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Background
In Release 11 of TS26.132, new methods for evaluation of echo control characteristics were introduced, Clauses 7.11 and 8.11.  However, corresponding requirements were not defined in TS26.131.  At SA4#72, a new Study Item “Study of Enhanced Acoustic Test Specifications (SEATS)” was agreed [1].  Among the potential items discussed was work toward the development of requirements for the newly introduced test method for echo control characteristics.

In [2], the source proposed following the guidance in P.381 [3] and using third-party listening tests as a method of evaluating the subjective impressions of the echo control characteristics.
This contribution reports on subjective evaluation of real speech double talk test, for 12 devices, in both handset and handheld speakerphone for narrow band.
Methods

The categories defined in Clauses 7.11, Figure 17b5, (copied below for convenience) and Table 2c, and 8.11, Figure 19b5, and Table 2g, are described in perceptually-relevant terms.
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Figure 17b5: Classification of echo canceller performance

Table 2c: Categories for echo canceller performance classification

	Category
	Level difference (ΔL)
	Duration (D)
	Description

	A1
	-4 dB ≤ ΔL < 4 dB
	
	Full-duplex and full transparency

	A2
	-15 dB ≤ ΔL < -4 dB
	
	Full-duplex with level loss in Tx

	B
	ΔL < -15 dB
	D < 25 ms
	Very short clipping

	C
	ΔL < -15 dB
	25 ms ≤ D < 150 ms
	Short clipping resulting in loss of syllables

	D
	ΔL < -15 dB
	D ≥ 150 ms
	Clipping resulting in loss of words

	E
	ΔL ≥ 4 dB
	D < 25 ms
	Very short residual echo

	F
	ΔL ≥ 4 dB
	25 ms ≤ D < 150 ms
	Echo bursts

	G
	ΔL ≥ 4 dB
	D ≥ 150 ms
	Continuous echo


Rating scales

The impairments in categories A2, B, C, and D can be understood as distortions of the uplink speech.  In contrast, the impairments in categories E, G, and G can be understood as intrusions of residual or continuous echo.  Based on these observations, the rating scales of P.835 [4], SIG, BAK, and OVRL, as shown in Figures below, were adopted for this listening evaluation.
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Figure 1 (Figure 5/P.835), Speech signal rating scale
[image: image3.emf]
Figure 2 (Figure 6/P.835) Background rating scale

[image: image4.emf]
Figure 3 (Figure 7/P.835) Overall quality rating scale
It was anticipated that the impairments in categories A2, B, C, and D, would be related to ratings on the SIG (speech distortion) scale, and that impairments in categories E, F, and G would be related to the ratings on the BAK background intrusiveness scale.

Reference signals
For the SIG dimension, the Wiener-filter based reference system proposed in [5] and used in [6] was used.  While this reference system has been primarily used as a reference for noise suppression, as many echo control systems provide echo suppression using a multi-band attenuation mechanism, it seems reasonable to use that reference system in this context.  Expert listening to the reference system and the distortions introduced by the devices exhibiting higher levels of impairments in the A2, B, C, and D categories indicated qualitatively similar perceptions.
Speech source
The speech source used is Segment 1 (four sentences) of the current double talk test.  This includes two male and two female talkers.  While this is rather limited in comparison to some subjective tests, the exact signal and conditions of 7.11 are used to facilitate direct comparisons with the objective measures.
Results

For the BAK dimension, recordings of echo were made on a device with the ability to disable the AEC system.  Receive levels were adjusted to yield a range of echo levels.  To construct the BAK references, the speech and echo signals were mixed at a range of Speech to Echo Ratios (SER).   Results for the reference signals are shown in Figures 4, 5, and 6.  The error bars indicated 95th percentile confidence intervals, based on 26 participants.
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Figure 4 Speech distortion varies, no echo
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Figure 5 SER varies, no speech distortion
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Figure 6 Speech distortion and SER vary

From Figures 4, 5, and 6, it can be seen that the selected reference systems result in listeners’ using the full range of the scales, with good separation of the SIG and BAK scales for the NS and SER references respectively.
Results for test conditions, Handset mode
Figures 7, 8 and 9 show the ratings for 12 devices in handset, SIG, BAK, and OVRL, respectively.  The error bars show 95% confidence intervals.  Blue bars show single-talk (no echo) while red bars show ratings for double-talk (with echo.  The test conditions are as defined in Clause 7.11.

