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1. Introduction

This report provides the results of two subjective tests requested by Nokia and conducted at Dynastat for the 3GPP/SA4 work item Ext.ATS. The tests were conducted according to the test plan described in Tdoc S4-120274, Common subjective testing framework for validation of P.835 test predictors [1].
2. Method and Procedures

1.1. P.835 Subjective Testing Methodology

The P-835 test methodology, described in ITU-T Rec. P.835 [2], was used to evaluate the speech quality of the test conditions. For each trial in a P.835 test, subjects hear three sub-samples of the condition under test. For the first sub-sample, the subject attends only to the Speech Signal and rates the test condition on a five-point scale of Signal Distortion. For the second sub-sample, the subject attends only to the Background Noise and rates the test condition on a five-point scale of Background Intrusiveness. For the third sub-sample, the subject rates the test condition on a five-point scale of Overall Quality. The three rating scales are shown in Table 1. The Overall Quality rating scale uses the same scale descriptors used in the MOS. The process of requiring naïve listeners to rate the Signal and Background before making their judgments of Overall Quality is designed to condition the listeners so that they integrate the effects of both Signal and Background in their ratings of Overall Quality.

Table 1.  Rating Scales used in the P.835 Subjective Test Methodology
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The P.835 test methodology yields separate measures of Signal Quality (SIG), Background Quality (BAK), and Overall Quality (OVRL). In general, OVRL scores are highly correlated with MOS but the OVRL rating scale provides greater sensitivity and precision in test conditions involving background noise. While the OVRL score is of primary interest, the SIG and BAK scores can also provide valuable diagnostic information. 

1.2. Experimental Design

The P.835 tests were conducted according to specifications in the test plan [1]. Each of the two tests evaluated the performance of six hand-set devices, each device under eight background noise conditions. The tests were organized using the partially-balanced/randomized-blocks experimental design described in ITU-T Handbook of subjective testing practical procedures [3]. In addition to the 48 test conditions, 12 P.835 reference conditions were also included in each test. These references conditions are described in the P.835 standard [2] and specified in the Test Plan [1]. The reference conditions are designed to provide the listeners with frames of reference in two dimensions, speech-signal distortion and background intrusiveness.

The source speech database included four talkers, two males and two females, with four speech samples per talker. Each sample consisted of three sub-samples, where each sub-sample was the same Harvard Sentence of four seconds duration. Dynastat assembled four pseudo-random presentation sequences of the speech samples. Each sequence or “randomization” involved four sentence-triads for each condition involved in the experiment, one sentence-triad for each of the four talkers, for a total of 240 trials. Conditions, talkers, and sentence-triads were partitioned among the randomizations according to the partially-balanced/randomized-blocks experimental design.

For each test Dynastat recruited four panels of eight naïve subjects each -- 32 subjects total. Each listening panel was presented with one of the eight randomizations. Each subject was a native speaker of North American English and no subject had participated in a listening test in the previous three months. Each subject participated in only one of the two tests.

1.3. Listening Instrument

The listening test was performed in a sound isolation booth at Dynastat which met the minimum requirements specified in ITU-T Rec. P.800 [4]. The speech materials were presented diotically over Sennheiser HD-25 supra-aural, closed-back headphones at a level of 73dB SPL at the ear reference plane in each ear.

The speech files were stored on a Windows XP Pro workstation which included a digital audio interface board (Lynx One Studio). This board was connected to an external Lucid DA9624 digital-to-analog converter which fed the headphones. Calibration of the headphones used a B&K 4153 Artificial Ear with circumaural headphone adaptor, 4134 Microphone element, and 2609 Measurement Amplifier. Each listening station in the sound room included a PC monitor for presentation of the rating screen and a keyboard for data entry. 

1.4. Listening Sessions

Prior to the experiment, the subjects were required to read printed instructions for the P.835 test method and were then shown a Power-point presentation that illustrated the task and the instructions. Subjects then participated in a set of preliminary test trials to familiarize them with the test equipment and procedures and the range of test conditions involved in the experiment. The test session for each listening panel was separated into four blocks of 60 trials each and separated by rest-breaks.

