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1 Introduction

This document reports the discussions and conclusions of the Rapporteur meeting held on 22 November 2002 regarding the complete set of receiving measurements being performed during the Round Robin Test on headsets .

The participants were the following:

Martin Rung:
GN Netcom

Allen Woo:
Plantronics

Hans Gierlich:
Head Acoustics

Gijs Dirks:
Bruel & Kjaer

Luc Madec:
Rapporteur of Q 5/12

2 Discussion on results

All the measurement results will be found in Annex A.

The discussion was based on a close investigation of the graphical data, consisting of 3 average curves and the relevant standard deviation curves:

–
Averaged frequency responses of headsets on humans, and limits

–
Averaged frequency responses of headsets on 3.3 type and standard deviation

–
Averaged frequency responses of headsets on 3.4 type and standard deviation

· The total amount of data for humans results from measurements on 13 headsets, each of them being measured 5 times on 46 different persons. 

For each measurements on humans we have:


X(n,p,h)

where


n= 1..5 (repetitions)


p=1..46 (persons)


h=1..13 (headsets)

The labs reported the average of the five repetitions for each headset and person:


Y(p,h) = Average(X(.,p,h)) = (1/5)*(X(1,p,h)+...+X(5,p,h)),      i.e. average over repetitions.

where


p=1..46 (persons)


h=1..13 (headsets)

The curves we have considered for this report are the average and standard deviation of Y for all persons:


Z(h) = Average(Y(.,h)),
i.e. average over persons.


Dz(h) = Standard_Deviation(Y(.,h)),
i.e. standard deviation over persons.

where


h=1..13 (headsets)

· The total amount of data for a specific HATS results from measurements on 13 headsets, each of them being measured 5 times by 4 to 6 different operators.

For each measurements on a specific type of artificial ear we have:


U(n,o,h)

where


n= 1..5 (repetitions)


o=1..4 or 1..6 (operators)


h=1..13 (headsets)

The labs reported the average of the five repetitions for each headset and operator:


V(o,h) = Average(U(.,o,h)) = (1/5)*(U(1,o,h)+...+X(5,o,h)),     i.e. average over repetitions.

where


o=1..4 or 1..6 (operators)


h=1..13 (headsets)

The curves we have considered for this report are the average and standard

deviation of V for all operators:


W(h) = Average(V(.,h)),
i.e. average over operators.


Dw(h) = Standard_Deviation(V(.,h)),
i.e. standard deviation over operators.

where


h=1..13 (headsets)

Insert-type headsets

(
Headset No 3:
–
The measurements show an almost 3dB constant shift between the 3.3 and the 3.4.
–
No clear explanation related to the intrinsic acoustic characteristics of the two ears can be found, since, on this type of headset inserted in the ear canal, the main influencing factor on the frequency response curve is the coupler, which is on both HATS complying with the same IEC 711 standard.
–
Some complementary measurements performed recently at B&K on two different insert- type headsets have shown that the frequency response curves on the 2 HATS were quite close. These curves may be seen in Annex B.
–
These previous facts reasonably lead to the conclusion that some errors were introduced during the measurements, possibly due to a defective connector, as identified during the first measurements and mentioned in the previous report, or/and a mechanical change of the headset.
–
Only a new set of measurements could clarify the exact level, but the inspection of the original human data at B&K on this headset show an average 12 dB shift compared to the other labs.
–
If we introduce this correction factor in the measurements, the average human curve then shifts by 3 dB upwards and all the curves almost line up.
–
Taking into account the previous correction factor, both average curves on 3.3 and 3.4 lie within the standard deviations derived from the human ear measurements.

(
Headset No 6:
–
The results for 3.3 and 3.4 are quite close from each other, but deviate from the average of humans below 1kHz.

–
Both curves lie inside the standard deviations derived from the human ear measurements above 600Hz and slightly outside below.

–
The standard deviation values are much bigger for humans than for measurements on HATS, particularly in the low-frequency part ( below 1kHz )

–
The headset seals more on HATS than on humans. Two reasons may be given to explain this fact:


The entrance to the ear canal is flared on humans whereas HATS ear canal has a straight cross-section.


Humans are reluctant to push the headset far enough inside the ear canal to make a perfect seal, for reasons of comfort.

2.1 Intra-concha headsets

(
Headset No 1:
–
The curves on both HATS and humans show good agreement.

–
The results on HATS lie within the standard deviations derived from the human ear measurements.

(
Headset No 2:
–
The results on 3.3 lie within the standard deviations derived from the human ear measurements but close to the lower limit.

–
The results on 3.4 lie outside the standard deviations derived from the human ear measurements.

–
The standard deviation on both HATS is lower than on humans, particularly below 2kHz.

–
This is due to the particular design of the headset leading to a rather unusual way of positioning the receiver. 

–
Headset 2 is a very special case of intra-concha headset. Its receiver is 90 degrees off from normal headset receivers and facing towards the tragus instead of ear canal entrance.

(
Headset No 9:


Same comments as for headset No 1
2.2 Supra-concha and supra aural headsets

(
Headset 4:
–
The results on both HATS lie within the standard deviations derived from the human ear measurements.

–
The curves on both HATS show a pretty good agreement up to 2kHz.

–
In the 2-4 kHz region, the curves on 3.3 and 3.4 show a different behaviour. This difference will be seen systematically on all supra-concha headsets and, as was shown in previous contributions from Bruel & Kjaer to ITU-T and IEEE, it results from a different impedance between the two ears, this effect being possibly emphasised by a resonance shift on some headsets due to a different low-frequency behaviour related to leak issues.

(
Headset 5:

Same conclusions as for headset 4

(
Headset 7A CC:
–
The 3.3 curve lies inside the standard deviations derived from the human ear measurements and is close to the average curve.