[image: image8]
Figure 7 SIG ratings for Handset mode

The SIG ratings for all devices in ST are uniformly high, as might be expected.  A few devices, I and K, show significant SIG degradations in double talk.

[image: image9] Figure 8 BAK ratings for Handset mode

The BAK ratings for all devices in ST are also uniformly high (except possibly device B).  A few devices, G and L, show significant BAK degradations in double talk.


[image: image10]
Figure 9 OVRL ratings for Handset mode
The OVRL ratings for all devices in ST are also uniformly high.  A few devices, G, I, K, and L, show significant OVRL degradations in double talk, consistent with the results in Figures 7 and 8.

Results for test conditions, Handheld speakerphone mode

Figures 10, 11 and 12 show the ratings for 12 devices in handheld speakerphone, SIG, BAK, and OVRL, respectively.  The error bars show 95% confidence intervals.  Blue bars show single-talk (no echo) while red bars show ratings for double-talk (with echo.  The test conditions are as defined in Clause 7.11.


[image: image11]
Figure 10 SIG ratings for Handheld Speakerphone mode
The SIG ratings for all devices in ST are generally high with the possible exception of devices B, G, and I. As might be expected, the SIG results in doubletalk for handheld speakerphone mode show substantial impairments, with a relatively large range from 3.0 (device A) to nearly 1.0 (Device G).

[image: image12]
Figure 11 BAK ratings for Handheld Speakerphone mode
The BAK ratings for all devices in ST are show some reduction over handset mode, with more devices showing performance below 4.0 (devices A, B, and I.  For double talk, the BAK results are fairly consistent, above 3.0, with the exception of relatively poor performance of device H and relatively good performance of device J.


[image: image13]
Figure 12 OVRL ratings for Handheld Speakerphone mode
The OVRL ratings for all devices in ST are show some reduction over handset mode, with more devices showing performance below 4.0 (devices A, B, G, and I).  The OVRL results for double talk have more variability, driven primarily by the large variation in SIG scores.

Discussion & Proposal

These results seem reasonable in terms of characteristics of the response patterns for the reference signals and for the test signals, when considering the expected differences between handset and handheld speakerphone.

The source proposes that these results be incorporated into the SEATS TR, and will be augmented with comparison of the objective metrics of Clause 7.11, pending some expected changes.
References

[1] S4-130271 New Study Item “Study of Enhanced Acoustic Test Specifications (SEATS). SA4#72, Valencia, ES.

[2] S4-130440, On doubletalk requirements (SEATS), SA4#73, Qingdao, PRC.

[3] Recommendation ITU-T P.831 Subjective methods for evaluation of echo cancellers.
[4] Recommendation ITU-T P.835 Subjective test methodology for evaluating speech communication systems that include noise suppression algorithm.

[5] AH-11-029 Better Reference System for the P.835 SIG Rating Scale, Dynastat, Inc., and Audience, Inc. Q.7/12 Rapporteur’s meeting, 20-12 June 2011, Geneva, CH.
[6]  S4-120621, EATS-3 Common subjective testing framework for validation of P.835 test predictors, Editor, SA4#68, Erlangen, DE.


Page: 1/8


Page: 8/8

[image: image1.emf]Level  difference   [dB]  

Duration  [ms]  

4  

- 4  

- 15  

25  

25  

150  

150  

A1  

A2  

C   B   D  

E   F   G  

 

[image: image14.png]OVRL

5.0

F

G
Device

B HHS-ST
@ HHS-DT




[image: image15.png]B HHS-ST

@ HHS-DT

vd

Device




[image: image16.png]SIG

F

G
Device

BHHS-ST
@ HHS-DT




[image: image17.png]@HS-ST

@HS-DT

Device




[image: image18.png]B HS-ST

@HS-DT

vd

Device




_1451211894.doc


[image: image1.emf]Level  difference   [dB]  


Duration  [ms]  


4  


- 4  


- 15  


25  


25  


150  


150  


A1  


A2  


C   B   D  


E   F   G  




_1402827703.doc





 SHAPE  \* MERGEFORMAT 


[image: image1]


Level difference









Level difference�[dB]









Duration [ms]









4









-4









-15









25









25









150









150









A1









A2









C









B









D









E









F









F









E









D









B









C









A2









A1









150









150









25









25









-15









-4









4









Duration [ms]









Level difference�[dB]









G

