3. Test Results

Table 2 shows summary scores for the 48 Test conditions (6 devices x 8 noises) and 12 P.835 Reference conditions evaluated in Exp.1. Means and Standard Deviations are shown for each test and reference condition for each of the three P.835 scores – SIG, BAK, and OVRL. For the OVRL score, 95% Confidence Intervals are also shown, Means, Standard Deviations, and Confidence Intervals are based on 128 votes (32 listeners x 4 talkers). Table 3 shows the corresponding scores for Exp.3.
Figures 1a-1c show score profiles for three sets of the P.835 Reference conditions. Figure 1a shows the P.835 score profile for the reference conditions in which there is no background noise but the speech has been subjected to various levels of impairment due to “Noise suppression-like” distortion. In Fig.1a the BAK score remains relatively constant but the SIG and OVRL scores decrease monotonically with increase in “NS-Level” distortion. Figure 1b shows the P.835 score profile for the reference conditions in which there is no “NS-Level” processing but background noise has been added at various Speech-to-Noise ratios (SNR). In Fig.1b the SIG score remains relatively constant but the BAK and OVRL scores decrease monotonically with decrease in SNR. Figure 1c shows the profiles when NS-Level distortion and Background SNR are varied together – the three scores, SIG, BAK, and OVRL are correlated. Figures 2a-2c show corresponding scores for Exp.2.

Table 2. Summary P.835 Scores for Exp.1
[image: image2.emf]File Device Noise Mean Stdev LCI-95% UCI-95% Mean Stdev Mean Stdev

