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1. Introduction 
This contribution presents results from a comparison of scores derived from the Head Acoustics 3Quest Objective model and scores from the ITU-T P.835 [1] subjective testing methodology. Results are presented from an evaluation that included 24 commercially available mobile handsets (11 CDMA and 13 UMTS) tested in two noise conditions, car noise and traffic noise. In the study reported here, Metrico Wireless acted as the host laboratory and processed the speech samples and performed the objective measurements.  Dynastat acted as the listening laboratory and conducted the P.835 test.
2. The Objective test – 3QUEST
3QUEST is an optional calculation method for the ACQUA acoustic test system which allows for the objective speech quality evaluation of telecommunication terminals. The algorithm is based on the ETSI standard EG 202 396-3 [2] which covers both wideband and narrowband scenarios including background noise. The measurements presented in this contribution will be limited to narrowband.
2.1. Objective Test Procedures
The test methodology for both the 3QUEST Objective test method and the P.835 Subjective test method are similar in that recordings, taken from the same environment and conditions, are presented to the live listening panel for P.835 subjective evaluation and also scored using 3QUEST’s objective analysis.
The test environment utilized a B&K Head and Torso Simulator system (HATS, ITU-T P.51 [3], P.57 [4]) positioned within a semi-reverberant sound room and surrounded by 4 loudspeakers. Mobile handsets mounted to the HATS established a voice call via a Rohde & Schwarz base station simulator utilizing an AMR 12.2 codec (GSM) or an EVRC 8K codec (CDMA) depending on the technology of the device.
Each handset was tested in succession in each of two noise environments. The background noise was played through the loudspeaker system simultaneously with the speech stimulus being sourced via the mouth simulator of the HATS system. 
Each uplink speech signal (send direction) was recorded and stored for subsequent scoring.   
2.2. Noise Stimulus
Two noise distractors were studied in this experiment. One noise distractor was comprised of equalized car noise at a level of 68.6 dBA SPL at the MRP reference 20 UPa (Fullsize_car1_130kmh_binaural.wav). The second noise distractor was comprised of equalized traffic noise at a level of 69.4 dBA SPL at MRP (Outside_Traffic_crossroads_binaural.wav). The noise loudspeakers used to present both noise distractors were equalized from 100 Hz to 10 kHz per ETS 202 396-1 [4]. 
2.3. Sound Environment
The sound room dimensions were 3.05 x 3.05 x 2.08 meters (120 x 120 x 82 inches).  The HATS was located at the center of the room with a 1.8 meter distance to the front panel of each loudspeaker.  
2.4. Speech Stimulus
The Lombard effect was enabled for both experiments. The artificial mouth speech level was equalized and had a level of -1.7dB Pa at the MRP.  The speech source for the 3QUEST was the standard stimulus of mixed American and British English with four talkers (two males, two females), and two speech samples per talker. The speech source for P.835 was comprised of narrow band Harvard sentences of 4 second duration with four talkers (two males, two females), and eight speech samples per talker.

3. The Subjective test – P.835 
Dynastat conducted the subjective test using the ITU-T Rec. P.835 [1] subjective test methodology. 
3.1. ITU-T P.835 Subjective Test Method 
The P.835 test method was designed to evaluate speech quality in systems and devices involving Noise Suppression. For each trial in a P.835 test, subjects hear the same short speech sample three times. On the first presentation of the sample, the subject attends only to the Speech Signal and rates the sample on a five-point scale of Speech Signal Distortion. On the second presentation of the sample, the subject attends only to the Background Noise and rates the sample on a five-point scale of Background Intrusiveness. On the third presentation of the sample, the subject rates the overall sample 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 as those used in the ITU-T Rec. P.800 Rec. Absolute Category Rating (ACR) method [2]. Average ratings in the ACR task are known as the Mean Opinion Score (MOS). In P.835, the process of requiring subjects to rate the Signal and Background separately before making their judgments of Overall Quality is designed to lead subjects to integrate the effects of both Speech Signal Distortion and Background Intrusiveness in their ratings of Overall Quality. This process effectively reduces the subject’s uncertainty as to which aspects of the sample they should consider in making their judgments of Overall Quality and results in OVRL values that are more reliable than the MOS values obtained with the ACR. Table 1 shows the three rating scales used in the P.835 test method.
Table 1 Rating Scales used in the P.835 Subjective Test[image: ]
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, SIG and BAK scores provide valuable diagnostic information.
3.2. Subjective Test Procedures
Dynastat provided Metrico with a Source Speech database that included four talkers, two males and two females, and eight speech samples per talker. Each talker was a native speaker of North American English. Each sample was 4 sec duration and included a single Harvard Sentence of approximately 2.2 sec of active speech. Metrico delivered processed speech files for each of 24 test devices under two noise conditions, car noise and traffic noise. 
In addition to the 48 test conditions, Dynastat included 12 reference conditions that are standard for P.835 tests. These reference conditions are a combination of MNRU and Background Noise. The MNRU processing provides different levels of Speech Signal Distortion (SIG) and Background SNR provides different levels of Background Noise Intrusiveness (BAK). The reference conditions provide the listeners a frame of reference in two dimensions – SIG and BAK. 
The processed speech materials were presented to eight panels of four listeners each (32 listeners total) in a partially-balanced, randomized-blocks experimental design. 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 of the eight listening panels heard a different randomized presentation order of 240 trials, 60 conditions x 4 talkers. The listening test was run in five sub-sessions, separated by rest-breaks where Session 1 included Orientation, Instructions, and a Practice block of 10 trials and Sessions 2-5 each included a Test block of 60 trials each. 

