows average directivity curves (as well as +/- one standard deviation) of female subjects and the right column shows average directivity curves (as well as +/- one standard deviation) of male subjects.



	Average directivity of female subjects 
	Average directivity of male subjects
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Comparisons
The graphs below present for each sub-frequency band, 3 types of curves corresponding to:
· directivity curves of Brüel & Kjær HATS (in orange),
· average directivity curves of female subjects (in green),
· average directivity curves of male subjects (in pink).

Note that the directivity curves of the HATS were determined by using the same experimental methodology as for the subjects. The 3 double sentences pronounced by the HATS in French language correspond to the recording of a woman.
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Annex
This annex shows spatial frequency responses obtained from subject 5 (female). These results are presented in third octave bands from 126 Hz to 15849 Hz.
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