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1.0 
Introduction 
The 3GPP-SA4 EVS sub-working group has established a work item to develop and standardize a codec for Enhanced Voice Services (EVS). The standardization effort includes three Phases: Qualification, Selection, and Characterization. In the Qualification Phase, 13 Proponent Companies (PC) submitted a candidate codec. At the conclusion of the Qualification Phase, 12 of those PCs formed a consortium (12P) to test a single candidate codec in the Selection Phase. The Selection Phase of testing was completed and the single candidate was approved as the EVS Codec. 
The EVS sub-working group then developed a test plan [1] designed to characterize the subjective speech and audio quality of the EVS codec relative to that of a number of standardized Reference codecs. Three Listening Labs (LL) were contracted to conduct subjective tests and deliver the raw voting data to the GAL. Those LLs were Delta Sense-Lab (Lab-a), Dynastat, Inc. (Lab-b) and Mesaqin.com (Lab-c). Dynastat contracted with ETSI to perform the functions of the Global Analysis Lab (GAL) as described in Annex G of the Test Plan [1]. This document presents a report on the activities of the GAL for the Characterization Phase of the EVS standardization. 

Below is a list of Key Acronyms and terms used throughout this document.

ACR

Absolute Category Rating (method)
DCR

Degradation Category Rating (method)
DMOS

Degradation Mean Opinion Score

ETSI

European Telecommunications Standards Institute

EVS

(codec for) Enhanced Voice Services

FB

FullBand

GAL

Global Analysis Laboratory

LL

Listening Laboratory

MOS

Mean Opinion Score

PC

Proponent Companies

MB

Mixed Bandwidths

Mn

Mean Score

NB

NarrowBand

REF

Reference codec

SD

Standard Deviation

SWB

Super WideBand

WB

WideBand 
12P

Consortium of 12 Proponent Companies developing a single 


candidate codec for the Characterization Phase
2.0 
Organization of the EVS Characterization Phase
The Test Plan [1] describes a total of 17 subjective Experiments and 22 subjective Tests
 where five of the Experiments are conducted by two LLs in different languages. Table 1 shows a summary of the 17 subjective Experiments involved in the EVS Characterization Test. The Experiments were organized in five groups, primarily on the basis of Bandwidth of the test-conditions: "n" for NarrowBand, "w" for WideBand, "s" for Super WideBand, "m" for Mixed Bandwidths, and "f" for FullBand. 
Table 1.   Summary of Subjective Experiments/Tests in the EVS Characterization Phase
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Bandwidth(s)

Source 

materials

Test 

Method

Listening 

Lab

Language

Noise Type 

(SNR)

Test Conditions

n1

NB

Clean Speech

ACR

Delta

FIN

-

Rate switching, tandeming, JBM

n2

NB

Noisy Speech

DCR

Dynastat

NAE2

Street (20 dB)

Rate switching.  Untested selection conditions. Tandeming.

n3

NB

Noisy Speech

DCR

Mesaqin

FRN

Street (25 dB)

High FER.  16.4 and 24.4 modes.

n4

NB

Music/mixed

ACR

Delta

DANm

-

Rate switching.  Untested selection condition.

Dynastat

NAE1

Mesaqin

CHN

Dynastat

SPN

Mesaqin

SLV

Dynastat

NAE3

Mesaqin

SLV

w4

WB/IO

Music/mixed

DCR

Dynastat

NAEm

-

Rate switching.  

VBR.

w5

WB

Clean Speech

ACR

Delta

DAN

-

Tandem.  High FER.

Delta

DAN

Dynastat

NAE1

Delta

FIN

Mesaqin

FRN

s3

SWB

Music/mixed

DCR

Dynastat

SPNm

-

Rate switching.  JBM.  Untested selection phase conditions.

m1

NB, WB, SWB

Clean Speech

DCR

Dynastat

NAE2

-

EVS (NB, WB, SWB), AMR, AMR-WB

m2

NB, WB, SWB

Noisy Speech

DCR

Delta

FIN

Car (20 dB)

EVS (NB, WB, SWB), AMR, AMR-WB

m3

NB, WB, SWB

Music/mixed

DCR

Mesaqin

CHNm

-

EVS (NB, WB, SWB), AMR, AMR-WB

f1

SWB, FB

Clean Speech

DCR

Mesaqin

GER

-

EVS (SWB, FB)

f2

SWB, FB

Music/mixed

DCR

Delta

DANm

-

EVS (SWB, FB)

17 Exps.

Rate switching.  High FER.

