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1 
Abstract

This document describes informative evaluation procedures and results comparing the quality of the AMR-WB+ fixed-point decoder implementation with the quality of the AMR-WB+ floating-point decoder implementation according to 3GPP TS 26.304. Evidence is given that the fixed-point decoder implementation provides the same quality level as the reference floating-point decoder and that it is eligible to be verified formally by 3GPP SA4. 

2
Introduction

3GPP REL-6 will contain the AMR-WB+ codec both specified as floating-point C-code (3GPP TS 26.304) as well as fixed-point c-code (3GPP TS 26.273). The floating-point c-code specification is already 3GPP approved and is considered the performance reference. The fixed-point code specification is still to be created in a way that it is ensured that the codec implementation according to it provides the same quality as the codec implementation according to the floating-point specification. Ensuring this is the purpose of the fixed-point codec verification to be carried out in SA4. 

It was considered necessary to ensure that the fixed-point code to be verified is sufficiently mature in order to justify the effort of formal codec verification in SA4. This document hence describes the procedures carried out so far for the fixed-point decoder and the results.

The testing has been done by expert listening tests in 3 parts. 

· The first part contains verifying the basic functionality of decoder such that it behaves according to the basic design constraints and functionally identical to the floating-point code reference. 

· The second part verifies the performance during normal operation with regular audio signals. 

· A third part of verification contains testing with special signals. 

3
Testing procedures

Part 1: basic functionality

This part of the testing verifies the following basic functionality:

· Support of all bit-rates in mono and stereo

· Bit-rate switching

· No other output sampling frequency than 16, 22.05, 24, 32, 44.1 and 48 kHz. 8 and 16 kHz output supported.

· Error concealment only relies on the information that a frame was lost. 

Result: 

The test is passed. The fixed-point decoder provides the same functionality as the loating-point decoder.
Part 2: Performance during normal operation with regular audio signals

This testing procedure consists of a number of informal expert listening tests with a selection of test items based on objective criteria.

The selection of test items is done using objective criteria. A large database of audio clips from several different content classes (music, speech, speech over music, speech between music, effects etc.) has been used. This database includes all items that were used in the official 3GPP audio codec selection exercise and further additional 200 audio clips. For each of the tested bit-rates and modes of operation (see below), all items in the database were encoded and decoded both by the floating-point decoder and the fixed-point decoder. A PEAQ measurement was then done where the floating-point decoded clip was used as the reference towards which the fixed-point decoded clip was graded. The twelve clips that had the highest deviation according to PEAQ grade were selected to be the test clips in the expert listening test at the particular bit-rate. The PEAQ tool used was the implementation that can be found in the AFsp v 8.0 software.

Using the test items selected in the procedure described above, four different subjective tests were set up. The test conditions in the four different tests are the following bit rates and operating modes: 10 kbps mono, 36 kbps mono, 16 kbps stereo and 48 kbps stereo. The basis of selecting these modes is that both high bit-rates and low bit-rates need to be tested as well as stereo/mono operation. It is assumed that testing at extreme rates would stress the fixed-point implementation to be assessed maximally. Hence, if no deviations between fixed-point and floating-point implementations are encountered for these extreme cases it is expected that no audible deviations will occur for other operating conditions.

The actual codec settings used are:

· 10 kbps mono, -mrate 10.4 –srate 0.0 –fsratio 0.9375

· 36 kbps mono, -mrate 24.0 –srate 0.0 –fsratio 1.5 

· 16 kbps stereo, -mrate 12.0 –srate 4.0 –fsratio 1.0

· 48 kbps stereo,  -mrate 24.0 –srate 8.0 –fsratio 1.5

Results

For the majority of test items that were assessed by expert listening testing no differences could be found between fixed-point and floating-point decoded versions. For single items slight differences were noticeable. However, in these cases it was not possible to rank the fixed-point and floating-point decoded versions in quality.

For information the average test results from 8 expert listeners are displayed in the table below. Note that the scores are Mushra scores.

	Test
	Original
	Floating-point
	Fixed-point

	10m
	99.998
	59.877
	60.244

	16s
	100.00
	69.275
	69.177

	36m
	99.471
	94.683
	94.143

	48s
	99.915
	85.072
	85.007


Part 3: Testing with special signals

The purpose of this testing was to verify proper operation also under non-normal conditions. The tested signals were:

· Swept sine, both mono and stereo. Start frequency 440 Hz, end frequency 880 Hz, duration 10s.

· Low-level signal, the all_cat.wav file with a10 dB reduction

· High-level signal, the all_cat.wav file with a 3 dB increase

· Artificially panned signal, the all_cat.wav file with a 100% pan effect at 0.5 Hz.

· FER signals, all_cat.wav file with 5% random frame losses

· DMTF signals

The outcome of this testing is an indication that either the fixed-point decoder handles these signal as intended (i.e. in the same way as the floating-point decoder), or it fails and produces significant artefacts not present in the floating-point decoder.

Results

The fixed-point decoder behaves as the floating-point decoder.

5
Summary

This document has shown the procedure of verifying the quality of the fixed-point implementation of the AMR-WB+ decoder. It is believed that the procedure gives evidence on the maturity of the fixed-point implementation of the AMR-WB+ decoder.  

The procedures presented here will also be applied on the fixed-point implementation of the encoder. Results will be presented soon.

It is believed that the described procedure can be formalized and even be applied for audio compliance testing.
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