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Introduction

This document gives detailed guidelines on the implementation of the preferred FOM of PSS/MMS low-rate audio codec selection rule 3. The background is that even if [1] (Tdoc S4-030837) is quite specific it defines the calculi to be carried out verbally rather than in formulas, which can be directly implemented. The Annex of this document provides an Excel spreadsheet which implements this preferred FOM.

Calculi

Delta performance scores

According to [1] Delta performance scores have to be calculated according to the following rule:
For each test case K and content type T = {music, speech over music, speech between music, speech} a delta performance score is calculated as the difference between the codec performance 
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The quality reference is calculated according to:


[image: image3.wmf])

)

,

(

),

,

(

max(

)

,

(

1

å

Î

=

T

T

I

i

AMRWB

AAC

N

Q

i

K

P

i

K

P

T

K

R

,

where IT denotes the set of NT items belonging to content type T.

The candidate codec performance is calculated according to:
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Thus, for a given item i and test case K, it is necessary to take the better of the Mushra scores obtained for AAC, i.e. PAAC(K,I), and for AMR-WB, i.e. PAMRWB(K,I) leading to the quality reference for this item 
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The corresponding Delta score on the given item and the test case K for codec C is calculated as the difference of the candidate codec performance PC(K,I) and the corresponding quality reference:
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The delta performance score for all items out of a given content type T can then be calculated by averaging the delta scores of all items belonging to the content type:
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It has to be noted here that the Mushra scores to be used in the calculation of the Delta score for a given item is the average of the individual listener votes for that items and test case. This is motivated by the reasoning that the performance reference should be regarded as the performance of a virtual codec incorporating AAC and AMR-WB and selecting the more suitable of both codecs for the given item, i.e. that one which ever leads to the better performance. (Also, throughout [1] performance scores are understood as averages of individual listener votes.) 
Average Delta scores

According to [1] average delta scores are calculated as follows:

In addition to the item-wise delta scores per test cases, average, minimum and maximum delta scores will be given both across content type and test case.

Thus, the average delta scores per test case and content type have to be averaged across the different content type in each test case, leading to


[image: image8.wmf])

,

(

)

(

T

K

average

K

C

T

C

D

=

D

¢

"


 (row-average)

and


[image: image9.wmf])

,

(

)

(

T

K

average

T

C

K

C

D

=

D

¢

¢

"


 (column-average)
Minimum and maximum Delta scores

According to [1] minimum and maximum delta scores are defined as follows:

The minimum and maximum delta score is understood as worst, respectively, best observed score across all items separately in content types and in test cases in which the reference is taken as maximum of the performances of AAC-LC and AMR-WB for the respective items at the given content types and test cases.

Thus, firstly, for each test case K, the minimum and maximum Delta scores across all items used in the test case have to be calculated for each given codec C:
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where I(K) denotes the set of test items used in test case K.

Secondly, for each content type T, the minimum and maximum Delta scores are derived by calculating the Minima/Maxima across all test cases and across the items from the given content type. For a given codec C we get per content type T:
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where IT(K) denotes the set of test items of content type T used in test case K.

Grand Average, Minimum and maximum Delta scores

According to [1] grand or global average, minimum and maximum delta scores have to be calculated as follows:

In order to provide a global overview further composite scores are derived such as average, minimum and maximum scores across the complete set of test cases and content types.

Thus, further averages, min and max values have to be calculated across the average, minimum and maximum delta scores in the table. The grand average delta score can be calculated either by averaging the column- or row-averages:  
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Average minimum and maximum delta scores are calculated by averaging the minimum or maximum delta scores across the content types: 
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Correspondingly, average minimum and maximum delta scores are calculated by averaging the minimum or maximum delta scores across the test cases: 
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Finally, global minimum and maximum delta scores across all test cases and content types have to be calculated. This can be done either by searching the minimum/maximum of all content-wise minimum/maximum delta scores, i.e. along the corresponding matrix row. The same values are obtained by searching along the corresponding matrix column for the minimum/maximum of the per-test-case minimum/maximum delta scores:  
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Preferred FOM

