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1 Introduction

The 3GPP AMR-WB speech codec is targeted to wideband speech applications. The codec has reasonable performance also with music signals but the quality is not in the same level with generic audio codecs. That is why we are now proposing to extend AMR-WB to generic audio signals. Hence, the extended AMR-WB standard would provide high performance with both speech and music, but the focus would be on quality improvements on music signals. With music signals, the limiting factor is also the audio bandwidth and therefore the extension of the sampling frequency to 24kHz is also needed. The extended AMR-WB would be applied in packet switched streaming services as well as messaging services. It is primarily intended for non-conversational services.

In this document, we present subjective test results for the experimental audio extension for AMR-WB in order to show the technical feasibility of this work.

2 Test description

The Nokia Research Center was acting as a listening and processing laboratory of ITU-T characterisation tests for AMR-WB (G.722.2). For the test described in this document, we repeated ITU Experiment 3b, which evaluated the performance of codecs with different music signals using DCR methodology. Input music was international (with the 'voice over' sentences in Finnish). The test was conducted exactly like the ITU experiment 3b, except we added 4 new conditions: three different AMR-WB extension modes and G.722 at 64 kbit/s. Table 1 below shows the condition list for the test (new conditions shaded).

	Number
	Condition

	1
	G.722.2@23.85 kbit/s, -26 dBov

	2
	G.722.2@15.85 kbit/s, -26 dBov

	3
	G.722.2@12.65 kbit/s, -26 dBov

	4
	G.722 @56kbit/s, -26 dBov

	5
	G.722.1@24kbit/s, -26 dBov

	6
	Direct

	7
	MNRU, Q = 45 dB

	8
	MNRU, Q = 38 dB

	9
	MNRU, Q = 31 dB

	10
	MNRU, Q = 24 dB

	11
	MNRU, Q = 17 dB

	12
	MNRU, Q = 10 dB

	13
	G.722 @64kbit/s, -26 dBov

	14
	Extension@~13 kbit/s, -26 dBov

	15
	Extension@~16 kbit/s, -26 dBov

	16
	Extension@~24 kbit/s, -26 dBov


Table 1: List of Conditions.

The listening test for conditions 1-12 conformed to the procedures outlined in the test plan [1]. For the remaining conditions 13-16, all the pre and post processing was performed according to the ITU-T test plan [1]. Table 2 below summarises the processing factors.

	Codec
	
	

	Input characteristic
	1
	UPCM, P.341

	VAD/DTX
	1
	Off

	Bit-rates
	3
	~24, ~16, ~13 kbit/s 

	RFER
	-
	No errors

	Input speech level
	1
	-26dBov (Nominal)

	Tandeming 
	1
	1 transcoding

	Noise
	-
	Environmental noise is not used in this experiment

	
	
	

	References
	
	

	Input characteristic
	1
	UPCM, P.341

	Reference codecs
	3
	ITU-T G.722
	ITU-T G.722.1
	AMR-WB

	Bit-rates
	2
	1
	3
	64, 56 kbit/s
	24 kbit/s
	23.85, 15.85, 12.65 kbit/s

	Input speech level
	1
	-26 dBov (Nominal)

	RFER
	-
	No errors

	Tandeming 
	1
	1 transcoding

	Noise
	-
	Environmental noise is not used in this experiment

	
	
	

	Other references
	
	

	Direct
	1
	UPCM, P.341, nominal level, with no noise

	MNRU
	6
	Q= 10, 17, 24, 31, 38, 45 dB

	
	
	

	Common Conditions
	
	

	Music classes
	6
	Classical_1 (music only),  Classical_2 (music+vocal),

Modern_1 (music only),  Modern_2 (music+vocal),

VoiceOver_Classical,  VoiceOver_Modern

	Music samples
	16


(+8 
voice over)

	4 music genres per class* (1 passage per genre) for Classical and Modern classes, 

VoiceOver classes reuse corresponding Classical and Modern music only samples with 2 male speakers (for half the samples) and 2 female speakers (for the other half)) mixed on top of  the music samples

	Listening Level
	1
	73dB SPL , calibrated as explained in Annex B

	Listening Instrument
	
	Circumaural headphone, diotic

	Listeners
	32
	Naive listeners (minimum of 12 listeners per gender)

	Randomizations
	4
	One for each group of 8 listeners

	Voting Scale
	1
	DCR


Table 2: Processing factors

3 Input Source Material

Input music samples used in the test were exactly the same than used in the ITU experiment 3b. They were extracted from commercial CDs (see Annex A) with Exact Audio Copy -tool and first up-sampled to 48 kHz and then down-sampled to 16 kHz and scaled to -26 dBov.

Source speech material for voice over music samples was balanced Finnish sentences recorded according to ITU-T recommendation P.800 [2]. A Corpus of balanced sentences was produced according to [3] by the Department of Phonetics in University of Helsinki. Recording was made by an external high quality recording studio.

4 Processed Material

Output files for the common conditions (1-12) to ITU-T experiment 3b were cross checked against the material processed for the ITU test and all the data was found to be bit-exact.

