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Summary:  
This report summarises the subjective test results from BT for Experiment 7b of the AMR Wideband Characterisation Phase 1 listening tests.  The work was carried out under contract to ETSI and followed the test plan (version 1.2) detailed in Tdoc S4-010463.  The tests were carried out in British English using 24 listeners.  Fifty-six conditions were tested in total, including MNRU, direct and G.722 references. Nine different AMR modes with bit rates ranging from 6.6 kbit/s to 23.85 kbit/s, were tested in the experiment using several different downlink error patterns.
Introduction

This contribution reports on BT's subjective test results for experiment 7b of the AMR Wideband Characterisation Phase 1 listening tests.  Experiment 7b covers the effect of downlink errors under clean speech conditions in 3G (ACR), described in [1].  Brief notes on the test methodology, and comments on the experiment are given before presenting and discussing the results.

Methodology

The test methodology is detailed in [1], but for convenience the relevant features of experiment 7b are repeated here in Table 1, which is taken from [1]:

Table 1: Conditions and factors for Experiment 7b

Main Codec Conditions



Candidates
9
6.6, 8.85, 12.65, 14.25, 15.85, 18.25, 19.85, 23.05 and 23.85 kbit/s modes

Applications
1


Error Conditions
5
4 different error patterns and no errors case,

Exp. 7a and 7b will be using different EPs: 7a will use 3G uplink patterns and 7b will use 3G downlink patterns

Input level
1
Nominal (-26dBov)

Tandeming
1
single 

Input characteristic
1
P.341

Background noise
0
No background noise 

Codec references



Codec references
3
G.722-64, G.722-56, G.722-48, (all: no errors, no background noise, P.341)

Tandeming
1
Single encoding (nominal level only)

Other references



Direct
1
Nominal input level, P.341

MNRU
7
Q=6, 12, 18, 24, 30, 36 and 42 dB (all nominal input level)

Common Conditions



Radio Channels
1


Number of talkers
4
2 male and 2 female

Stimulus type

Sentence-pairs

Number of speech samples
6
4  + 2 (preliminaries) sentence pairs per talker.

Listening Level
1
79dB SPL

Listeners
24
Naïve Listeners

Groups
4
6 subjects/group

Randomisation
4
 Balanced Block Design, see annex D

Rating Scale
1
ACR, Listening Quality Scale 

Replications
1


Languages
1
Only one language will be tested per sub-experiment

Listening System
1
Monaural headphones (flat response in the audio bandwidth of interest: 50Hz-7kHz). The other ear is open.

Listening Environment

Room Noise: Hoth Spectrum at 30dBA (as defined by ITU-T, Recommendation P.800, Annex A, section A.1.1.2.2.1 Room Noise, with table A.1 and Figure A.1)

Listeners

The experiment was run using 12 pairs of listeners arranged such that 3 pairs listened to each randomised group of speech material. 
Headphones

Sennheiser HD25, 70( impedance, headphones were used by the listeners to listen to the speech material.  These headphones are closed-back supra-aural and were used for this experiment because of their ability to swing one earpiece away from the ear, which was ideal for this experiment where only one earcup was required. 

No information was given in the test plan for measuring headphone frequency response and level, so the following methods were used:

The headphone frequency responses were measured on a Bruel and Kjaer Head and Torso Simulator (HATS), with Type 3.3 pinna simulator, using a close coupled response.  This type of response (as opposed to a diffused field response (DFR)) seemed more appropriate for this type of application, and is more likely to be compatible with previous wideband tests performed in the ITU in the past.  The response was measured at the drum reference point (DRP) and then converted to the ear reference point (ERP) as this was again thought to be more comparable with previous telephony testing.  The DRP to ERP transfer function values given in P.57 were used for this conversion. The ERP frequency response of the headphones was then equalised between 50Hz and 7kHz to the test plan requirements using a low-noise third octave equaliser.   

After frequency equalisation, the headphones were calibrated to a level of 79dB SPL using a 1kHz tone at -26 dBov with a B&K 4153 artificial ear, conforming to IEC318, with a flat plate adapter and B&K 2636 measuring amplifier. 

Listening environment

As required by the test plan, 30dBA Hoth Spectrum noise was used to condition the listening environment.

Speech playback

The processed speech files were played back to the subjects via a VME computer system connected to a DAT-Link+ Digital Audio Interface under the control of a database program.  Push-button score boxes were used to collect votes from the subjects, and the votes were automatically logged on the computer.

