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1 Introduction
This contribution discusses the potential usage of the Signal to Noise Ratio Improvement measure (SNRI) described in ITU-T G.160 Appendix II and revised in ITU-T G.160 Amendment 1, [1]

 REF _Ref276647928 \r \h 
[2].

It has been reported (e.g. [3]) that the SNRI  measure of ITU-T G.160 may produce results that are not reflecting the performance of the system under test for many real-world signals. 
Performing a theoretical study of the proposed measure shows that a significant bias may be introduced in the method, if the SNRI is interpreted as the noise reduction that is achieved by the system under test, 
2 Analysis of the SNRI expression 
The test signal for the SNRI measure is a signal composed of speech
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This signal is processed by a noise reduction system (included in the user equipment) to produce a noise reduced signal 
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The proposed method in ITU-T G.160 AMD1 computes the SNRI as the average of the SNRI in three segments of the speech samples, based on the power of the original speech signal 
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where the notation 
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 is used to denote the samples in frames classified as belonging to the corresponding “speech level class” and the “speech pause class”, respectively, and 
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 denotes the frame length used in the computation (80 samples for 8 kHz sample rate).
For the purpose of the analysis, assume that the speech
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samples are independent and identically distributed random variables with the following Gaussian distribution 
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where 
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 denotes the samples in frames classified as belonging to the “high speech level class” and the “speech pause class”, respectively, and 
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 denotes the frame length used in the computation (80 samples for 8 kHz sample rate). For the purpose of the exposition, it is assumed that 
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only has speech frames as classified belonging to either of the highest “speech level class” or the “speech pause class”.
Further, assume that 
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where the factor 
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can be seen as representing an “ideal noise reduction” with 
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With the assumptions of a stationary background noise, 
[image: image29.wmf]2

2

,

n

sph

n

s

s

=

, the expected value of the linear domain representation of the SNRI equals (see Section 3 for more details)

[image: image30.wmf]÷

÷

ø

ö

ç

ç

è

æ

+

-

-

×

=

2

,

2

2

2

2

10

/

SNRI

1

1

1

1

10

nse

s

n

s

s

g

g

g


Thus, under the signal assumptions presented, the estimate of the SNRI includes a bias compared to its intuitive value 
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 . The significance of this bias term is dependent on both the noise reduction, the noise level, and the level of any remaining speech in the frames classified as “speech pause class”.

For the case of a non-stationary noise, i.e. 
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, the corresponding bias term will also be dependent on the difference of noise level during “high speech level class” and the “speech pause class”, as expressed in Section 3.
3 Discussion
In Amendment 1 of ITU-T G.160, the region for the “speech pause class” has been extended compared to the original ITU-T G.160 text. Originally, the “speech pause class” was defined as the frames for which the frame energy was between -25 and -40 dB below the active speech level. In the amendment, this has been revised to be at most 400 ms of speech following the time when the speech drops more than -25 dB below the active level. 
In any of these cases, the frames classified as “speech pause” may contain speech with a level of up to -25 dB below the noise level. Hence, denoting the signal-to-noise ratio of the original signal, 
[image: image33.wmf])

(

t

d

, by SNR  (in the example in this contribution defined as 
[image: image34.wmf]2

2

n

s

s

s

), it follows that the tern 
[image: image35.wmf]2

,

2

nse

s

n

s

s

in the expression for the bias in the SNRI may be up to 
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In general terms, the SNRI may be 
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where 
[image: image38.wmf]thr

 is the relative level of the speech in the “speech pause” region, 
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Figure 1 displays an example of the theoretical SNRI as a function of noise reduction (
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. From the diagram it can be seen that the bias introduced in the estimation of the SNRI as a measure of the noise reduction performed by the system may be significant for certain combinations of signal levels and noise reduction. 
[image: image43.emf]0 5 10 15 20 25

0

5

10

15

20

25

Ideal noise reduction [dB]

SNRI [dB]

Evaluation of SNRI as function of noise reduction, threshold, and SNR

 

 

-25dB, 12dB

-35dB, 12dB

-45dB, 12dB

-25dB, 22dB

-35dB, 22dB

-45dB, 22dB


Figure 1: Example of SNRI as a function of noise reduction, relative speech level, and SNR. SNR 12 dB and 22 dB, relative speech level in “speech pause” -25dB, -35 dB, and -45 dB.
4 Conclusion and proposal

A theoretical analysis of the expression for the SNRI proposed in ITU-T G.160 Amendment 1 shows that the measured values may differ significantly from the noise reduction provided by the system under test. 
Although the analysis is based on a simplified signal model, it shows that the deviation of the measured values is dependent on the actual data used for the analysis as well as the characteristics of the noise reduction under test. This has also been reported in studies with speech signals, [3]. 
Due to this strong signal and system dependency of the method, it is considered that the SNRI as proposed in ITU-T G.160 Amendment 1 is not suitable for measuring the Ambient Noise Rejection in 3GPP TS 26.131. 
5 Appendix: Detailed calculations

The expressions in the numerator and denominator of the SNR measures can be reformulated as 
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The linear domain representation of the respective terms in SNRI can thus be expressed as
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where 
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 and 
[image: image48.wmf]nse

K

 are the number of frames with samples classified as belonging to the “high speech level class” and the “speech pause class”, respectively.

The data in the sets 
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 are non-overlapping, and under the signal assumptions given in Section 2, the expected value of the individual terms in the expressions above evaluates to
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for the noise reduction processed signal, and
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for the input signal. 
The expected value of the SNR improvement can then be expressed as


[image: image55.wmf](

)

÷

÷

ø

ö

ç

ç

è

æ

+

-

-

+

÷

÷

ø

ö

ç

ç

è

æ

×

+

×

-

-

×

+

=

÷

÷

ø

ö

ç

ç

è

æ

-

+

+

÷

÷

ø

ö

ç

ç

è

æ

-

×

+

×

+

=

=

=

-

2

2

,

2

2

,

2

,

2

2

2

2

,

2

2

2

,

2

,

2

2

2

2

,

2

,

2

2

2

2

,

2

,

2

2

10

/

SNR

10

/

SNR

10

/

SNR

SNR

10

/

SNRI

1

1

10

10

10

10

in

out

in

out

n

nse

s

n

nse

s

sph

n

s

n

nse

s

n

nse

s

sph

n

s

n

nse

s

sph

n

s

n

nse

s

sph

n

s

s

s

s

s

s

s

s

g

s

s

g

s

s

g

s

s

s

s

s

s

g

s

s

g

s


With the assumptions of a stationary background noise, 
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