a01 A Pub 3.09 0.82 2.94 3.23 4.09 0.83 2.58 0.84

a02 A Road 3.01 0.80 2.87 3.15 3.73 0.88 2.63 0.82

a03 A Crossroad 3.34 0.83 3.20 3.49 3.81 0.87 3.24 0.87

a04 A Train 3.42 0.82 3.28 3.56 3.95 0.95 3.23 0.85

a05 A Car 3.66 0.81 3.52 3.80 3.99 0.85 3.58 0.75

a06 A Café 3.39 0.77 3.26 3.52 4.05 0.78 3.09 0.84

a07 A Mensa 3.61 0.76 3.48 3.74 4.08 0.84 3.42 0.81

a08

A Office

3.95 0.78 3.81 4.08 4.19 0.76 4.14 0.84

b01 B Pub 3.18 0.80 3.04 3.32 4.29 0.79 2.40 0.84

b02 B Road 3.15 0.80 3.01 3.29 3.88 0.87 2.74 0.83

b03 B Crossroad 3.57 0.70 3.45 3.69 4.20 0.71 3.27 0.80

b04 B Train 3.53 0.76 3.40 3.66 4.18 0.73 3.15 0.91

b05 B Car 3.87 0.75 3.74 4.00 4.31 0.79 3.72 0.70

b06 B Café 3.43 0.77 3.30 3.56 4.27 0.76 3.02 0.91

b07 B Mensa 3.85 0.75 3.72 3.98 4.50 0.63 3.47 0.83

b08

B Office

4.12 0.68 4.00 4.24 4.59 0.61 3.86 0.71

c01 C Pub 3.40 0.75 3.27 3.53 4.20 0.82 2.95 0.87

c02 C Road 3.21 0.80 3.07 3.35 3.82 0.93 2.92 0.79

c03 C Crossroad 3.93 0.73 3.80 4.06 4.24 0.72 3.85 0.81

c04 C Train 3.73 0.78 3.60 3.87 4.09 0.80 3.66 0.87

c05 C Car 3.89 0.77 3.76 4.02 4.15 0.76 3.98 0.72

c06 C Café 3.53 0.81 3.39 3.67 4.25 0.76 3.23 0.98

c07 C Mensa 3.86 0.76 3.73 3.99 4.35 0.75 3.66 0.93

c08

C Office

4.05 0.75 3.92 4.18 4.59 0.61 3.90 0.81

d01 D Pub 3.14 0.78 3.01 3.28 4.30 0.68 2.53 0.83

d02 D Road 3.11 0.72 2.98 3.23 3.77 0.82 2.86 0.82

d03 D Crossroad 3.57 0.82 3.43 3.71 3.94 0.89 3.53 0.85

d04 D Train 3.53 0.78 3.40 3.67 4.15 0.74 3.23 0.92

d05 D Car 3.78 0.73 3.65 3.91 3.92 0.90 3.91 0.67

d06 D Café 3.38 0.79 3.24 3.51 4.33 0.72 2.87 0.94

d07 D Mensa 3.74 0.73 3.61 3.87 4.54 0.63 3.31 0.84

d08

D Office

3.86 0.72 3.73 3.98 4.56 0.61 3.59 0.88

e01 E Pub 2.70 0.76 2.56 2.83 4.34 0.79 1.91 0.71

e02 E Road 2.88 0.81 2.73 3.02 4.02 0.83 2.31 0.87

e03 E Crossroad 3.23 0.76 3.10 3.36 4.17 0.78 2.81 0.76

e04 E Train 3.24 0.81 3.10 3.38 4.22 0.78 2.78 1.03

e05 E Car 3.50 0.74 3.37 3.63 4.12 0.85 3.10 0.78

e06 E Café 3.09 0.80 2.95 3.23 4.27 0.84 2.59 0.87

e07 E Mensa 3.50 0.77 3.37 3.63 4.55 0.69 2.96 0.86

e08

E Office

3.66 0.80 3.53 3.80 4.58 0.64 3.18 0.89

f01 F Pub 3.11 0.80 2.97 3.25 3.97 0.82 2.75 0.78

f02 F Road 3.03 0.88 2.88 3.18 3.61 0.99 2.80 0.85

f03 F Crossroad 3.29 0.87 3.14 3.44 4.03 0.85 3.01 1.02

f04 F Train 3.15 0.91 2.99 3.31 3.96 0.90 2.87 1.11

f05 F Car 3.79 0.80 3.65 3.93 3.90 0.89 4.02 0.68

f06 F Café 3.18 0.89 3.03 3.33 4.17 0.81 2.70 1.01

f07 F Mensa 3.45 0.78 3.32 3.59 4.27 0.77 3.03 0.97

f08

F Office

3.70 0.80 3.56 3.83 4.34 0.67 3.38 0.90

File Signal Background

Mean Stdev LCI-95% UCI-95% Mean Stdev Mean Stdev

r01 Source None 4.81 0.51 4.72 4.90 4.77 0.55 4.93 0.44

r02 Source SNR  36dB 4.19 0.67 4.07 4.30 4.74 0.51 3.88 0.75

r03 Source SNR  24dB 3.57 0.75 3.44 3.70 4.59 0.63 2.88 0.87

r04 Source SNR  12dB 2.76 0.95 2.59 2.92 4.48 0.82 2.02 0.91

r05 Source SNR  0dB 1.65 0.68 1.53 1.77 3.66 1.31 1.12 0.39

r06 NS Level 4 None 4.01 0.94 3.84 4.17 3.95 0.98 4.87 0.46

r07 NS Level 3 None 3.39 1.03 3.21 3.57 3.31 1.06 4.92 0.32

r08 NS Level 2 None 2.66 1.04 2.48 2.84 2.59 1.08 4.80 0.55

r09 NS Level 1 None 2.33 0.93 2.17 2.49 2.14 1.04 4.77 0.69

r10 NS Level 3 SNR  24dB 2.93 0.86 2.78 3.08 3.52 1.00 2.66 0.77

r11 NS Level 2 SNR  12dB 2.09 0.82 1.94 2.23 2.68 1.14 1.78 0.72

r12 NS Level 1 SNR  0dB 1.18 0.46 1.10 1.26 1.74 1.00 1.09 0.33

Overall

Reference Conditions Overall Signal Background

Test Conditions Signal Background


Table 3. Summary P.835 Scores for Exp.2
[image: image3.emf]File Device Noise Mean Stdev LCI-95% UCI-95% Mean Stdev Mean Stdev

