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1. Introduction
The Enhanced Voice Services (EVS) codec has been approved in September 2014 [1]. As part of the EVS standard, fixed point code (26.442)[2] and floating point reference code (26.443)[3] have been released. The fixed point code conformance should be done by checking the bit exactness of the test vectors [4]. This approach is not possible for floating point code as various compilers and compile options could result in different output. Currently there are no matching criteria to insure conformance of floating point implementations.
The source believes that this is a major hurdle for EVS deployment. Mobile platforms have different architectures based on either DSP or CPU with either floating point or fixed point arithmetic.  Having the flexibility of implementing in either fixed or floating point will increase the proliferation of EVS.

This contribution reports on preliminary results done with various metrics and test vectors to assess the feasibility of an objective conformance test.

2. Some previous proposals to objectively assess floating point implementations
For EVS verification, the subjective tests have been conducted with the C fixed point code. For the verification of the floating point, it was decided [5] to use POLQA scores. The scores between various combinations of floating point /fixed point encoder and decoder were computed and the variations were small enough to insure that the two codes were interoperable.
In the former US cellular standard IS-54 the implementation of the voice coder was checked using the segmental SNR (SegSNR) distribution against a floating point implementation [6]. Here again, various encoder/decoder combinations were tested with a large database. To insure that the scores were not impacted by for example VAD decisions based on threshold computational differences between a fixed and float implementation the code could be ran with a pre-defined VAD decision. 

The advantage of using POLQA scores is the relevance to subjective scores. However, small glitches coming from a bad implementation are not always detected by this measure.

The SegSNR is a metric that is close to bit exactness, but allows variations. It is also good to detect small glitches due to for example an overflow problem in a fixed point implementation. However, it can diverge easily when a voice coder uses many different modes which are based on threshold based decisions (this is the case in EVS). A non bit-exact computation of the threshold based decision will result in selecting a different mode, which would impact strongly the SegSNR.  Some mitigations that have been proposed in the past are: using the same fixed point computations for decision logic in both float and fixed point code or to force the modes based on an external mode file.
3. Initial Investigation
This initial investigation was based on limited test vector set using single bit rate and bandwidth. The purpose was mainly to check the behavior of POLQA and Segmental SNR to see which metric could be used.
The input audio file contained four set of paired sentences sampled at 32 kHz (2 males and 2 females). There was no mixed content or audio content. This signal was chosen to conform to a typical POLQA measurement set-up.

3.1. Initial encoder test

The set-up to test the encoder is described in figure 1. Various encoders compiled with different Compilers under Test (CuT) are run with the input test file. The various coded files are then decoded using the reference decoder (version 12.2.0) provided as a binary. The output wavefiles are then use to compute the Segmental SNR between reference outputs (encoded and decoded with reference binary encoder and decoder) and CuT outputs, as well as the POLQA scores using the original wavefile. The POLQA score is the average of the scores over the 4 sentences. The Segmental SNR is obtained with the TIA/EIA IS-85 tool [6].
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Figure 1: Set-up for encoder testing
We consider three cases for CuT: Fixed point Encoder, IA 32bits float encoder and IA 64bits float encoder. Results are shown in table 1.
	Encoder
	POLQA
	SegSNR (dB)

	Reference binary
	4.53
	N.A

	Fixed point
	4.53
	13.4

	IA 32 bits
	4.52
	26.3

	IA 64 bits
	4.53
	80


Table 1: Encoder test results
The POLQA scores are very close to each other, while the Segmental SNR shows huge variation. The results are not unexpected as the various logic decisions of the encoder can lead to different signal with similar perceptual quality.
It is clear that Segmental SNR cannot be used without constraint on the logic decisions of the encoder. POLQA appears to be good candidate for conformance testing.

3.2. Initial decoder test

The test set-up for the decoder is explained in Figure 2 and very similar to the encoder test.
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Figure 2: Set-up for decoder testing
The three CuT under consideration are fixed point decoder, IA 32 bits float decoder and IA 64 bits float decoder. Results are shown in Table 2.
	Decoder
	POLQA
	SegSNR (dB)

	Reference binary
	4.53
	N.A

	Fixed point
	4.53
	37.7

	IA 32 bits
	4.54
	55.4

	IA 64 bits
	4.54
	55.5


Table 2: Decoder test results

POLQA scores are very close to the reference results.
The Segmental SNR show high values for the case of the two float encoders, and a lower value for the fixed point decoder.
Based on these results it seems possible to use the Segmental SNR to test conformance of floating point decoder.

4. Decoder tests
Based on the initial investigation more extended tests have been done with the decoder. Due to the delay between the availability of the latest test vectors and code, tests have been done with version c20 and c30 of the test vectors. In all cases the latest EVS code (version 12.2.0) has been used.

The set-up is shown in figure 3. 
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Figure 3: Test set-up for decoder test
The bitstreams test vectors available in 26.444 [4] have been used directly to run the decoder. 
The first experiment was carried out using the test vectors included in the release c20, both fixed and float version of the test vectors are used, leading to 1584 scores. In this experiment the EVS decoder binary version 12.2.0 was used to obtain the reference output.
Figure 4 shows the histograms of Segmental SNR for the various bandwidths (NB, WB, SWB, FB and AMRWB).
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Figure 4: Histograms for various bandwidth with IA 32 bits decoder using c20 test vectors
For NB case, all files have Segmental SNR greater than 40dB. For the other bandwidth some files produce lower Segmental SNR than 40dB. However it should be noted that all these files with low Segmental SNR are for the 64kbps bit rate. There is no significant difference between the scores obtained with the fixed point test vectors or the floating point test vectors.
In a second experiment we use the test vectors from c30 version. In this case the reference outputs were taken from the decoded folder of the test vectors. Figure 5 shows the results for the floating point vectors with all bandwidth (828 test cases).
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Figure 5: Segmental SNR for C30 floating point test vectors with IA 32bits decoder

The results are very similar to the one obtained with the C20 version of the test vectors. Majority of the Segmental SNR values are above 40dB. Values below 40 dB are obtained in the case of the 64kbps bit rate.
5. Discussion

Based on these results the source believes that a conformance test for the decoder based on the use of Segmental SNR is possible. Some further tests are necessary to see if a simple threshold on the average score or cumulative distribution as in [6] can be used. It is recommended that we use the same test vectors as used for bit-exact compliancy. It is also recommended to investigate further why the 64 kbps mode shows a much lower SegSNR compared to any of the other bit rates.
For the encoder some uncertainties remain. The use of POLQA tool is promising, but one needs to assess the sensitivity in case of incorrect implementation. The use of licensed software for conformance is also something that needs further clarification. In addition, the use of POLQA has not been fully validated with EVS signals [8] and it is not clear to the source how POLQA behaves in case of mixed content. 
6. Conclusion

The source believes that the use of floating point code can help the deployment of EVS. To insure conformance a reliable test should be used, sensitive enough to detect incorrect implementation, but robust enough to allow variation in compiler and compute core properties. The criteria for encoder and decoder should be different. Based on first results the Segmental SNR seems to be a good candidate for evaluating the decoder. For the encoder the Segmental SNR is not useful and tests around POLQA or some other perceptual metrics should be used. The source welcomes collaboration on this study with the objective to have a test proposal at the next meeting.
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