Analysis

No statistical analysis was specified in the test plan for experiment 7b, so only the basic statistical results (means, standard deviations and confidence intervals for each condition) have been calculated.  These are shown in Table 2, and were calculated from the raw experiment data using an Excel spreadsheet.

Other comments

As in previous experiments of this nature, it was noted that the test was very long for the listeners even with breaks, and listener fatigue has almost certainly had some effect on the results. 

Results

The results for experiment 7b are shown in one table and two graphs.  Table 2 lists all the conditions with their means, standard deviations and confidence intervals. Figure 1 is a graph of the mean opinion scores for each of the MNRU conditions, and behaves as expected.  Figure 2 is a graph of the mean opinion scores for the references and all the AMR conditions.  As can be seen from Figure 2, for any given bit rate, the general trend is for the codec performance to decrease with increasing error rate.

Table 2 List of conditions with means, standard deviations and confidence intervals





MOS male talkers

MOS female talkers

All Talkers



Cond
Description
Factors
Profile
Male 1
Male 2
Fem. 1
Fem. 2
MOS
Std Dev
CI

1
Direct
-
-
4.1250
4.0417
3.7917
4.2083
4.0417
0.7802
0.1581

2
MNRU
Q=42dB
-
3.8333
4.0000
3.7083
4.1250
3.9167
0.6754
0.1368

3
MNRU
Q=36dB
-
3.1667
3.2083
3.1250
3.3750
3.2188
0.7284
0.1476

4
MNRU
Q=30dB
-
2.5833
2.5000
2.6667
2.9167
2.6667
0.7351
0.1489

5
MNRU
Q=24dB
-
1.9167
2.0000
2.1667
2.4167
2.1250
0.6844
0.1387

6
MNRU
Q=18dB
-
1.6250
1.5417
1.7500
1.6667
1.6458
0.4808
0.0974

7
MNRU
Q=12dB
-
1.3333
1.4167
1.4167
1.3750
1.3854
0.4892
0.0991

8
MNRU
Q=6dB
-
1.0417
1.0417
1.0417
1.0833
1.0521
0.2234
0.0453

9
G.722-64
Nominal, no errors
-
3.7917
3.4583
3.2917
3.7083
3.5625
0.8803
0.1784

10
G.722-56
Nominal, no errors
-
3.5417
3.4167
3.2917
3.7083
3.4896
0.8460
0.1714

11
G.722-48
Nominal, no errors
-
3.2083
2.9167
2.9167
3.3333
3.0938
0.7410
0.1501

12
Mode 0 (6.6 kbit/s)
Nominal, no errors
-
3.0417
3.0833
2.9583
3.0417
3.0313
0.7175
0.1454

13
Mode 0 (6.6 kbit/s)
FER =0.5 %, Veh. 50 km/h
A
3.0000
2.9583
2.7083
2.9167
2.8958
0.6725
0.1363

14
Mode 0 (6.6 kbit/s)
FER =1.0 %, Veh. 50 km/h
A
2.9167
3.0833
3.0000
2.8750
2.9688
0.7740
0.1568

15
Mode 0 (6.6 kbit/s)
FER =3.0 %,  Veh. 50 km/h
A
2.9167
2.5417
2.4167
2.5000
2.5938
0.6420
0.1301

16
Mode 0 (6.6 kbit/s)
FER =0.5 %,  Veh. 120 km/h
B
2.7083
3.0417
3.0417
2.8333
2.9063
0.7120
0.1443

17
Mode 1 (8.85 kbit/s)
Nominal, no errors
-
3.7083
3.4583
3.5000
3.6667
3.5833
0.7493
0.1518

18
Mode 1 (8.85 kbit/s)
FER =0.5 %,  Ped. 3 km/h
A
3.3333
3.6250
3.0833
3.5000
3.3854
0.7591
0.1538

19