Car (15 dB)

DCR        

(2 tests)

22 Tests

Rate switching.  AMR-WB IO Case C.

s1

Clean Speech

Rate switching.  Channel aware mode.  Tandeming.

ACR        

(2 tests)

-

-

DCR        

(2 tests)

w1

Clean Speech

w2

SWB

SWB

WB/IO

w3

Clean Speech

s2

Noisy Speech

Rate switching.  Channel aware mode.

Noisy Speech

Rate switching.

WB

WB

-

Office (20 dB)

ACR        

(2 tests)

DCR        

(2 tests)


For each Experiment, Table 1 shows the Label, Group, Source Materials, test methodology, LL(s) conducting the Test and the test Language for the LL, Noise type (if appropriate), and a brief description of the test-conditions. The allocation of Tests to LLs resulted in Delta with 7 tests, Dynastat with 8 tests, and Mesaqin with 7 tests. 

All of the Experiments employed one of two subjective testing methodologies described in ITU-T Recommendation P.800 [3]. Those two methodologies were the Absolute Category Rating (ACR) method and the Degradation Category Rating (DCR) method. Both of the test methods use 5-point rating scales to evaluate speech and audio quality. Table 2 shows the rating scales for the ACR and DCR test methodologies.
Table 2.   Rating Scales for the Test Methodologies Used in the Experiments. [image: image2.wmf]Quality Category

Rating

Quality Degradation Category

Rating

Excellent

5

Degradation is inaudible

5

Good

4

Degradation is audible but not annoying

4

Fair

3

Degradation is slightly annoying

3

Poor

2

Degradation is annoying

2

Bad

1

Degradation is very annoying

1

ACR Rating Scale

DCR Rating Scale


3.0 
Tasks of the Global Analysis Lab

The Tasks of the GAL were specified in Annex G of the Test Plan [1]. The following sections include a statement of each Task (italicised) followed by a description of how the GAL executed and completed the task.
3.1. 
Randomization-Playlists

Provide the randomization playlists for 22 subjective tests to be described in this document. If appropriate, the playlists will be the same for the two tests of the same experiment conducted in different languages. Each LL will receive the randomization play-lists only for the experiments to be conducted by that LL. The playlists will be delivered in Excel spreadsheet format.

The following bullet points list the test-design parameters that were common for each of the 17 subjective Experiments. 

· Randomizations constructed under “partially-balanced/randomized blocks” experimental design described in the ITU-T Handbook [4]
· Speech Experiments
· 6 talkers (3 males, 3 females) 
· 5 samples/talker (1 sample for each listening panel plus 1 for preliminaries)
· Music/Mixed Content Experiments

· 6 categories (3 Music categories, 3 Mixed Content categories)
· 5 samples per category (1 sample for each listening panel plus 1 for preliminaries)
· 32 subjects, 4 listening panels with 8 subjects per panel, each panel with an independent randomization-playlist
· 192 votes for each condition (32 subjects x 6 talkers/categories)
The GAL constructed the randomization-playlists for each of the 17 Experiments using the basic design parameters in the list above plus the Condition-lists for each Experiment contained in the Test Plan [1].
The GAL provided the randomization-playlists to each LL in an Excel workbook file containing the playlists for only those tests that the LL was contracted to conduct. Each playlist was in a separate worksheet and also included columns for the LL to enter the raw voting data collected for the Test. These Excel files served the dual purpose of providing the randomization-playlists and the data-delivery files described in the following section. The GAL provided the randomization-playlists to the LLs on September 19, 2014.
1.1. 
Raw Data-Delivery Files

