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1. Introduction
For the work on specification of a new codec for enhanced voice services, reference codecs have been proposed [1]

 REF _Ref264363903 \r \h 
[2]. In parallel Deutsche Telekom AG has conducted listening tests to gain insights which bit rate is required to provide excellent quality for speech and audio conversational applications with state of the art super-wideband codecs. The subjective quality of different codecs was assessed under the same conditions, within the same context for different contents. Beside the Mono performance, some of the codecs were also tested in Stereo mode. Conditions with frame errors were not tested. 

2. Test design

The listening test considered speech items, music signals as well as mixed music and speech samples. The selection of the items was in order to get normal signals for telecommunication applications, i.e. no extreme critical material like the known items “pitch pipe” or “castagnets” was used . 
Three test methods were considered for the subjective tests. MUSHRA (ITU-R BS.1534) was designed to grade so called “intermediate audio quality”. This method provides good reliability with relatively low effort. For audio evaluations, the method described in ITU-R BS.1116, gives good reliability for very small differences of the degraded signal to the original where it becomes difficult to distinguish between original and coded version. For speech evaluations the ACR (ITU-T P.800) is well suited for signals with clear audible differences between original and coded version. 

After some pre-tests, finally MUSHRA was selected, because the expected range of quality and the considered applications (speech, speech over music, speech with background music, waiting loops) requires a method that is sensitive to reveal also small impairments in audio signals. The method should still be efficient enough to allow to conduct large tests in reasonable time. 
The user interface for listening tests is shown in Figure 1. The ITU-R BS.1534-1 compliant software STEP, which was provided by Acoustic Research Labs (ARL) was used. 

In order to limit the number of signals which were presented at one screen, the mono test was divided into 3 sub-sessions. The sub-sessions were arranged randomly in order to distribute the range of quality equal to the 3 sub-sessions. The stereo tests were limited to only one MUSHRA screen. The stereo tests were presented at the end after the mono sessions have been presented.
The tests were done at T-Labs in Berlin using headphones, because this listening condition fits the usage scenario where the highest advantage for super-wideband speech and audio codecs is expected. In the mono case, the presentation of the items was binaural with the same signal fed to both ears (diotic). 

The playback device was a silent fan-less PC with solid state drive. The PC was equipped with RME Multiface II audio interface. The headphones were AKG K271 MKII. The background noise in the test rooms was measured to be below 25 dBA. 

The adjustment of loudness was pre-selected to a comfortable level, but the listeners were free to do their individual adjustment. Once adjusted the level was remaining constant for the whole test.

The listeners were asked to evaluate the overall perceived quality compared to the known reference. The listeners were instructed that one of the conditions was a hidden reference.
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Figure 1: User interface for MUSHRA test

3. Codecs under test
The command line tools for the encoding and decoding were obtained from the ITU source code repositories, from an IETF draft with source code, from the xiph open source community and from a company providing an evaluation kit. 
Mono tests
In the mono test the following conditions were evaluated:

· AAC ELD @ 24, 32, 48 kbit/s 

· AAC LD @ 48, 64 kbit/s

· CELT @ 32, 48, 64 kbit/s

· G.718 @ 12, 24, 32, 48, 64 kbit/s
· G.719 @ 32, 48, 64 kbit/s

· G.722.1 Annex C @ 24, 32, 48 kbit/s

· G.722.2 @ 12, 23 kbit/s

· Silk @ 12, 24, 40 kbit/s

· Speex @ 24, 32, 44 kbit/s

Additionally, the hidden reference and the bandwidth limited versions of the signal using low pass filters with 3.5 and 7 kHz were presented.

Stereo tests
In the stereo section only some of the codecs supported an extra stereo mode; some of the codecs were tested as dual mono case. 
· AAC ELD @ 48, 64 kbit/s

· AAC LD @ 64 kbit/s

· CELT @ 48, 64, 96 kbit /s

· G.718 @ 64 kbit/s

· G.719 @ 64 kbit/s

· Speex @ 32, 44 kbit/s

Again in addition the hidden reference and the bandwidth limited versions of the signals were presented.

4. Selection of test items

The test examples should consist from relevant contents for all possible real life situations. In order to find appropriate test examples, pure speech samples, pure music samples and samples, where music and speech are mixed, were used.  

The excerpts should not be the most critical items but should represent average sound sources. From a large number of sound files the following samples were selected in order to get a wide range of realistic signals for the test. The processing was done offline using the command line tools.
Table 1: Mono excerpts
	Name
	Description

	Arbeit
	Speech with background working noise

	Club
	Jazz music with French female speaker in club atmosphere

	Fiedel
	Violin single instrument

	Jazzpiano
	Piano with drums

	Rea
	Chris Rea part of song „On the Beach”

	Speechsample
	New universal Deutsche Telekom speech sample with male and female speaker


Table 2: Stereo excerpts
	Name
	Description

	Chapman
	Tracy Chapman part from „Mountains o’ things“

	Dialog
	Male on right and female on left speaker talking simultaneously

	Hockey
	Ice hockey report with announcement and noise of the auditory

	Klassik
	Bach trumpet

	Neues
	Male speaker with background music


The processing of the test items was done offline using the command line tools of the different codecs. Afterwards, all samples were up-sampled to 48 kHz. For the mono files the channels were doubled in order to meet the requirements of the test software and to avoid different sample rates or file formats within the test sessions.
5. Listening panel

The listening panel consisted of 26 non-expert listeners, but with experience in participating in speech tests. The 13 male and 13 female subjects were between 19 and 40 years old.