1. 
2. 
3. 
3.1. 
3.2. 
3.3. Listening Instrument
The listening test was performed in a sound isolation booth at Dynastat which meets the minimum requirements specified in the P.800 standard for listening rooms. The speech materials were presented monaurally over Sennheiser HD-25 supra-aural, closed-back headphones at a level of 79dB SPL at the ear reference plane. The other ear was uncovered and a Hoth noise background was maintained in the sound booth at 30dB SPL. 
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. The subjects were required to read the printed instructions for the test method and were then presented 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. 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 was equipped with a personal computer system for presentation of the rating scale and collection of listener ratings.

4. Test Results
Table 2 shows the test results for the P.835 subjective test and the 3QUEST objective test for the 24 Mobile Devices for each of the two noise conditions, Car and Traffic.
[bookmark: _Toc305743217]Table 2.  Test Scores for 24 Mobile Devices for Two Noise Conditions [image: ]

Table 2 shows Mean scores for the three P.835 scores, OVRL, SIG, and BAK and the three corresponding 3QUEST objective predictions, G-MOS, S-MOS, and N-MOS, respectively. Each of the P.835 scores is based on 128 votes - 32 subjects voting on samples from four talkers where each sample is a single Harvard sentence. Each of the 3QUEST scores is based on the objective analysis of four samples – one sample from each of four talkers where each sample is a pair of Harvard sentences. It should be noted once again that the source speech materials were different for the two test methodologies. 
4.1.  Correlation Between Subjective and Objective Scores
Table 3 shows values of Pearson’s Correlation Coefficient for each pair of corresponding subjective and objective score. Correlations are shown separately for the two noise conditions (n = 24) and combined over the two noises (n = 48). For the separate noise conditions, the correlations are low for the OVRL vs. G-MOS and SIG vs. S-MOS comparisons but relatively high for the BAK vs. N-MOS. These values are only shown for comparison and the remainder of this contribution will address the scores based on both sets of noise conditions. The table also shows values of the Coefficient of Determination (CoD) for each pair of scores for the combined noise conditions. The COD is a measure used in statistical model analysis to assess how well a model explains and predicts future outcomes. It is indicative of the level of explained variability in the model. The CoD (computed as the square of the correlation), is used as a guideline to measure the accuracy of the model. For the BAK vs. N-MOS comparison, the correlation is fairly high, r = 0.888. Since N-MOS is an objective prediction of the BAK subjective score, the COD indicates that  almost 80% of the variance in BAK is explained by the N-MOS prediction. The corresponding values for the other two comparisons are substantially lower. For the OVRL vs. G-MOS comparison the correlation is 0.642 indication that 41% of the variance is explained by the relationship. For the SIG vs. S-MOS comparison the correlation is 0.420 indicating that only 18% of the variance is explained by the relationship.
Table 3.  Correlation Between Subjective and Objective Scores[image: ]

4.2. Regression analyses
Figures 1, 2, and 3 show scatter-plots for the three pairs of subjective and objective scores addressed in this contribution -- Fig. 1 for OVRL/G-MOS, Fig.2 for SIG/S-MOS, and Fig.3 for BAK/N.MOS. The blue triangle symbols () in each plot represent the actual values and the red square symbols () represent predicted values based on linear regression. The Standard Error of the Estimate (Sy.x) from the regression analysis provides a measure of the accuracy of the predictions based on the observed relationship between the plotted variables. 
Based on the OVRL/G-MOS linear regression, Sy.x = 0.477. and the accuracy of prediction (p<0.05) is ±0.935. The corresponding values for SIG are Sy.x  = 0.415, and accuracy = ±0.813; and for BAK,  Sy.x  = 0.344, and accuracy = ±0.675. The curvilinear relationship between BAK and N-MOS indicates that the accuracy of prediction could be improved by using a 2nd order regression, but there is no evidence that higher-order regressions would improve the accuracy of prediction for either OVRL or SIG. In any event, that is beyond the scope of this contribution.

  [image: ]         [image: ]
Fig.1 Scatter-plot of P.835 OVRL and 3QUEST G-MOS      Fig.2 Scatter-plot of P.835 SIG and 3QUEST S-MOS

[image: ]
Fig.3 Scatter-plot of P.835 BAK and 3QUEST N-MOS
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