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Summary

This document gives justifications of the objective audio codec conformance measures presented in Tdoc AHAUC-025 (Draft TS: Extended AMR-WB codec conformance).
Background

A Draft TS on Extended AMR-WB codec conformance was presented in Tdoc AHAUC-025 during the Audio Codec ad hoc meeting of February 7-8, 2005.

In this draft TS, it was proposed that the conformance of fixed-point encoder and decoder is fulfilled either by showing bit-exactness to the fixed-point reference C-code implementation or by meeting a set of minimum objective performance requirements. Similarly, the conformance of floating-point encoder and decoder is fulfilled either by utilising (compiling) the reference floating-point source code in specification as such or by meeting a set of minimum objective performance requirements.

Although bit-exact implementation (or straight compile of floating point source code) is the safest approach to guarantee compliance with the specification, some companies expressed the need to allow non-bit-exactness to permit efficient implementations on certain platforms. 

To test conformance, formal subjective testing was initially proposed but it was strongly opposed by some companies since it is too costly and impractical. Hence, there was a demand to use only objective measures to test the conformance of non-nit-exact implementations.

This document gives justifications of the objective audio codec conformance measures presented in Tdoc AHAUC-025.

Proposed objective measures

The proposed objective performance requirements consist of PEAQ (perceptual evaluation of audio quality) or wSNR (weighted signal to noise ratio). Further, the classification module is measured based on percentage of frames similarly classified.

Encoder conformance:

The encoder performance is performed by testing individual modules and by overall testing. 

The modules include mode selection, individual coding types, bandwidth extension, and stereo. Different objective measures may be used depending on the module being tested

Mode selection

For open loop mode selection, comparing the floating point and fixed point versions showed that both implementations gave up to 99% similarity. And listening tests showed that the two implementations are indistinguishable. So we concluded that mode similarity is a satisfactory measure for open loop mode selection, and 99% similarity can be used as a threshold.   

For closed loop mode selection, comparing the floating point and fixed point versions resulted in about 80% similarity. However, since closed loop mode selection is based on choosing the mode that gives the best weighted SNR, then conformance can be guaranteed if the underlying coding modes (ACELP, TCX-256, TCX-512, TCX-1024) are properly implemented. Thus, choosing proper conformance measures for the coding modes insures the closed-loop mode selection conformance. However, a similarity measure with a threshold of 80% can also be used.

Using weighted SNR for conformance of coding modes

To test the conformance of the individual coding modes, we propose to force the mode being tested for the whole test sequence. Since the encoder minimizes the weighted error between the original and coded audio signal then it is very relevant to use the weighted SNR as a conformance measure. In fact, in addition to listening tests, the weighted SNR measure is used during fixed point codec development to compare and debug the code against the floating point implementation. 

Forcing the mode to either ACELP, TCX-256, TCX-512, or TCX-1024, and measuring the wSNR for both fixed and floating point versions, the average wSNR difference below 1% for TCX modes and about 1.5% for ACELP mode. Thus it was proposed to use the thresholds of 1% and 2% for TCX and ACELP modes, respectively. 

Although the average wSNR is very close, the difference can be large on a frame basis, thus a measure to eliminate the percentage of outliers may be needed in addition to the average wSNR. The following statement can be used “no more than x% of frames shall have a wSNR difference lager than y dB”, with x and y to be defined.

Weighted SNR is also used to test the coder mode switching performance. In this case the floating point reference encoder is run and the modes selected are forced to the fixed point implementation. Then the wSNR is measured for both reference  and fixed point implementations. A difference within 1% was observed between the floating point and fixed point implementations. 

Similarly, Weighted SNR can be further used to test the coder bit rate and ISF switching performance. Here also, a difference of wSNR within 1% was observed.

In conclusion, weighted SNR can be used to test the conformance of individual coding modes, mode switching, bit rate switching, and ISF switching. Tight measures can be used.

Using PEAQ for testing stereo performance

To test the conformance of the stereo, we propose to use PEAQ (AFSP implementation) in encoder - decoder configurations, where the reference configuration is using the floating-point encoder and the fixed-point decoder according to 3GPP TS 26.304 and 3GPP TS 26.273, respectively. The test configuration (codec in test) is composed of the fixed-point encoder in test implementation to be verified and the fixed-point decoder according to 3GPP TS 26.273.

Two sets of tests of the stereo operation are proposed using the described configuration, one testing the low-band stereo operation and one testing the mid-band stereo. Common for these tests is that for the codec in test they apply an approach where the bit streams of the reference encoder and the encoder in test are merged before decoding. Specifically, the part of the bit stream generated by encoder in test belonging to the specific operation is merged into the bit stream of the reference encoder, thereby replacing the corresponding part generated by the reference encoder. The output files produced by reference configuration and such way composed test configurations are then compared using PEAQ.

This approach is motivated by experience when developing the AMR-WB+ FIP code which is proposed for TS 26.273. It was found that PEAQ differences not worse that –0.2 lead to undistinguishable quality. Also, in the process of development cases were observed, where the FIP code still contained bugs. In these cases significantly worse PEAQ figures were obtained. In this context we found that in order PEAQ to identify potential problems, it is necessary to operate with relatively short sound items that should not exceed 10s.

Decoder conformance

A similar approach is taken using PEAQ as above in stereo encoder conformance testing. Conformance testing of decoder implementations is proposed to be done with “black-box” tests. Such tests verify the output of the given decoder implementation against the output of the reference decoder (26.273) for certain input test vectors and various codec operation modes and bit rates.

As above, the approach is motivated by experience when developing the AMR-WB+ FIP code which is proposed for TS 26.273. It was found that PEAQ differences not worse that –0.2 lead to undistinguishable quality. Also, in the process of development cases were observed, where the FIP code still contained bugs. In these cases significantly worse PEAQ figures were obtained. In this context we found that in order PEAQ to identify potential problems, it is necessary to operate with relatively short sound items that should not exceed 10s.
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