The complete score matrix for a codec C is now given by using the formulas from above:  

	Content
type T
Operating
condition K=1..8
	Music
	Speech over music
	Speech between music
	Speech
	Average
	Min per item
	Max per item

	14 kbps, mono, use case A (PSS)
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	18 kbps, stereo, use case A (PSS)
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	24 kbps, mono, use case A (PSS)
	…
	…
	…
	…
	…
	…
	…

	24 kbps, stereo, use case A (PSS)
	…
	…
	…
	…
	…
	…
	…

	14 kbps, mono, use case B (MMS), 
16 kHz inp. and outp. sampling rate
	…
	…
	…
	…
	…
	…
	…

	18 kbps, stereo, use case B (MMS)
	…
	…
	…
	…
	…
	…
	…

	14 kbps, mono, use case A (PSS), 
3% FER
	…
	…
	…
	…
	…
	…
	…

	24 kbps, stereo, use case A (PSS), 
3% FER
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	Average
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	Min per item
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	Not used

	Max per item
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Further FOMs

As further quality related FOMs documents [1] specifies the following calculation rules:

FoM L1:

The number of positive delta MUSHRA table entries. 

Thus, it has to be counted how many entries in above table are positive, i.e. in how many cases a given codec exceeds the specific reference criteria of the various table cells. 

FoM L2:

The number of negative delta MUSHRA table entries.  

Here, it has to be counted how many entries in above table are negative, i.e. in how many cases a given codec is worse than the specific reference criteria of the various table cells.  

References

[1]
S4-030837 “PSS/MMS Audio Codec and Extended AMR-WB, Selection Rules – Version 2.0”

Annex – Excel spreadsheet

Note: This spreadsheet is based on the GAL data of Tdoc S4-040099. These GAL data combine the results from all listening labs even though this might be problematic in a statistical sense. It is however possible and advisable to apply the below spreadsheet on the listening test results from the individual labs. 
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a1