–
The 3.4 slightly lies outside the standard deviations derived from the human ear measurements in the 2 kHz region.

–
The shape of the 3.4 curve is impacted by acoustical impedance considerations already mentioned before and by a slightly too high a seal when compared to humans.

(
Headset 7A OC:
–
The 3.3 curve fits quite well the human average curve and lies well inside the standard deviations derived from the human ear measurements.

–
The 3.4 curve lies outside the standard deviations derived from the human ear measurements.

(
Headset 7B CC:
–
The 3.3 average fits quite well the human curve and lies well inside the standard deviations derived from the human ear measurements.

–
The 3.4 average lies outside the standard deviations derived from the human ear measurements, showing an overestimation of the seal compared to humans.

(
Headset 7B OC:


Same conclusions as for 7A OC

(
Headset 8:
–
The 3.3 curve lies inside the standard deviations derived from the human ear measurements.

–
The 3.4 curve lies outside the standard deviations derived from the human ear measurements

–
in the 2.5 kHz region.

–
The shape of the 3.4 curve is impacted by acoustical impedance considerations already mentioned before and by too high a seal when compared to humans.
(
Headset 10:
–
The 3.3 and 3.4 curves fit perfectly inside the limits of the standard deviations derived from the human ear measurements and are very close from the average curve.

Apart from the discussion regarding the frequency response curves, Martin Rung provided the whole group with some very interesting additional information about Loudness Rating calculations.

Loudness Rating calculations were performed at GN for each headset on both HATS and humans, and also using other types of artificial ears: type 1, 2, 3.1, 3.2 low and high leak.

The results are shown in Annex C.

From these results, it can be clearly established that the loudness ratings (RLR) calculated from the frequency responses are on both the 3.3- and 3.4-ear simulator much closer to the loudness calculated on the human average than any other recommended state-of the art ear simulator.

3 Sidetone Measurements

A short discussion took place during the meeting related to the microphone positioning for side tone measurements and other related parameters such as D-factor.

Hans Gierlich noticed that the measurement of these parameters on headsets leads to some difficulties due to the usual low acoustic impedance of the receivers and the leak. However, these difficulties also apply for most of the modern mobile handsets and are not exclusively related to headsets.

So, independently from the choice of specific test signals and post processing which can be required to accurately measure the above mentioned parameters, it was agreed that this recommendation should deal with these aspects in its most basic form.

Everybody agreed that it is logical and at the same time the simplest solution to position the headset once and to perform all the measurements using this single positioning (receive, send and the subsequent side tone). This also is the only possible method to measure the side tone directly.

Allen Woo noticed that in some particular cases, this would result in positioning the microphone in a position which is not the one intended by the manufacturer. On the other hand - with the trend being more and more complex shaped headsets with microphones positioned behind the lip plane - these cases would become more and more unusual.

The conclusion of the discussion was that the recommendation should provide the user with proper guidelines to position the headset in order to perform both receive, send and side tone measurements.

Conclusions

Based on the objective examination of the results obtained during the Round Robin Test, some conclusions were drawn which will constitute a strong basement for building the ITU-T P.380 recommendation.

The conclusions, regarding the Rx experiment, are the following:

(
In 12 cases out of 13, the 3.3 ear simulator has proven to provide frequency response curves lying within the standard deviations derived from the human ear measurements.

(
In 6 cases out of 13, the 3.4 ear simulator has proven to provide frequency response curves lying within the standard deviations derived from the human ear measurements.

(
The case for which both the 3.3 and the 3.4 do not provide results close to average human response is headset nr. 6. It should be then noticed in the standard that for this kind of insert-type headsets establishing a high seal to the ear canal entrance, both HATS could be expected to provide more seal than in real use, subsequently overestimating low frequency outputs of the headset below 1kHz. In this case, the leakage error would be close to the one resulting from the use of the currently recommended Type 2 ear simulator.

(
The main reasons for the 3.4 to be less accurate in the 6 remaining cases are related to the simplified geometry of the 3.4 ear simulator, introducing the following artefacts:

· At low frequencies ( below 1kHz ), the responses deviate from human average, due to the simplified flat earshell, which can not simulate the leakage like a real ear.

· At mid frequencies ( 1-3 kHz ) the frequency responses show an additional local minimum due to the acoustic impedance deviating from humans, this effect being possibly emphasised on some headsets by a different low-frequency behaviour related to leak issues.

(
A strong feeling inside the group exists that there is a need for a set of rules that define the applicability of HATS to measure specific types of headsets.

(
The loudness ratings (RLR) calculated from the frequency responses are on both on the 3.3- and 3.4-ear simulator much closer to the loudness calculated on the human average than any other recommended state-of the art ear simulator. 

4 ANNEXES

Annexe A:
Measurement results

Annexe B:
Complementary measurements on 2 insert-type headsets

Annexe C:
Loudness ratings calculations

ANNEX A

Measurement results
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Headset 2
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Headset 3
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Headset 5
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Headset 6
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Headset 10


ANNEX B

Complementary measurements on 2 insert-type headsets

Solid line : Insert-type headset 1

Dotted line : Insert-type headset 2

Red curves : measurements on 3.4

Green curves : measurements on 3.3
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ANNEX C

Loudness ratings calculations

The difference in RLR from the average human response to the HATS response (type 3.3 and type 3.4 respectively).
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And the same picture with other artificial ears included:
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___________________

�	The limits of the curves resulting from measurements on humans are defined as:


	The dB-average of the human responses +/- 1 standard deviation. In theory capturing approximately 68% of the total population used in these experiments, when assuming a normal (Gaussian) distribution of the measurement results.
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