a01 A Pub 3.16 0.72 3.04 3.29 4.34 0.74 2.46 0.74

a02 A Road 3.06 0.72 2.93 3.18 4.06 0.79 2.63 0.73

a03 A Crossroad 3.53 0.76 3.40 3.66 4.22 0.74 3.27 0.79

a04 A Train 3.56 0.73 3.43 3.68 4.26 0.71 3.23 0.92

a05 A Car 3.73 0.62 3.63 3.84 4.16 0.76 3.57 0.60

a06 A Café 3.63 0.61 3.53 3.74 4.33 0.78 3.30 0.80

a07 A Mensa 3.95 0.70 3.83 4.07 4.31 0.81 3.93 0.74

a08

A Office

4.43 0.62 4.32 4.54 4.55 0.61 4.70 0.53

b01 B Pub 3.45 0.70 3.33 3.57 4.17 0.69 3.13 0.79

b02 B Road 3.45 0.70 3.33 3.57 3.93 0.85 3.36 0.80

b03 B Crossroad 3.98 0.75 3.85 4.11 4.36 0.81 3.93 0.74

b04 B Train 3.91 0.77 3.77 4.04 4.23 0.80 3.87 0.85

b05 B Car 4.03 0.68 3.91 4.15 4.34 0.71 4.00 0.62

b06 B Café 3.89 0.66 3.78 4.00 4.27 0.76 3.80 0.67

b07 B Mensa 3.98 0.69 3.86 4.10 4.28 0.78 4.09 0.75

b08

B Office

4.56 0.57 4.46 4.65 4.63 0.53 4.66 0.58

c01 C Pub 2.64 0.70 2.52 2.76 3.31 0.99 2.32 0.72

c02 C Road 2.56 0.71 2.44 2.69 3.01 0.99 2.66 0.77

c03 C Crossroad 3.06 0.84 2.91 3.20 3.28 1.00 3.24 0.82

c04 C Train 2.99 0.76 2.86 3.12 3.26 0.97 3.10 0.88

c05 C Car 3.26 0.72 3.13 3.38 3.38 0.92 3.70 0.68

c06 C Café 2.81 0.76 2.67 2.94 3.41 0.96 2.52 0.82

c07 C Mensa 3.09 0.73 2.96 3.21 3.55 0.96 2.94 0.74

c08

C Office

3.23 0.75 3.10 3.36 3.66 0.99 3.40 0.86

d01 D Pub 3.66 0.73 3.53 3.78 4.09 0.76 3.72 0.76

d02 D Road 3.54 0.79 3.40 3.68 3.90 0.87 3.53 0.80

d03 D Crossroad 4.15 0.67 4.03 4.26 4.28 0.75 4.47 0.61

d04 D Train 4.10 0.64 3.99 4.21 4.30 0.67 4.31 0.71

d05 D Car 4.44 0.67 4.32 4.55 4.48 0.70 4.84 0.39

d06 D Café 3.82 0.73 3.69 3.95 4.19 0.78 3.98 0.78

d07 D Mensa 3.98 0.72 3.86 4.11 4.27 0.85 3.99 0.78

d08

D Office

4.63 0.58 4.53 4.72 4.65 0.62 4.82 0.51

e01 E Pub 2.91 0.84 2.77 3.06 3.50 1.04 2.76 0.81

e02 E Road 2.92 0.72 2.80 3.05 3.48 0.95 2.78 0.80

e03 E Crossroad 3.77 0.85 3.62 3.91 3.85 0.87 4.03 0.86

e04 E Train 3.58 0.85 3.43 3.72 3.88 0.89 3.77 0.89

e05 E Car 3.79 0.93 3.63 3.95 3.71 0.95 4.69 0.56

e06 E Café 3.41 0.93 3.25 3.57 4.00 0.89 3.28 0.96

e07 E Mensa 3.73 0.71 3.60 3.85 4.31 0.75 3.71 0.80

e08

E Office

4.23 0.74 4.11 4.36 4.49 0.71 4.31 0.71

f01 F Pub 3.02 0.77 2.89 3.16 4.22 0.78 2.45 0.82

f02 F Road 2.98 0.74 2.86 3.11 3.95 0.90 2.51 0.77

f03 F Crossroad 3.40 0.87 3.25 3.55 4.09 0.90 3.22 0.97

f04 F Train 3.21 0.88 3.06 3.36 4.08 0.90 2.89 1.03

f05 F Car 3.75 0.72 3.63 3.87 4.08 0.85 3.77 0.71

f06 F Café 2.97 0.77 2.84 3.10 4.31 0.83 2.31 0.76

f07 F Mensa 3.27 0.82 3.12 3.41 4.42 0.77 2.68 0.85

f08

F Office

3.48 0.80 3.34 3.62 4.51 0.69 3.03 0.88

File Signal Background

Mean Stdev LCI-95% UCI-95% Mean Stdev Mean Stdev

r01 Source None 4.88 0.38 4.81 4.94 4.88 0.40 4.98 0.13

r02 Source SNR  36dB 3.93 0.58 3.83 4.03 4.77 0.52 3.48 0.68

r03 Source SNR  24dB 3.36 0.80 3.22 3.50 4.66 0.62 2.72 0.79