18,71

-9,75

-8,02

6,62

1,89

-37,94

33,26

a2

8,10

-27,17

-20,54

-4,79

-11,10

-43,93

23,81

a3

27,00

11,42

21,11

24,41

20,98

-14,47

42,50

a4

14,06

-4,50

-3,68

19,03

6,23

-31,70

35,14

b1

8,33

-15,17

-10,19

1,17

-3,96

-33,34

16,73

b2

13,61

-16,89

-27,20

11,49

-4,75

-36,82

19,66

b3

1,69

4,97

7,60

18,72

8,25

-28,83

28,97

b4

15,33

5,46

7,42

23,96

13,04

-12,57

39,53

average

13,35

-6,45

-4,19

12,58

3,82

-29,95

29,95

min

-28,83

-43,93

-35,07

-28,45

-34,07

-43,93

max
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Codec 2

Preferred FoM
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a1

18,38

15,07

16,65

5,27

13,84

-1,40

26,67

a2

12,69

2,72

9,88

1,97

6,82

-18,90

26,10

a3

8,74

21,53

11,42

11,35

13,26

-4,41

27,07

a4

8,60

12,81

16,50

11,73

12,41

-4,60

26,57

b1

3,61

-1,48

5,48

-1,83

1,45

-10,20

13,53

b2

11,61

-0,71

-3,14

2,54

2,58

-19,57

30,83

b3

6,99

19,60

23,77

20,13

17,63

-0,76

32,80

b4

11,15

20,37

19,18

19,30

17,50

3,70

30,33

average

10,22

11,24

12,47

8,81

10,68

-7,02

26,74

min

-13,37

-11,43

-19,57

-18,90

-15,81

-19,57

max

30,83

27,69

32,80

30,33

30,41

32,80
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Codec 3

Preferred FoM
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17,55

-7,91

-6,24

6,91

2,58

-37,10

30,19

a2

28,69

-19,66

-0,45

9,99

4,64

-36,37

42,20

a3

27,29

14,02

21,65

24,32

21,82

-15,40

42,00

a4

33,18

6,26

3,81

28,39

17,91

-13,80

44,24

b1

7,75

-15,84

-11,19

-0,39

-4,92

-34,38

15,67

b2

31,29

-8,61

-13,73

20,94

7,47

-27,83

46,00

b3

2,99

5,26

10,35

19,31

9,48

-23,93

30,70

b4

31,35

10,28

11,74

35,05

22,10

-5,07

48,23

average

22,51

-2,03

1,99

18,06

10,14

-24,23

37,40

min

-23,93

-37,10

-27,83

-25,48

-28,59

-37,10

max

46,00

33,48

40,97

48,23

42,17

48,23
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		Codec 1

		Preferred FoM

				m		s		sbm		som		average		min		max								Reference		Music items 1…8																speech items 1…8																sbm items 1…4								som items 1…4												Delta scores		Music items 1…8																speech items 1…8																sbm items 1…4								som items 1…4

		a1		18.71		-9.75		-8.02		6.62		1.89		-37.94		33.26										62.96		35.86		50.23		22.16		42.33		29.06		48.00		47.62		61.00		73.86		47.33		61.52		65.64		38.55		46.54		51.29		59.15		53.68		46.10		43.37		55.57		61.89		35.27		37.30								1.93		16.07		23.87		33.26		25.87		23.87		26.48		-1.69		-21.14		-32.52		-0.40		-37.94		4.25		11.29		11.61		-13.13		-24.33		-11.68		-5.40		9.33		-6.32		4.67		23.47		4.67

		a2		8.10		-27.17		-20.54		-4.79		-11.10		-43.93		23.81										30.13		33.23		48.92		46.70		23.47		34.60		48.17		50.07		53.70		60.79		57.30		68.63		55.60		50.75		68.25		53.50		49.90		51.76		47.93		52.04		52.93		43.93		54.07		39.04								6.97		12.83		16.73		7.13		12.00		10.30		-2.33		1.13		-31.13		-11.96		-35.27		-43.93		-33.70		0.82		-34.18		-28.03		-29.97		-14.90		-28.27		-9.04		-11.70		-2.80		-28.45		23.81

		a3		27.00		11.42		21.11		24.41		20.98		-14.47		42.50										71.33		47.14		64.17		61.47		40.71		38.59		42.77		33.50		58.27		46.10		65.10		56.57		68.41		45.24		52.76		68.70		40.70		54.10		79.00		43.47		69.48		44.30		59.07		45.72								22.87		31.66		19.00		31.20		37.29		18.86		12.63		42.50		9.20		15.93		5.31		-14.47		22.59		30.24		11.59		10.93		27.03		8.20		6.81		42.40		22.48		26.23		12.63		36.28

		a4		14.06		-4.50		-3.68		19.03		6.23		-31.70		35.14										44.14		59.60		55.77		46.32		41.03		45.17		32.37		35.27		49.87		57.13		56.40		48.50		48.40		51.44		44.32		52.87		40.87		58.81		48.13		66.63		43.86		51.96		44.63		50.38								18.62		-6.03		9.35		15.96		31.28		28.14		23.57		-8.37		-31.70		-8.67		-18.20		-7.27		2.60		21.52		10.71		-4.97		2.73		12.07		-17.50		-12.04		35.14		12.21		19.97		8.81

		b1		8.33		-15.17		-10.19		1.17		-3.96		-33.34		16.73										49.40		66.23		42.47		49.37		29.37		31.63		31.77		36.23		43.77		70.93		70.55		42.97		52.41		56.43		68.90		53.60		60.10		49.97		40.31		42.60		47.80		49.69		61.96		38.86								16.73		-18.63		12.93		11.17		12.97		11.47		16.50		3.50		-4.30		-33.34		-27.86		-11.41		10.76		-23.17		-8.50		-23.53		-19.76		-10.28		-0.76		-9.97		9.20		-14.17		2.74		6.93

