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Introduction

Nokia has initiated discussion for specifying interpolation and decimation blocks to AMR-WB encoder and decoder respectively in order to have interface for narrowband signals. Those blocks are already present in the Figure 1 " Overview of audio processing functions" of the TS 26.171 ("AMR Wideband Speech Codec; General Description"). Interface for the narrowband signals is needed in the transcoder, where narrowband PCM signal must be generated for TFO operations and for tandeming with narrowband codecs.

The main question is whether the filtering operation of those interpolation/decimation modules should be made bit-exact (normative) or left open for manufacturers (informative). Nokia is open for both options.

In the last S4 meeting in Tokyo, Nokia presented the contribution S4-010662 ("Interpolation/decimation filter for AMR-WB codec to have interface for narrowband signals") where 8th order elliptic IIR filter was proposed. In the last week (week 6, 2002), Nokia sent into S4 reflector standalone C-code for the interpolation/ decimation functions utilising the proposed filtering. We also sent the modified C-code for TS 26.173 ("ANSI-C code for the Adaptive Multi Rate (AMR) Wideband speech codec") where the interpolation/decimation functionality is integrated into AMR-WB codec.

The contribution S4-010662 in the Tokyo meeting already specified the filter, but this contribution adds figures for the measured magnitude response of the proposed filter. This is to convince that the implementation sent to reflector utilises needed computational accuracy and that the performance represented here can be achieved with the computational complexity that can be verified from the C-code sent to reflector).

Therefore, we propose that the filtering represented in this document will be used in the interpolation/ decimation functionality and that this functionality is added to AMR-WB codec as a normative or informative part of specification.

Properties of the proposed filter

We have performed expert listening with the proposed filter and we have came into conclusion that the filter characteristics of the interpolation filter is the most critical aspect and that around 50dB stop-band attenuation is needed to guarantee sufficient speech quality. The most simple filter still fulfilling the performance requirements is found to be the following 8th order elliptic IIR filter:

Filter properties
Filter A

Type
IIR

Order
8

End of pass band [Hz]
3400

Beginning of stop band [Hz]
4000

Pass band ripple [dB]
( 0.25

Stop band attenuation [dB]
( 50

Computational complexity [WMOPS]
( 0.87

Table 1: Properties of the proposed interpolation/decimation filter. 

Filter coefficients

i
A[i]
B[i]

0
1.0
0.02921813724924

1
-2.23994719746491
0.05301507637109

2
4.01742206281704
0.10865736016211

3
-4.34912274915945
0.13210786203976

4
3.64413180608075
0.13210786203976

5
-2.06223765335618
0.10865736016211

6
0.79753059140801
0.05301507637109

7
-0.16177998868086
0.02921813724924

Table 2: Coefficients for the proposed interpolation/decimation filter. 
Detailed characteristics of the proposed filters is given in the Annex A, in the following figures: 
1) Amplitude response.
2) Pass-band amplitude response.
3) Stop-band amplitude response.
4) Phase response.
5) Group delay.
6) Pass-band amplitude response (C-code implementation).
7) Stop-band amplitude response (C-code implementation).

Magnitude Response of C-code implementation of the proposed filter

Magnitude response of the proposed filter, calculated using the delivered C-code implementation, is given in Figure 6 and Figure 7 for pass-band and stop-band respectively. Magnitude response is calculated by filtering white noise with the C-code implementation of the proposed filter and then calculating spectrums of the input and output signals. Difference of those spectrums is then represented in the Figure 6 and Figure 7 as a magnitude response of the filter.

Summary

As Figure 6 and Figure 7 indicates, the C-code implementation of the proposed 8th order elliptic IIR filter follows very accurately the magnitude response of the theoretical response calculated from the filter coefficients (Figure 2 and Figure 3). This indicates that the filter realisation works as expected. 

This proposed filter enables to maintain the high quality of AMR-WB codec with narrow-band signals with reasonable computational complexity. 

Therefore, we propose that the filtering represented in this document will be used in the interpolation/ decimation functionality and that this functionality is added to AMR-WB codec as a normative or informative part of specification taking either of the following procedures:

1) a) Add the description of the proposed filter into TS 26.190 ("AMR Wideband speech codec; Transcoding functions") as an normative Annex A.
b) Make the necessary modification to TS 26.173 ("ANSI-C code for the Adaptive Multi Rate (AMR) Wideband speech codec") to add the interpolation/decimation functionality.
c) Add reference into TS 26.171 ("AMR Wideband Speech Codec; General Description") to indicate that the filtering is part of TS 26.190.

2) a) Add the description of the proposed filter into TS 26.190 ("AMR Wideband speech codec; Transcoding functions") as an informative Annex A.
b) Make the necessary modification to TS 26.173 ("ANSI-C code for the Adaptive Multi Rate (AMR) Wideband speech codec") to add the interpolation/decimation functionality.
c) Add reference into TS 26.171 ("AMR Wideband Speech Codec; General Description") to indicate that the filtering is part of TS 26.190.

ANNEX A

Characteristics of the proposed IIR filter.
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Figure 1: Amplitude response of the proposed IIR filter.
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Figure 2: Pass-band amplitude response of the proposed IIR filter and 
ITU-T G.712 requirements for attenuation/frequency distortion.
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Figure 3: Stop-band amplitude response of the proposed IIR filter.
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Figure 4: Phase response of the proposed IIR filter.
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Figure 5: Group delay of the proposed IIR filter and 
ITU-T G.712 requirements for group delay distortion.
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Figure 6: Pass-band amplitude response of the proposed IIR filter and 
ITU-T G.712 requirements for attenuation/frequency distortion.
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Figure 7: Stop-band amplitude response of the implemented IIR filter.