6. Results

Post screening of subjects

The inspection of the individual listeners grades have shown that all listeners were able to give consistent grading. However the understanding of the expected quality level was a bit different for some of the listeners. They gave better grades for the coded conditions than the majority of all listeners. Nevertheless it was decided to leave their grading in the statistical analysis.
Statistical analysis

The analysis was done using an Excel Pivot table. The average values with their 95% confidence intervals can be seen in the result graphs. 
Results for Mono
Individual Results for single excerpts in the mono test are shown in Figure 2 to Figure 7.
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Figure 2: Average and 95% confidence interval for mono excerpt "Arbeit"
[image: image3.emf]SVQ Test, T-Labs, Mono

0,0

10,0

20,0

30,0

40,0

50,0

60,0

70,0

80,0

90,0

100,0

AAC_ELD_24AAC_ELD_32AAC_ELD_48AAC_LD_32AAC_LD_48AAC_LD_64Celt_32Celt_48Celt_64G.718_12G.718_24G.718_32G.718_48G.718_64G.719_32G.719_48G.719_64G.722.1AnnexC_24G.722.1AnnexC_32G.722.1AnnexC_48G.722.2_12G.722.2_23G.722_64HRLP35LP70Silk_12Silk_24Silk_40Silk_64Speex_24Speex_32Speex_44

Condition

Mushra Score

Club


Figure 3: Average and 95% confidence interval for mono excerpt "Club"
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Figure 4: Average and 95% confidence interval for mono excerpt "Fiedel"
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Figure 5 Average and 95% confidence interval for mono excerpt "Jazzpiano"
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Figure 6: Average and 95% confidence interval for mono excerpt "Rea"
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Figure 7: Average and 95% confidence interval for mono excerpt "Speechsample"

It can be observed, that an excellent quality (MUSHRA score > 80) can be achieved with some of the codecs at different bitrates for the different content. The minimum bitrates for that quality level in dependence from the contents are shown in Table 3.

Table 3: Mono bitrates in kbit/s for excellent quality
	Codec
	Arbeit
	Club
	Fiedel
	Jazzpiano
	Rea
	Speechsample

	AAC-ELD
	32
	24
	48
	32
	32
	32

	AAC-LD
	48
	48
	32
	48
	48
	48

	CELT
	64
	48
	64
	48
	48
	48

	G.718
	48
	-
	-
	-
	-
	32

	G.719
	32
	32
	48
	48
	32
	48

	G722.1 Annex C
	48
	32
	-
	24
	32
	-

	G722.2
	-
	-
	-
	-
	-
	-

	G.722
	-
	-
	-
	-
	-
	-

	SILK
	40
	-
	40
	-
	-
	40

	Speex
	-
	-
	-
	-
	-
	-


From this analysis the more generalized impression can be gained that 48 kbit/s should be a high enough bit rate to obtain excellent quality for the full range of contents from speech to music including environmental sound. The AAC-ELD seems to perform most efficient for the given contents. The G.719 also shows a quite balanced performance for different contents. The G.722.1 has a little worse performance for the contents Fiedel and Speechsample, but it is still quite good. AAC-LD also provides excellent quality for all content at 48 kbit/s.
Results for stereo

The results of the stereo tests are summarized in Figure 8 to Figure 12 
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Figure 8: Average and 95% confidence interval for stereo excerpt “Chapman”
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Figure 9: Average and 95% confidence interval for stereo “Dialog”
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Figure 10: Average and 95% confidence interval for stereo “Hockey”
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Figure 11: Average and 95% confidence interval for stereo “Klassik”
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Figure 12: Average and 95% confidence interval for stereo “Neues”

For stereo, AAC-ELD achieves excellent quality for all contents at 64 kbit/s. G.719 also shows excellent quality at bitrates of 64 kbit/s, but for two excerpts this quality level cannot be reached.  
7. 
Conclusions 
For mono conversational services with excellent quality, a bitrate of 48 kbit/s seems to be appropriate. AAC-ELD provides an excellent quality level already at a bitrate of 32 kbit/s. 

As the encoder AAC-ELD decoder is not fully specified, it is difficult for 3GPP SA4 to use the AAC-ELD as a reference encoder.

Hence it is recommended to use the G.719 or the G.722.1 as reference codec for the EVS codec development, for those cases where super-wideband transmission with excellent quality is expected. 
These observations are also valid for stereo. 
The Silk, CELT and Speex codecs do not provide a sufficient quality at bitrates of below 48 kbit/s for mono and below 64 kbit/s for stereo to cover the full range of contents. They cannot be used as EVS reference codec.  
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