		b2		13.61		-16.89		-27.20		11.49		-4.75		-36.82		19.66										37.66		35.43		32.73		32.97		35.73		40.69		38.07		41.19		67.11		52.90		51.23		59.72		55.53		41.21		50.60		46.19		54.00		61.46		71.26		50.33		42.48		58.03		31.10		44.07								19.66		2.71		17.27		15.67		7.17		18.93		11.70		15.78		-36.82		-33.27		-10.20		-22.34		-28.37		-0.28		-11.83		8.00		-35.07		-13.43		-31.22		-29.07		12.93		0.79		18.93		13.30

		b3		1.69		4.97		7.60		18.72		8.25		-28.83		28.97										32.41		61.28		46.43		40.57		44.33		47.22		34.07		58.58		46.00		26.72		34.47		22.07		45.21		31.90		37.24		31.60		25.55		31.60		30.72		29.73		28.34		23.60		37.63		31.30								13.97		-28.83		0.17		14.21		-0.93		16.96		12.66		-14.65		-8.53		16.52		3.80		12.47		-7.28		14.83		5.24		2.70		-2.31		7.13		7.21		18.37		15.52		28.97		13.50		16.90

		b4		15.33		5.46		7.42		23.96		13.04		-12.57		39.53										40.72		47.28		44.33		45.85		31.50		41.10		36.80		42.18		29.93		34.24		33.77		37.90		25.70		23.54		27.00		40.74		26.40		46.69		38.93		44.36		18.80		39.68		34.67		34.20								15.79		24.59		4.00		14.44		16.77		17.79		9.60		19.68		-5.07		1.83		12.97		-12.57		25.17		10.89		18.83		-8.41		17.43		10.92		-10.97		12.29		39.53		2.61		26.50		27.20

		average		13.35		-6.45		-4.19		12.58		3.82		-29.95		29.95

		min		-28.83		-43.93		-35.07		-28.45		-34.07		-43.93

		max		42.50		30.24		42.40		39.53		38.67				42.50

		FoM L1		21

		FoM L2		11

		Codec 2

		Preferred FoM

				m		s		sbm		som		average		min		max								Reference		Music items 1…8																speech items 1…8																sbm items 1…4								som items 1…4												Delta scores		Music items 1…8																speech items 1…8																sbm items 1…4								som items 1…4

		a1		18.38		15.07		16.65		5.27		13.84		-1.40		26.67										62.96		35.86		50.23		22.16		42.33		29.06		48.00		47.62		61.00		73.86		47.33		61.52		65.64		38.55		46.54		51.29		59.15		53.68		46.10		43.37		55.57		61.89		35.27		37.30								2.36		25.90		16.53		17.61		25.53		15.90		20.31		22.86		23.41		4.41		13.50		12.90		10.21		17.68		19.39		19.03		11.19		20.75		8.00		26.67		8.96		-1.33		14.83		-1.40

		a2		12.69		2.72		9.88		1.97		6.82		-18.90		26.10										30.13		33.23		48.92		46.70		23.47		34.60		48.17		50.07		53.70		60.79		57.30		68.63		55.60		50.75		68.25		53.50		49.90		51.76		47.93		52.04		52.93		43.93		54.07		39.04								21.27		16.10		7.19		26.10		19.53		-0.10		2.73		8.67		14.80		3.57		10.13		5.19		-2.60		-5.18		-11.43		7.27		-6.03		17.55		11.20		16.81		5.11		4.33		-18.90		17.35

		a3		8.74		21.53		11.42		11.35		13.26		-4.41		27.07										71.33		47.14		64.17		61.47		40.71		38.59		42.77		33.50		58.27		46.10		65.10		56.57		68.41		45.24		52.76		68.70		40.70		54.10		79.00		43.47		69.48		44.30		59.07		45.72								3.33		0.21		2.00		1.50		4.46		16.93		25.23		16.21		26.63		20.03		23.38		24.20		12.48		17.24		27.07		21.20		17.30		23.40		-4.41		9.40		4.67		10.07		17.43		13.24