5 Test Setup

5.1 Listening Environment

Listeners were placed in high quality, acoustically isolated booths. Six identical booths with internal dimensions of 1.4 x 1.1 x 2.1m were used. The background noise-rating curve of each booth fulfils the ISO NR15 requirement. The reverberation times within the booths are <300ms above 315Hz one-third octave bands. No discernible flutters are audible within the booths.

5.2 Testing Facility

The listening test was controlled by remote PCs with a keyboard, mouse and an LCD screen in the booths. Six machines were used to play the samples to the listeners and to collect their answers. Each one is furnished with a high quality digital sound card (type: RME DIGI 96/8 PRO), providing 44.1kHz or 48kHz output at a resolution of 24 bits. The digital audio output signals were subsequently fed to a Studer D19 24bit multichannel digital to analogue converter employing an AES/EBU bus. A Symmetrix 304 headphone amplifier was used. Samples were presented diotically to the listeners over high quality Sennheiser HD580 open-back headphones.

5.3 Environmental Noise

Environmental noise was fed into the booths with the required Hoth spectrum to represent typical room noise at the required 30dBA level. Two loudspeaker units (type: Genelec 1029A) per booth were used. Speakers were positioned so that the sound pressure level was 30dBA above the centre of the seat of subject's chair.

5.4 Presentation Levels

A calibrated 1kHz reference sinusoidal tone was used to define the active speech level based on the equalized level of the input material. This tone was measured at the earpiece through an artificial head. The SPL was then adjusted to 73dB.

6 Listener Information

Naïve Listeners were recruited with the following variety of different gender and age. The panel consisted of 21 females and 11 males. There were 6 listeners under 20 years, 15 between 20-40 and 11 over 40 years old.

Listeners were required to have normal hearing in at least one ear. Each listener's hearing on the preferred ear was tested using Interacoustics AC40 clinical audiometer before they could attend the test. All listeners had Finnish as native language.

7 Results

Table 3 below summarises the results for all the conditions. Figure 1 shows curve for the MNRU conditions (07-12). Figure 2 gives the overall test results with 95% confidence intervals for other than MNRU conditions. Figure 3 gives detailed results for individual music classes.

	
	Music Classes
	

	
	Classical
	Modern
	Voice Over
	
	ALL
	

	Condition
	Only music
	Music +vocal
	Only music
	Music +vocal
	Class.
	Modern
	CI
Lower
	Mean
	CI
Upper

	01 AMR-WB @23.85kbit/s -26dBov
	3.41
	3.84
	4.01
	4.25
	4.00
	4.47
	4.14
	4.01
	3.88

	02 AMR-WB @15.85kbit/s -26dBov 
	2.81
	3.31
	3.29
	3.31
	3.16
	3.91
	3.44
	3.29
	3.14

	03 AMR-WB @12.65kbit/s -26dBov 
	2.06
	2.50
	2.61
	2.66
	2.69
	3.25
	2.77
	2.61
	2.46

	04 G.722 @56kbit/s –26dBov 
	3.69
	3.75
	4.06
	3.97
	4.56
	4.34
	4.19
	4.06
	3.92

	05 G.722.1 @24kbit/s -26dBov 
	4.75
	4.81
	4.71
	4.59
	4.47
	4.88
	4.78
	4.71
	4.64

	06 DIRECT 
	4.81
	4.78
	4.71
	4.63
	4.66
	4.75
	4.78
	4.71
	4.64

	07 MNRU 45 dB 
	4.56
	4.59
	4.65
	4.69
	4.59
	4.69
	4.74
	4.65
	4.56

	08 MNRU 38 dB 
	3.97
	3.94
	4.28
	4.56
	4.09
	4.66
	4.41
	4.28
	4.15

	09 MNRU 31 dB 
	2.81
	3.22
	3.46
	3.69
	3.00
	3.97
	3.62
	3.46
	3.30

	10 MNRU 24 dB 
	2.03
	2.25
	2.46
	2.88
	2.09
	2.75
	2.61
	2.46
	2.32

	11 MNRU 17 dB 
	1.38
	1.50
	1.56
	1.81
	1.25
	1.69
	1.67
	1.56
	1.46

	12 MNRU 10 dB
	1.06
	1.03
	1.09
	1.25
	1.06
	1.06
	1.14
	1.09
	1.05

	13 G.722 @64kbit/s –26dBov 
	4.13
	4.19
	4.22
	3.94
	4.44
	4.28
	4.34
	4.22
	4.09

	14 Extension @~13kbit/s -26dBov
	4.53
	4.13
	4.01
	3.75
	3.72
	3.91
	4.13
	4.01
	3.89

	15 Extension @~16kbit/s -26dBov
	4.63
	4.47
	4.19
	3.84
	3.91
	4.16
	4.31
	4.19
	4.08

	16 Extension @~24kbit/s -26dBov
	4.66
	4.75
	4.60
	4.28
	4.72
	4.66
	4.69
	4.60
	4.52


Table 3: Summary of the test results
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Figure 1: MNRU curves
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Figure 2: Test results for all music classes with confidence intervals
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Figure 3: Individual test results for different music classes

