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***** CHANGE 1 *****
5.3.3
Maximum Loudness Difference

5.3.3.1
General Methodology

This clause describes the calculation of the maximum loudness difference (MLD) per item. The procedure is adopted from the loudness calculation of PEAQ [11] using the Filter bank-based ear model. The following steps need to be processed:

-
Filterbank (Annex 2 section 2.2.5 of [11]):

-
subsample factor F changed to 16 for higher time resolution. 

-
Outer and Middle Ear Filtering (Annex 2 section 2.2.6 of [11])

-
Frequency Domain Smearing (Annex 2 section 2.2.7 of [11])

-
Rectification (Annex 2 section 2.2.8 of [11])

-
Time Domain Smearing 1 - Backward Masking (Annex 2 section 2.2.9 of [11])

-
Adding of Internal Noise (Annex 2 section 2.2.10 of [11])

-
Time Domain Smearing 2 - Forward Masking (Annex 2 section 2.2.11 of [11])

-
Loudness (Annex 2 section 3.3 of [11]):

-
This section defines the specific loudness patterns [image: image1.emf]
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The specific loudness patterns are calculated for:

-
reference signal [image: image4.emf]
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-
signal under test [image: image5.emf]
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Maximum Loudness Difference (MLD):

-
The loudness difference [image: image6.emf]
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 is calculated as follows:

-
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The maximum loudness difference (MLD) for this item is then the maximum over all [image: image9.emf]


𝑛  










 time samples. Note that [image: image10.emf]


𝑛  










 has a granularity of 2 ms:
-
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Note: In the context of this study, the “loudness difference” is calculated as difference in sone values (subtraction, not division).
***** CHANGE 2 *****
6.6
Experiment F

In this clause results with the loudness tool described in Clause 5.3.3 are presented. The encoder test vectors have been processed as described in Figure 5 of Clause 5.3.3.2, using the most recent test vectors, related to TS 26.443 in the currently available version v12.10.0.
The loudness tool has a scaling parameter Lmax, which sets the relation between the digital signal level and the assumed acoustic presentation level. The following procedure was used for determining Lmax
1. Select assumed acoustic presentation level 80.5 dBSPL for -26 dBov
2. Construct a mono calibration file with a 1 kHz pure sine tone representing 40 dBSPL (r.m.s. ‑66.5 dBov) and 16bit signed integer at 48kHz sampling frequency.
3. Repeat until the loudness model gives 1 sone for each channel:
a. Measure the loudness with the calibration file
b. Adjust Lmax
The application of this procedure gives a playback level Lmax of 103.7535 dBSPL resulting in a loudness of 1.000066 sone. Lmax can be given as command line option (–l LEVEL) while the default value is 92 dBSPL, as described in ITU-R BS.1387-1 [2].
NOTE: The level 80.5 dBSPL was selected at 6 dB above the acoustic level expected for a UE with a receive loudness rating RLR of 8 dB (nominal for a binaural headset UE in TS 26.131), when receiving a signal a level of ‑16 dBm0.
The following 18 implementations (platforms & compiler optimization combination) have been tested:

· ARMv6 VFPv2 gcc-8 -Os

· ARMv7 NEON gcc-8 -O2

· ARMv7 VFPv3 gcc-8 -Os

· ARMv8 AArch32 gcc-8 -Os

· ARMv8 AArch64 gcc-8 -Os

· ARMv8 AArch64 gcc-8 -Os -ffp-contract=off

· i686 gcc-6 -O3

· i686 gcc-6 -O3 -mfpmath=sse -msse2

· i686 VS2017 Debug

· i686 VS2017 MinSizeRel

· i686 VS2017 Release

· x86-64 clang-4.0 -O3

· x86-64 clang-4.0 -Ofast

· x86-64 gcc-6 -O3
· x86-64 gcc-6 -Ofast
· x86-64 VS2017 Debug

· x86-64 VS2017 MinSizeRel

· x86-64 VS2017 Release

The boxplots indicate lower and upper quartile (left and right end of box) and median, the horizontal lines attached to the box indicate extreme values excluding outliers. Outliers are depicted as individual values.

In Figure 25 the box plot over all test vectors for a particular build is plotted for Lmax = 92dBSPL.
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Figure 25: MLD Loudness Difference metric for various builds (Lmax = 92dBSPL)
In Figure 25 it can be observed that the builds “i686 VS2017 MinSizeRel” builds don’t show any MLD. These builds are identical to the executables used for generating the test vectors. When deviating from the VS2017 Min Size Release builds to builds using an IEEE 754 compatible floating point unit, a maximum MLD of approx. 5 can be observed. Only for builds violating IEEE 754 (“ARMv7 NEON gcc-8 -O2”, “ARMv8 AArch64 gcc-8 -Os“, “i686 gcc-6 -O3”, “x86-64 clang-4.0 -Ofast“, “i686 gcc-6 -Ofast”) significant higher MLD values can be observed.

In Figure 26 the box plot over all test vectors for a particular build is plotted for Lmax = 103.7535 dBSPL.
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Figure 26: MLD Loudness Difference metric for various builds (Lmax = 103.7535 dBSPL)
In Figure 26 it can be observed that the builds “i686 VS2017 MinSizeRel” builds don’t show any MLD. These builds are identical to the executables used for generating the test vectors. When deviating from the VS2017 Min Size Release builds to builds using an IEEE 754 compatible floating point unit, a maximum MLD of approx. 10 can be observed. Only for builds violating IEEE 754 (“ARMv7 NEON gcc-8 -O2”, “ARMv8 AArch64 gcc-8 -Os“, “i686 gcc-6 -O3”, “x86-64 clang-4.0 -Ofast“, “i686 gcc-6 -Ofast”) significant higher MLD values can be observed.
Based on these results a single MLD threshold could be used as conformance criteria. For example a value of 6 could be selected when using Lmax = 92dBSPL or a value of 12 for Lmax = 103.7535 dBSPL.
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