		a4		8.60		12.81		16.50		11.73		12.41		-4.60		26.57										44.14		59.60		55.77		46.32		41.03		45.17		32.37		35.27		49.87		57.13		56.40		48.50		48.40		51.44		44.32		52.87		40.87		58.81		48.13		66.63		43.86		51.96		44.63		50.38								13.38		2.17		13.46		10.32		10.34		21.76		-4.60		2.00		17.67		9.77		16.96		12.50		3.40		23.72		3.79		14.70		26.57		21.44		1.57		16.41		10.52		11.25		7.80		17.35

		b1		3.61		-1.48		5.48		-1.83		1.45		-10.20		13.53										49.40		66.23		42.47		49.37		29.37		31.63		31.77		36.23		43.77		70.93		70.55		42.97		52.41		56.43		68.90		53.60		60.10		49.97		40.31		42.60		47.80		49.69		61.96		38.86								13.53		-0.73		7.40		-3.87		7.43		8.83		-0.90		-2.80		2.00		-1.76		2.69		4.21		4.41		-3.40		-9.77		-10.20		5.59		10.59		0.72		5.03		4.10		-0.17		-1.44		-9.79

		b2		11.61		-0.71		-3.14		2.54		2.58		-19.57		30.83										37.66		35.43		32.73		32.97		35.73		40.69		38.07		41.19		67.11		52.90		51.23		59.72		55.53		41.21		50.60		46.19		54.00		61.46		71.26		50.33		42.48		58.03		31.10		44.07								30.83		21.96		-8.77		13.23		6.37		25.79		-13.37		16.85		-7.68		10.57		-5.50		0.45		-4.90		1.52		1.27		-1.41		-19.57		7.82		-0.67		-0.17		3.66		-6.21		19.47		-6.74

		b3		6.99		19.60		23.77		20.13		17.63		-0.76		32.80										32.41		61.28		46.43		40.57		44.33		47.22		34.07		58.58		46.00		26.72		34.47		22.07		45.21		31.90		37.24		31.60		25.55		31.60		30.72		29.73		28.34		23.60		37.63		31.30								17.59		-0.76		5.90		7.46		4.60		13.11		6.07		1.96		19.30		20.00		22.60		21.17		19.34		11.87		27.69		14.87		24.59		32.80		22.14		15.57		21.97		29.80		15.97		12.80

		b4		11.15		20.37		19.18		19.30		17.50		3.70		30.33										40.72		47.28		44.33		45.85		31.50		41.10		36.80		42.18		29.93		34.24		33.77		37.90		25.70		23.54		27.00		40.74		26.40		46.69		38.93		44.36		18.80		39.68		34.67		34.20								10.41		8.00		3.70		11.56		12.63		16.59		9.33		17.00		22.03		26.62		23.60		15.80		25.47		20.00		18.27		11.19		18.70		21.38		10.53		26.11		30.33		9.11		24.57		13.20

		average		10.22		11.24		12.47		8.81		10.68		-7.02		26.74

		min		-13.37		-11.43		-19.57		-18.90		-15.81		-19.57

		max		30.83		27.69		32.80		30.33		30.41				32.80

		FoM L1		28

		FoM L2		4

		Codec 3

		Preferred FoM

				m		s		sbm		som		average		min		max								Reference		Music items 1…8																speech items 1…8																sbm items 1…4								som items 1…4												Delta scores		Music items 1…8																speech items 1…8																sbm items 1…4								som items 1…4

		a1		17.55		-7.91		-6.24		6.91		2.58		-37.10		30.19										62.96		35.86		50.23		22.16		42.33		29.06		48.00		47.62		61.00		73.86		47.33		61.52		65.64		38.55		46.54		51.29		59.15		53.68		46.10		43.37		55.57		61.89		35.27		37.30								-1.61		17.97		20.00		30.19		22.43		24.52		25.59		1.28		-16.17		-28.90		0.73		-37.10		0.57		11.06		13.32		-6.84		-23.26		-9.79		0.00		8.10		-7.79		2.78		24.90		7.77