8 Conclusions

Results clearly indicate that there is an improvement in music signal compared to the AMR-WB codec. We made some T-tests for condition comparisons to see if there is statistical difference between some interesting test conditions. Table 4 summarizes the comparison results for the following cases: 

a) Extension @~13kbit/s vs. AMR-WB @23.85kbit/s,

b) Extension @~16kbit/s vs. G.722 @64kbit/s,

c) Extension @~24kbit/s vs. G.722.1 @24kbit/s,

Overall results indicate that the quality with music signal using extended mode around 13kbit/s is statistically equal to AMR-WB codec with bit-rate of 23.85 kbit/s. AMR-WB extension using bit rate around 16 kbit/s gives statistically equal quality to G.722 at 64kbit/s. Highest tested mode of the AMR-WB extension reaches very high music quality of G.722.1 at 24 kbit/s.

Note, that the results are still preliminary, giving indication of the possible performance improvement that could be obtained with AMR-WB extension. Further improvements will also be achieved when operating AMR-WB extension with 24 kHz sampling rate.

	
	Music Classes
	

	
	Classical
	Modern
	Voice Over
	Overall

	Case 
	95% CI
	Only music
	95% CI
	Music +vocal
	95% CI
	Only music
	95% CI
	Music +vocal
	95% CI
	Class.
	95% CI
	Modern
	95% CI
	Mean

	a)
	0.36
	Better
	0.40
	Equal
	0.48
	Equal
	0.44
	Worse
	0.44
	Equal
	0.42
	Worse
	0.18
	Equal

	b)
	0.39
	Equal
	0.42
	Better
	0.41
	Equal
	0.54
	Equal
	0.38
	Worse
	0.33
	Equal
	0.17
	Equal

	c)
	0.26
	Equal
	0.23
	Equal
	0.27
	Equal
	0.36
	Equal
	0.27
	Equal
	0.23
	Equal
	0.11
	Equal


Table 4: Statistical difference between some test conditions (using T-test)
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Annex A: Music material used in the Experiment

The music material used in the experiment was identical to the material used in the AMR-WB ITU characterization experiment 3b.

	Music class
	Genre
	CD name, Performer, Music passage

	Classical 1 (music only)
	Symphony/Orchestra
	Adagietto, Ostrobothnian Chamber Orchestra

Lindberg: Adagio

	
	Chamber
	Enkelin Siivin, Drottningholm Baroque Ensemble

Telemann: Concerto for trumpet/Adagio 

	
	Quartet/Trio/Duo
	Meditation, Kodaly Quartet

Haydn:  String Quartet no 24

	
	Single Instrument 
	Frösöblomster, Noriko Ogawa, piano

Peterson-Berger: Vid Larsmess 

	Classical 2 (music+vocal)
	Symphony/Orchestra
	Enkelin Siivin, Schola Cantorumo of Oxford

Vivaldi: Gloria in Excelsis Deo

	
	Chamber
	Arie Amorose, Monica Groop / Ostrobothnian Chamber 

Händel:  Va tacito e nascosto 

	
	Quartet/Trio/Duo
	Anhelo, Jose Cura

Cura:  Sonetos de amor y muerte

	
	Piano+vocal
	La voix du ciel, Barbara Hendrics

Mozart: Dans un bois solitaire

	Modern 1 (music only)
	Pop
	I’ll lead you home, Michael W. Smith

A little stronger every day

	
	Rock
	Pink of blue, Qstone

Rocking chair

	
	Jazz/Latin
	Elixir, Fourplay

Dream come true

	
	Country/Folk
	Golden Heart, Mark Knopfler 

Darling Pretty (intro)

	Modern 2 (music+vocal)
	Pop
	Beliver, Janita

Lovin’ every minute

	
	Rock
	Synchronicity, Police

Every step you take

	
	Jazz/Latin
	Time and Tide, Basia

Promises

	
	Country/Folk
	Today’s country, John Berry

Your love amazes me

	Voice_over Classical
	Symphony/Orchestra
	Adagietto, Ostrobothnian Chamber Orchestra

Lindberg:  Adagio

	
	Chamber
	Enkelin Siivin, Drottningholm Baroque Ensemble

Telemann: Concerto for Trumpet/Adagio 

	
	Trio/Duo
	Meditation, Kodaly Quartet

Haydn: String Quartet no 24

	
	Single Instrument
	Frösöblomster, Noriko Ogawa

Peterson-Berger: Vid Larsmess 

	Voice_over Modern
	Pop
	I’ll lead you home, Michael W. Smith

A little stronger every day

	
	Rock
	Pink of blue, Qstone

Rocking chair

	
	Jazz/Latin
	Elixir, Fourplay

Dream come true

	
	Country/Folk
	Golden Heart, Mark Knopfler 

Darling Pretty (intro)














