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1.
Introduction
EVS coder provides enhanced quality for communication compared to AMR_WB coder. 3GPP standardized both a fixed point version (26.442 [1]) and floating point version (26.443 [2]). Being able to use either fixed point or floating point embedded implementation based on architectural capabilities will allow a wider and faster proliferation of EVS, thereby benefiting end user experience.

For floating point conformance testing, bit exact matching criteria cannot be used. A tool is needed to insure that the floating point code is implemented properly without introducing any degradation. Following 3GPP SA4 meeting in Rennes, a group of companies worked on possible conformance criteria for EVS floating point code. After various investigations, it was suggested to use the same methodology presented in [3] & [4] based on POLQA computation [5]. 

This document presents results using this POLQA verification tool, carried out by Fraunhofer and Intel to analyze the behavior of the combination of platform and compiler. 

Results show that this proposed methodology can properly discriminate between good and poor EVS floating point implementations and could be used for EVS floating point conformance.
2. Code Implementation Options 

Typical implementations will use the reference code and will use some optimizations to reduce complexity or code memory footprint. A common approach is to use different compiler optimization options.  This approach was also used here.  The code has been compiled with various optimization levels to evaluate the sensitivity of the conformance tools. Three levels of optimization were used:

· Opt_None: the code was compiled without any optimization.

· Opt_Quality: the code was compiled with various optimization level depending on the file and functions to provide best computational performance while insuring quality.

· Opt_Agg: the code was compiled with a  very aggressive setting for computation performance, without checking on the possible consequences on quality 
The code from 24.443 was used without any modification. Source code change are out of scope of this study. Version C80 of the code was used.
3. POLQA verification tool description
The methodology follows the one described in AHEVS-366 [3]. POLQA [5] scores are computed for various combination of encoder and decoder. 
The following four cases are processed:

a): fixed-point encoder and fixed-point decoder (FX/FX), version c90 of the fixed point was used,

b): floating-point encoder and floating-point decoder (FL/FL),

c): fixed-point encoder and floating-point decoder (FX/FL), and

d): floating-point encoder and fixed-point decoder (FL/FX)

For each test point, the individual P.OLQA MOS-LQO scores for the test samples are then averaged and the absolute values of the differences for [a) – b)], [a) – c)] and [a) – d)] compared. 

Table 2: Template for result presentation

	Input signal
	Bandwidth
	Bit rate
	DTX
	Level
	FER/Profile
	[ a) – b) ]
	[ a) – c) ]
	[ a) – d) ]

	clean speech, noisy speech, mixed/music
	NB, WB, SWB, or FB
	e.g. 7,2
	off or on
	-26, -16, or -36 dBov
	No errors, 3%, 6%, or JBM profiles
	MOS-LQO(FX/FX) - MOS-LQO(FL/FL)
	MOS-LQO(FX/FX) - MOS-LQO(FX/FL)
	MOS-LQO(FX/FX) - MOS-LQO(FL/FX)


Each compiler option is verified against the results of the fixed point code.

The audio corpus for the tests as well as the scripts were provided by Fraunhofer. It consisted of speech files from P.501, music and mixed material from other 3GPP codec test vectors and noise files. The files have been processed according to EVS-8c (EVS processing plan). 
4. Results

Table 2 summarizes the results obtained for the 3 compiler version as well as the result obtained for the 3GPP C80 code (executable from 24.443). For reference results from AHEVS-366 (3GPP floating point code C10) are indicated. 

Table 3 : Summary of differences

	
	
	3GPP C10
	Opt_None
	Opt_Quality
	Opt_Agg
	3GPP C80

	a) - b)
	AVG
	-0.0001
	0.001
	0.001
	0.036
	0.001

	
	MIN
	-0.167
	-0.070
	-0.100
	-0.058
	-0.071

	
	MAX
	0.112
	0.120
	0.109
	0.529
	0.108

	a) - c)
	AVG
	-0.002
	0.001
	0.001
	0.022
	0.001

	
	MIN
	-0.167
	-0.065
	-0.039
	-0.073
	-0.068

	
	MAX
	0.114
	0.061
	0.056
	0.383
	0.061

	a) - d)
	AVG
	-0.001
	0.000
	0.001
	0.044
	0.001

	
	MIN
	-0.074
	-0.064
	-0.090
	-0.078
	-0.07

	
	MAX
	0.083
	0.081
	0.162
	0.522
	0.114


Histograms of the difference POLQA scores are plotted in Figures 2, 3 and 4, for respectively the case a)-b), a)-c) and a)-d). In the histograms, data for 3GPP c10 are not represented. The last point on the graph (difference above 0.18) represents accumulation between 0.18 and the maximum value. 
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Figure 2: Histogram for a)-b) test case
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Figure 3: Histogram a) – c) test case
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Figure 4: Histogram a) – d) test case
As it can be seen the results for Opt_None and Opt_Quality are similar to the 3GPP float and could be considered similar to 3GPP fixed point version. 

However, Opt_Agg shows some clear outliers in the results. The outliers are not constrained to a particular mode or bandwidth but are present in all the experiments.
The results show that POLQA verification can be used to check conformance of EVS floating point implementation, and that bad implementation will be highlighted.

Using a threshold on average and maximum values (for example 0.01 for average and 0.18 for max) will flag the Opt_Agg version as not compliant.

5. Conclusion
The results presented show tool can be used to insure that EVS float code compilation does not degrade the quality. The tool is even sensitive enough to detect wrong optimization.

The sources believe that the tool presented could be used as conformance criteria for EVS floating point, and would like to discuss the steps to update chapter 7 of 26.444 [6] about the floating point conformance.
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