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This report summarizes the results of listening tests carried out by Nortel in support of the Adaptive Multi-Rate (AMR) Wideband codec characterization.  Nortel was responsible for Experiment 4.  A description of the recording process for source material prepared at Nortel is provided, and the results of the Nortel tests are presented in tabular form, comparing means obtained for candidates over the various test cases, and with means, standard deviations, and confidence interval of ratings by condition number.  Results of specific comparisons required for Experiment 4 are also reported.
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Summary of deliverables for contract

This report is the final deliverable to ETSI for subjective testing conducted by Nortel Networks under contract to ETSI as part of the 3GPP TSG-S4 AMR Wideband characterization program.  This document describes the method of preparing source material supplied by Nortel for these tests, and the execution and results of Experiment 4 completed with processed material provided by the host labs.  Electronic copies of the data have been forwarded to the committee. 

Nortel was responsible for carrying out Experiment 4.  The test was conducted in accordance with the test plan (Tdoc S4-010307), with the minor exceptions noted below.  To complete these experiments, Nortel supplied source material to the host lab for processing through the various conditions.  The processed material was returned to Nortel, and data were gathered from 24 listeners.  Groups of listeners heard the samples in the various orders as required by the test plan

The results were provided electronically to the coordinator for global analysis and for distribution to the committee members and to the other test labs over the reflector. 

Test procedure as conducted at Nortel

Preparation of source material

The source material used in these recordings was prepared in-house to high quality standards.  The recording method is described in detail below.  Source speech from our laboratory has been used in many standardization and interworking tests conducted by TIA, ITU, and ETSI.  

Recording equipment.    The equipment making up the recording circuit included an AKG model #460B studio microphone equipped with microphone element 
#CK 61-ULS, a Symetrix model #SX202 pre-amplifier, and an Ariel model 656 ‘ProPort’ stereo audio-to-DSP port interface unit.  The pre-amp was co-located with the microphone in the recording booth, and balanced output from the pre-amp fed the A/D converters outside the booth.  A "Popper Stopper" windscreen was placed between the talker's mouth and the microphone to eliminate artifacts in the recordings.  The microphone internal filter was set to 70 Hz to reduce any residual noise ‘rumble’ from air-conditioning equipment. 

The recordings were made using a 16-kHz sampling rate using the anti-aliasing filter internal to the ProPort.  The frequency response was flat between 75 Hz and 7.5 kHz; the upper cut-off was determined by the anti-aliasing filter.

The recording level was set to achieve the maximum signal-to-noise ratio with no amplitude clipping allowed for the duration of the speech file.  The computer notified the operator if clipping was detected in the sample, in which case the talker was asked to do a second take.  

The digital signal from the ProPort was sent to an Ariel DSP96002 DSP board resident in a Pentium computer.  The speech data was copied to the Pentium hard drive.  

Recording conditions.    Talkers were all native speakers of English from eastern Ontario.  Talkers were selected for the ability to read aloud, and were coached to read the sentences fluently, with natural (not dramatic) inflection.  

The talker was seated in a double-walled sound-attenuating chamber with an ambient noise level of 19 dBA.  The interior of the chamber was treated with Sonex foam to control reverberation.  Text to be spoken was presented to the talker using an LCD display to avoid problems with rustling paper.  The microphone was placed about 8 inches from the talker's mouth, with the windscreen at about 4 inches. 

The operator monitored each utterance, and requested a re-take in the event the sample was not acceptable.  Acceptable samples were properly articulated, not subject to amplitude clipping or temporal clipping by the recording process, and free of artifacts such as mouth noise (e.g., whistles, pops) and background noise.  

Editing and pre-processing of recorded samples.    The recorded sentences were edited to standardize the leading and trailing silence around each sentence, and equalize the speech power across the individual sentences.  Following equalization, files were concatenated to create two-sentence samples.  Because of the variation in sentence material, the samples varied in duration, but the samples were padded out to 8 sec using recordings of the ambient noise in the chamber through the recording circuit.

Pre-processing of the input samples with the P.341 filter was completed by Nortel.  The pre-processed samples were then provided to the host lab for further processing.

Playback conditions:  Variances from the test plan

Playback conditions were exactly as described in the test plan, with the following exception:

Presentation of the samples was made over one channel of AKG stereo headphones, with the live transducer on the listener's telephone ear.  The samples were filtered with a flat 50-7000 Hz anti-aliasing filter.  Cool-Edit 96 software was used to construct the filter.  The opposite ear was occluded, not open as is stated in the test plan.  To compensate, the Hoth Spectrum background noise was presented through the non-live transducer.  

Results

Appendix A contains the complete table of summary statistics.