		a2		28.69		-19.66		-0.45		9.99		4.64		-36.37		42.20										30.13		33.23		48.92		46.70		23.47		34.60		48.17		50.07		53.70		60.79		57.30		68.63		55.60		50.75		68.25		53.50		49.90		51.76		47.93		52.04		52.93		43.93		54.07		39.04								42.17		42.20		22.69		29.10		37.90		30.90		3.70		20.87		-24.07		3.75		-15.93		-36.37		-25.47		-6.29		-32.39		-20.50		-25.47		-2.34		-5.17		31.19		2.19		23.43		-25.48		39.81

		a3		27.29		14.02		21.65		24.32		21.82		-15.40		42.00										71.33		47.14		64.17		61.47		40.71		38.59		42.77		33.50		58.27		46.10		65.10		56.57		68.41		45.24		52.76		68.70		40.70		54.10		79.00		43.47		69.48		44.30		59.07		45.72								19.53		32.38		19.57		28.53		42.00		24.55		12.20		39.57		10.70		26.31		7.93		-15.40		22.86		33.48		13.10		13.13		28.70		10.50		6.44		40.97		22.56		24.97		13.50		36.28

		a4		33.18		6.26		3.81		28.39		17.91		-13.80		44.24										44.14		59.60		55.77		46.32		41.03		45.17		32.37		35.27		49.87		57.13		56.40		48.50		48.40		51.44		44.32		52.87		40.87		58.81		48.13		66.63		43.86		51.96		44.63		50.38								41.83		7.77		27.12		40.64		41.24		44.24		41.97		20.63		-13.80		9.87		-9.72		16.87		17.97		23.72		14.93		-9.73		0.30		10.59		3.97		0.37		42.03		17.61		36.57		17.35

		b1		7.75		-15.84		-11.19		-0.39		-4.92		-34.38		15.67										49.40		66.23		42.47		49.37		29.37		31.63		31.77		36.23		43.77		70.93		70.55		42.97		52.41		56.43		68.90		53.60		60.10		49.97		40.31		42.60		47.80		49.69		61.96		38.86								15.67		-12.20		7.87		7.70		13.27		12.10		13.07		4.53		-3.73		-34.38		-24.72		-12.10		5.79		-22.73		-12.63		-22.20		-22.72		-9.34		-3.52		-9.17		10.90		-14.76		-2.89		5.17

		b2		31.29		-8.61		-13.73		20.94		7.47		-27.83		46.00										37.66		35.43		32.73		32.97		35.73		40.69		38.07		41.19		67.11		52.90		51.23		59.72		55.53		41.21		50.60		46.19		54.00		61.46		71.26		50.33		42.48		58.03		31.10		44.07								46.00		13.57		27.43		22.37		28.50		41.14		33.93		37.37		-26.39		-20.73		8.73		3.66		-21.97		5.31		-13.53		-3.96		-27.83		3.96		-24.78		-6.27		25.00		7.76		38.77		12.22

		b3		2.99		5.26		10.35		19.31		9.48		-23.93		30.70										32.41		61.28		46.43		40.57		44.33		47.22		34.07		58.58		46.00		26.72		34.47		22.07		45.21		31.90		37.24		31.60		25.55		31.60		30.72		29.73		28.34		23.60		37.63		31.30								17.17		-23.93		3.83		15.25		-0.83		15.22		7.97		-10.77		-8.30		21.03		3.63		11.23		-7.10		13.50		4.79		3.30		1.34		8.03		10.31		21.70		15.69		30.70		14.23		16.63

		b4		31.35		10.28		11.74		35.05		22.10		-5.07		48.23										40.72		47.28		44.33		45.85		31.50		41.10		36.80		42.18		29.93		34.24		33.77		37.90		25.70		23.54		27.00		40.74		26.40		46.69		38.93		44.36		18.80		39.68		34.67		34.20								30.28		39.34		19.07		28.96		31.83		33.72		35.07		32.50		1.70		4.90		26.27		-5.07		21.13		21.25		9.80		2.22		23.37		12.31		1.13		10.14		48.23		14.89		32.47		44.60

		average		22.51		-2.03		1.99		18.06		10.14		-24.23		37.40

		min		-23.93		-37.10		-27.83		-25.48		-28.59		-37.10

		max		46.00		33.48		40.97		48.23		42.17				48.23
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