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1. Introduction
Dynastat performed a single listening test, Experiment 1-1 (Monaural/Bit-rate), in accordance with the test plan for the characterization of the 3GPP Audio Codecs [1]. The test plan specified the experimental design, methodology, and test procedures for conducting the test. Dynastat received the processed files from the Host Laboratory, conducted the test, and delivered raw subjective data to the Global Analysis Laboratory. In conducting the test, Dynastat complied with all of the test methods, procedures, and schedule specified in the test plan.

2. Experimental Design
2.1. Test Method

The test procedure followed that of the “Multiple Stimulus with Hidden Reference and Anchors” or MUSHRA method [2] for the subjective assessment of intermediate audio quality.

Subjects were presented with a series of trials, each corresponding to a different item from the set of audio items selected for the tests. In each trial, the subject was presented with the open reference version of the item as well as a set of test signals to be graded. 

The test signals consisted of two codecs at different bit rates, two anchors, and a hidden copy of the open reference for a total of ten test signals. The anchors were bandwidth-limited versions of the unprocessed reference signal and were defined as 3.5 kHz Low-pass and 7.0 kHz Low-pass by the test plan [1]. The test conditions included the codecs AMR-WB+ and EAAC+ at bit rates of 10, 16, and 20kbps. A low complexity version of the AMR-WB+ codec at 10kbps was also included. 

An in-house MUSHRA presentation and data collection interface program was used for this effort. A sample MUSHRA presentation screen for the Dynastat proprietary interface is shown in Figure 1. The Dynastat MUSHRA interface program complies with the specifications contained in the MUSHRA standard. 

The open reference was shown on one button followed spatially by buttons, labelled A through J, for the signals to be graded. The grading scale varied from 0 to 100 in unit steps and grades were recorded by adjusting the slider associated with each button. The MUSHRA presentation program allowed clean switching among all of the signals even during play-back. Both the order of presentation of the trials and the allocation of the signals to the buttons (A through J) were independently randomized for each subject.

Dynastat received the processed audio files from the Host Lab. The corpus of audio materials included 12 test items, four items for each of three classes of audio content - Speech-only, Music-only, Mixed speech and music content.  Also included were four training items - one Speech-only, one Music-only, and two Mixed-content.
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Figure 1: Sample Presentation Screen for the Dynastat MUSHRA Interface Program.

2.2. Training phase

Prior to the actual grading of the test signals, a training phase was conducted in which the test subjects were familiarized with the testing methodology and testing environment. The training phase adhered to the same MUSHRA methodology as the grading phase, but was limited to four trials.  Subjects were provided with written instructions prior to participating in any experiment.

2.3. Grading phase

Each listener received a different randomized presentation sequence of items and signals within items. The grading phase was preceded by the training phase and was separated from the training phase by a forced rest break. In order to mitigate the effects of fatigue, subjects were required to take two additional rest breaks during the test session -- one after each group of four test items. In addition, the tests were self-paced so subjects could take additional breaks if they wanted.

2.4. Listening panels

Twenty subjects were selected from Dynastat’s pool of expert listeners for the MUSHRA experiment. All were under the age of 45 and had previous experience with the MUSHRA task or with other critical listening subjective experiments. Fifteen listeners passed the Dynastat performance criteria for inclusion in the experiment based on statistical measures of self-consistency as well as the ability to track the embedded anchors and hidden reference. Ten of the subjects were male, five were female. Average age of the fifteen listeners in the listening panel was 28.5 years.

2.5. Listening environment

The tests were performed in individual sound isolation booths at Dynastat in Austin, Texas, USA. Each booth met the requirements specified in the test plan [1]. The audio materials were presented over Sennheiser HD-600 open-back circum-aural headphones. The audio level was set by the subject at the beginning of the training phase and further level adjustments were not permitted during the test session. The audio files were stored on a Windows 2000 workstation which had a digital interface board (Lynx One Studio). This board was connected to an external Lucid DA9624 digital-to-analog converter and presented over the headphones. 

3. Results

Table 1 shows summary results (Means, Standard Deviations, and 95% Confidence Intervals) for the conditions evaluated in MUSHRA Exp. 1-1 (Monaural/Bit-rate). All results are based on 180 MUSHRA votes (15 subjects x 12 items). Figure 2 presents the summary scores graphically. 

Table 1. Summary results for MUSHRA Experiment 1-1 (Monaural / Bit-rate)
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Fig 2. Summary results for MUSHRA Experiment 1-1 (Monaural / Bit-rate)
Table 2 shows MUSHRA mean scores for the test conditions by class of audio signal. Figure 3 illustrates those results graphically. Results shown in Table 2 and Fig. 3 are based on 60 MUSHRA votes (15 subjects x 4 items).

Table 2. MUSHRA Results for Test and Reference Conditions by Audio Content
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Fig. 3  MUSHRA Results for Test and Reference Conditions by Audio Content.
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