MNRU results

The MNRU results are shown in Table 1. 

Table 1

MNRU results from experiment 4

Condition
dBQ value
MOS 

1
45
4.76

2
37
3.78

3
29
2.77

4
21
1.89

5
13
1.30

6
5
1.00

Verification of requirements and objectives

Performance of VAD/DTX/CNG Algorithm (DCR):

A t-test was performed between the means of Condition 18 (C/I 15 dB, VAD off) and Condition 34 (C/I 15 dB, VAD on).  The t-test was not significant (t=0.099, ns).  Condition 18 (C/I 15 dB was compared to the reference G.722-48 using the 10% PoW criterion.  The T value was less than the critical value of 3.416 (T=0.3386).  

Therefore, files using VAD in the processing were rated no worse than samples without VAD.  This result supports the conclusion that the VAD operation is transparent to the listener.

Appendix A

Table of means, standard deviations, confidence intervals and frequency 
distribution of ratings, presented by condition number

Experiment 4: 
Summary statistics by condition number
 
 
 
Confidence Interval
Frequency Distribution
 
 
 

Condition
Mean 
STD
Upper
Lower
1
2
3
4
5
Total
%PoW
%GoB

1
4.76
0.48
4.86
4.66
0
0
2
19
75
96
0
98

2
3.78
0.90
3.96
3.60
1
5
30
38
22
96
1
63

3
2.77
0.88
2.95
2.59
3
37
39
13
4
96
3
18

4
1.89
0.61
2.01
1.77
23
62
10
1
0
96
24
1

5
1.30
0.55
1.41
1.19
71
21
4
0
0
96
71
0

6
1.00
0.00
1.00
1.00
96
0
0
0
0
96
96
0

7
4.79
0.43
4.88
4.70
0
0
1
18
77
96
0
99

8
4.61
0.64
4.74
4.48
0
1
5
24
66
96
0
94

9
4.44
0.72
4.58
4.30
0
0
13
28
55
96
0
86

10
3.89
1.07
4.10
3.68
2
9
22
28
35
96
2
66

11
4.19
0.93
4.38
4.00
1
4
16
30
45
96
1
78

12
3.91
1.08
4.13
3.69
4
5
21
32
34
96
4
69

13
4.51
0.77
4.66
4.36
0
3
7
24
62
96
0
90

14
4.20
1.04
4.41
3.99
2
6
14
23
51
96
2
77

15
4.42
0.79
4.58
4.26
1
2
6
34
53
96
1
91

16
3.96
1.05
4.17
3.75
3
5
21
31
36
96
3
70

17
4.76
0.50
4.86
4.66
0
0
3
17
76
96
0
97

18
4.50
0.75
4.65
4.35
0
2
9
24
61
96
0
89

19
4.47
0.86
4.64
4.30
1
4
5
25
61
96
1
90

20
4.34
0.87
4.51
4.17
1
3
10
30
52
96
1
85

21
4.66
0.74
4.81
4.51
1
2
3
17
73
96
1
94

22
4.43
0.84
4.60
4.26
1
4
4
31
56
96
1
91

23
4.56
0.71
4.70
4.42
0
2
6
24
64
96
0
92

24
4.44
0.93
4.63
4.25
3
1
8
23
61
96
3
88

25
4.42
0.83
4.59
4.25
2
1
6
33
54
96
2
91

26
4.00
1.02
4.20
3.80
1
7
22
27
39
96
1
69

27
4.51
0.77
4.66
4.36
0
3
7
24
62
96
0
90

28
3.98
0.91
4.16
3.80
2
2
22
40
30
96
2
73

29
4.48
0.79
4.64
4.32
1
3
3
31
58
96
1
93

30
4.14
0.94
4.33
3.95
1
6
12
37
40
96
1
80

31
4.33
0.85
4.50
4.16
1
2
12
30
51
96
1
84

32
3.89
1.07
4.10
3.68
3
7
22
30
34
96
3
67

33
4.68
0.55
4.79
4.57
0
0
4
23
69
96
0
96

34
4.51
0.70
4.65
4.37
0
0
11
25
60
96
0
89

35
4.45
0.83
4.62
4.28
1
3
6
28
58
96
1
90

36
4.36
0.81
4.52
4.20
0
4
8
33
51
96
0
88

37
4.66
0.75
4.81
4.51
1
3
1
18
73
96
1
95

38
4.51
0.74
4.66
4.36
1
1
5
30
59
96
1
93

39
4.58
0.75
4.73
4.43
0
3
6
19
68
96
0
91

40
4.34
0.84
4.51
4.17
1
3
8
34
50
96
1
88

Nortel Results




