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Introduction

Nokia has initiated discussion on the reflector 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 represented in the Figure 1 " Overview of audio processing functions" of the specification 26.171 "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 or left open for manufacturers. Nokia supports the procedure of bit-exact specification and delivering C-code for all the blocks (filtering, 1:2 up-sampling and 2:1 down-sampling). There was some discussion on the reflector about the filtering. The main concern was what type of filter should be used to guarantee desired quality and to avoid long delay.

The purpose of this document is to give some concrete examples for the filter and hence continue the discussion of this subject to get this work finalised.

Filter type

It was proposed in the reflector to IIR type filter instead of FIR type filter in order to introduce less delay to the signal with the same steepness of the amplitude response. However, the implementation of IIR type filter needs in practice the usage of 32-bit arithmetic and hence highly increases the complexity of the implementation. Therefore, we propose to usage of minimum phase FIR filter, which can be designed to have very short delay and can be implemented using single precision (16-bit) arithmetic to keep the complexity reasonable.

Examples for the interpolation/decimation filter

We have introduced four different interpolation/decimation filters as examples. Difference between those filters lies in filter order/complexity and in steepness. Following table summarises the critical parameters of the filters:

Filter properties
Filter A
Filter B
Filter C
Filter D

Order
20
29
50
68

Delay [samples]/[ms]
2/0.125
2/0.125
2/0.125
2/0.125

End of pass band [Hz]
3500
3500
3500
3700

Beginning of stop band [Hz]
4000
4000
4000
4000

Pass band ripple [dB]
( 0.8
( 0.4
( 0.09
( 0.16

Stop band attenuation [dB]
( 20
( 26
( 40
( 34

Complexity estimation [WMOPS]
0.34
(21 * LMAC)
0.48
(30 * LMAC)
0.82
(51 * LMAC)
1.10
(69 * LMAC)

Complexity increase in decoder [%]
4.9
7.0
11.9
16.0

Detailed characteristics of the example filters in the form of amplitude and phases response curves are given in annex A. Coefficients for the filters are given in the annex B.

Summary

In this document we have listed four different examples for interpolation/decimation filter to be added to the AMR-WB codec. We hope this contribution to raise discussion whether minimum phase FIR filter would be suitable for this purpose and how much attenuation is needed for stop band and how much complexity can be increased.

ANNEX A

Amplitude and phase response curves for the proposed filters.
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Figure 1: Amplitude and phase response of the filter A
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Figure 2: Amplitude and phase response of the filter B
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Figure 3: Amplitude and phase response of the filter C
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Figure 4: Amplitude and phase response of the filter D

ANNEX B

Filter coefficients (in Q15 format) for proposed filters.


Filter A
Filter B
Filter C
Filter D

0
6906
4853
2150
3084

1
13162
11392
7240
9106

2
13300
13961
12505
13698

3
5134
8127
12370
10965

4
-3672
-1503
5025
1725

5
-4797
-5664
-3629
-5465

6
382
-1757
-5649
-4103

7
3496
3219
-611
1951

8
949
2564
3886
3886

9
-2326
-1508
2266
-26

10
-1452
-2514
-2098
-3100

11
1403
381
-2663
-986

12
1551
2142
717
2266

13
-718
325
2465
1475

14
-1450
-1667
238
-1526

15
237
-730
-2008
-1658

16
1206
1189
-833
914

17
-243
920
1469
1662

18
-1996
-759
1149
-425

19
-2176
-960
-941
-1561

20
681
402
-1258
45

21

901
476
1397

22

-128
1222
235

23

-785
-96
-1216

24

-57
-1091
-457

25

648
-191
994

26

84
905
572

27

-899
388
-823

28

-1212
-695
-687

29

218
-504
613

30


485
725

31


551
-427

32


-293
-705

33


-543
312

34


129
737

35


495
-127

36


0
-661

37


-422
31

38


-93
613

39


338
57

40


152
-568

41


-249
-156

42


-177
477

43


174
198

44


192
-416

45


-84
-246

46


-134
340

47


121
274

48


266
-271

49


133
-284

50


-154
203

51



290

52



-148

53



-276

54



88

55



271

56



-55

57



-234

58



-2

59



236

60



-2

61



-169

62



-72

63



214

64



-5

65



-91

66



-128

67



357

68



388