r04 Source SNR  12dB 2.45 0.74 2.32 2.58 4.52 0.78 1.82 0.68

r05 Source SNR  0dB 1.53 0.74 1.40 1.66 3.81 1.34 1.13 0.52

r06 NS Level 4 None 3.91 0.95 3.75 4.08 3.80 1.02 4.92 0.35

r07 NS Level 3 None 3.29 0.88 3.14 3.44 3.12 0.96 4.83 0.52

r08 NS Level 2 None 2.65 0.93 2.49 2.81 2.45 0.99 4.86 0.51

r09 NS Level 1 None 2.40 1.04 2.22 2.58 2.17 1.04 4.76 0.76

r10 NS Level 3 SNR  24dB 2.88 0.73 2.76 3.01 3.44 0.89 2.64 0.72

r11 NS Level 2 SNR  12dB 1.92 0.73 1.80 2.05 2.69 1.11 1.78 0.61

r12 NS Level 1 SNR  0dB 1.08 0.27 1.03 1.12 1.83 1.11 1.04 0.36

Test Conditions Signal Background Overall

Reference Conditions Overall Signal Background
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Fig.1a  P.835 Profile for Exp.1 - Speech–signal Distortion (No Noise)

[image: image5.emf]1

2

3

4

5

SNR 0 SNR 12 SNR 24 SNR 36 No Noise

P.835 Scores

SNR Car Noise

OVRL SIG BAK


Fig.1b  P.835 Profile for Exp.1 - Background Noise Intrusiveness (No NS Level)
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Fig.1c  P.835 Profile for Exp.1 - Combination of Speech Distortion and Background Intrusiveness
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Fig.2a  P.835 Profile for Exp.2 - Speech–signal Distortion (No Noise)
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Fig.2b  P.835 Profile for Exp.2 - Background Noise Intrusiveness (No NS-Level)
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Fig.2c  P.835 Profile for Exp.2 - Combination of Speech Distortion and Background Intrusiveness
Figures 3a-3f show the P.835 score profiles across the eight noise conditions in Exp.1 for Devices A-F, respectively. Figures 4a-4f show the corresponding score profiles for Devices A-F in Exp.2
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        Fig.3a  P.835 Profile for Device A in Exp.1                   Fig.3b  P.835 Profile for Device B in Exp.1
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        Fig.3c  P.835 Profile for Device C in Exp.1                   Fig.3d  P.835 Profile for Device D in Exp.1
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        Fig.3e  P.835 Profile for Device E in Exp.1                 Fig.3f  P.835 Profile for Device F over in Exp.1
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        Fig.4a  P.835 Profile for Device A in Exp.2                   Fig.4b  P.835 Profile for Device B in Exp.2
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        Fig.4c  P.835 Profile for Device C in Exp.2                   Fig.4d  P.835 Profile for Device D in Exp.2
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        Fig.4e  P.835 Profile for Device E in Exp.2                 Fig.4f  P.835 Profile for Device F over in Exp.2
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