Provide the raw voting data delivery worksheets for the 22 subjective tests to the appropriate LLs. Each LL will receive the data delivery only for the experiments to be conducted by that LL. The worksheets will be delivered in Excel spreadsheet format.
As described in the previous section, the Excel workbook files containing the randomization-playlists also served as the raw data-delivery file for each LL. Each test was included in a separate worksheet and each LL received worksheets only for those tests the LL was contracted to conduct. Each worksheet was password-protected so that the only cells that could be changed were those containing the votes from the eight subjects within a specific listening panel. Furthermore, each data cell only allowed entry of a value that was a valid ACR or DCR rating, i.e., an integer in the range of 1-5. The worksheets reported any missing values or invalid ratings after data entry. The cross-check of the randomization-playlists also served the purpose of cross-checking the raw data-delivery spreadsheets. The GAL provided the raw data-delivery spreadsheets to the LLs on September 19, 2014.
1.1. 
Receipt of Raw Data-Delivery from the Listening Labs
Receive the raw voting data from the LLs in the appropriate data-delivery worksheets.
The three LLs delivered raw voting data for the Tests they conducted in the Data-Delivery Excel files provided for that purpose. The LLs delivered the data in several batches as the tests were completed by their LL. For each LL, all of the raw voting data was delivered to the GAL well before the October 20, 2014 deadline for delivery. The GAL verified the integrity of each set of data delivered, confirming that all data values were valid MOS/DMOS ratings, and that there were no missing values for any test. 
For each Test, the GAL computed Means and Standard Deviations for each test-condition from the data-delivery files, where each score was based on 192 votes. The GAL delivered these scores to the LL that had conducted the Test and asked the LL to cross-check the GAL-computed scores against the corresponding scores computed by the LL. For all 48 Tests, the GAL and the LLs successfully cross-checked the summary scores by Test-condition (i.e., all check-sums were zero). Taking the successful cross-check into consideration, the GAL and the  LLs agreed that the full set of Test Results for each Test would be included in the GAL Report and it was not necessary to duplicate that work in the individual LL reports.
1.2. 
Prepare the GAL Report 
Prepare a GAL report to be presented at the EVS Characterization meeting.
This document is the GAL Report to be presented at the 3GPP-SA4#81 meeting, November 3-7, 2014, in Tenerife, Spain.
4.0 
Results
4.1. Subjective Test Results by Experiment
The attached Excel file (EVS-Characterization Results.xls) contains a complete set of results for each of the subjective tests involved in the EVS Characterization Phase. The workbook file contains 17 worksheets, one for each of the 17 Experiments. Each worksheet contains the results of one or two Tests depending on the Experiment (Exps. w1, w2, w3, s1, and s2 involved two tests). Fig.1 on the following page shows a screen-shot from the Excel file for the results for an example Test (cn3).

The top row in the figure shows summary information about the Test including: Listening Lab (Mesaqin), Method (DCR), Source materials (Speech), and Language (FRN for French). Row 2 contains column headers. Rows 3-38 show the Test-condition descriptions and the Test Results for the 36 conditions involved in subjective Test cn3. Columns H/I/J show the Mean/Standard Deviation/95% Confidence Interval over all 6 Talkers (n=192 votes). Columns K/L and M/N show Mean/SD for 3 Male and 3 Female Talkers, respectively (n=96 votes). Columns O-T show Mean scores for each of the six Individual Talkers - f1, f2, f3, m1, m2, m3 (n=32 votes). 
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Fig.1   Screenshot of Subjective Test Results for an Example Test (cn3)

4.2. Comparisons of the Tests within Experiments (w1, w2, w3, s1, s2)
Table 3 Shows Means and Standard Deviations across conditions for each of the two Tests conducted within the five Experiments where two LLs/Languages were tested. In the last column on the right side of the table is the correlation of the condition Mean scores between the two Tests. In general, there is very good agreement between the two labs for the test conditions with all of the correlations ≥ 0.950. 
Table 3.   Comparison of Scores for the two Tests/LLs within Experiments.
[image: image4.wmf]Label

Method

# cond

LL

Mean

Stdev

LL

Mean

Stdev

w1

ACR

48

Dynastat

3.466

0.744
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3.570

0.622

0.950
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DCR

36

Dynastat
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w3

ACR

48

Dynastat
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Mesaqin
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0.984

s1

DCR

36

Dynastat

3.404

0.826

Delta

3.509

0.773

0.990

s2

DCR

36

Delta

3.518

1.003

Mesaqin

3.754

0.871

0.979

Test#1

Test#2

Correlation

Experiment


Annex A contains two plots for each of the five Experiments for which there were two tests conducted. The first plot shows MOS/DMOS for the MNRU Reference conditions for the two Tests within the Experiment. The second plot shows a scatter-plot of MOS/DMOS for the two tests within the Experiment.   
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Annex A - MNRU Plots and Scatter-plots for the two Tests within each Experiment for w1, w2, w3, s1, s2.
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�	Alan Sharpley	Email: asharpley@dynastat.com		Tel (mobile): +1 512 554 2732


�  A group of specific test-conditions described in the Test Plan comprises a subjective "Experiment." Each Experiment is conducted in or two Listening Labs. In this document each run of the same "Experiment" is referred to as a "Test" for that Experiment.
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