Mode 1 (8.85 kbit/s)
FER =1.0 %,  Ped. 3 km/h
A
3.2083
3.4167
3.1250
3.2500
3.2500
0.8079
0.1637

20
Mode 1 (8.85 kbit/s)
FER =3.0 %,  Ped. 3 km/h
A
3.1667
3.0000
2.5417
2.9583
2.9167
0.8293
0.1680

21
Mode 1 (8.85 kbit/s)
FER =1.0 %,  Veh. 120 km/h
B
3.1667
3.2917
3.5000
3.3333
3.3229
0.7745
0.1569

22
Mode 2 (12.65 kbit/s)
Nominal, no errors
-
3.8750
3.9583
3.5417
4.0833
3.8646
0.8029
0.1627

23
Mode 2 (12.65 kbit/s)
FER =0.5 %,  Indoor 3 km/h
A
4.0833
3.6250
3.3333
3.9167
3.7396
0.8491
0.1720

24
Mode 2 (12.65 kbit/s)
FER =1.0 %,  Indoor 3 km/h
A
3.6250
3.5000
3.1667
3.6250
3.4792
0.7675
0.1555

25
Mode 2 (12.65 kbit/s)
FER =3.0 %,  Indoor 3 km/h
A
3.4583
3.1250
3.1250
3.0833
3.1979
0.7486
0.1517

26
Mode 2 (12.65 kbit/s)
FER =3.0 %,  Veh. 120 km/h
B
3.3750
3.4167
3.0833
3.6667
3.3854
0.8255
0.1673

27
Mode 3 (14.25 kbit/s)
Nominal, no errors
-
4.0417
3.8333
3.4167
3.9583
3.8125
0.7300
0.1479

28
Mode 3 (14.25 kbit/s)
FER =0.5 %,  Veh. 50 km/h
A
3.7917
4.1250
3.8333
3.7500
3.8750
0.6996
0.1418

29
Mode 3 (14.25 kbit/s)
FER =1.0 %,  Veh. 50 km/h
A
4.0833
3.3750
3.5833
3.8333
3.7188
0.7064
0.1431

30
Mode 3 (14.25 kbit/s)
FER =3.0 %,  Veh. 50 km/h
A
3.7500
3.2083
3.4167
3.5417
3.4792
0.7675
0.1555

31
Mode 3 (14.25 kbit/s)
FER =0.5 %,  Veh. 120 km/h
B
3.8333
3.7917
3.5000
3.7917
3.7292
0.7324
0.1484

32
Mode 4 (15.85 kbit/s)
Nominal, no errors
-
3.7083
3.9167
3.7500
4.3333
3.9271
0.8110
0.1643

33
Mode 4 (15.85 kbit/s)
FER =0.5 %, Ped. 3 km/h
A
4.0000
3.8750
3.7083
4.0000
3.8958
0.7606
0.1541

34
Mode 4 (15.85 kbit/s)
FER =1.0 %, Ped. 3 km/h
A
4.0000
3.8333
3.7083
3.7083
3.8125
0.7720
0.1564

35
Mode 4 (15.85 kbit/s)
FER =3.0 %, Ped. 3 km/h
A
3.6250
3.3750
3.1667
2.9167
3.2708
0.7606
0.1541

36
Mode 4 (15.85 kbit/s)
FER =1.0 %,  Veh. 120 km/h
B
3.9167
3.7917
3.5417
3.9583
3.8021
0.7625
0.1545

37
Mode 5 (18.25 kbit/s)
Nominal, no errors
-
4.2500
3.9167
3.7083
4.1250
4.0000
0.7398
0.1499

38
Mode 5 (18.25 kbit/s)
FER =0.5 %,  Indoor 3 km/h
A
3.8750
3.9583
3.5417
4.0417
3.8542
0.7105
0.1440

39
Mode 5 (18.25 kbit/s)
FER =1.0 %,  Indoor 3 km/h
A
3.9583
3.7500
3.5833
3.7917
3.7708
0.7324
0.1484

40
Mode 5 (18.25 kbit/s)
FER =3.0 %,  Indoor 3 km/h
A
3.5833
3.5000
3.1250
3.2917
3.3750
0.7574
0.1535

41
Mode 5 (18.25 kbit/s)
FER =3.0 %,  Veh. 120 km/h
B
3.7917
3.6667
3.3333
3.4167
3.5521
0.8062
0.1633

42
Mode 6 (19.85 kbit/s)
Nominal, no errors
-
4.2917
4.1667
3.9583
4.1667
4.1458
0.6485
0.1314

43
Mode 6 (19.85 kbit/s)
FER =0.5 %,  Veh. 50 km/h
A
3.9583
3.7500
3.7917
3.8750
3.8438
0.7585
0.1537

44
Mode 6 (19.85 kbit/s)
FER =1.0 %,  Veh. 50 km/h
A
3.6667
3.7500
3.7083
3.7917
3.7292
0.8141
0.1649

45
Mode 6 (19.85 kbit/s)
FER =3.0 %,  Veh. 50 km/h
A
3.7083
3.3333
3.1250
3.7500
3.4792
0.8076
0.1636

46
Mode 6 (19.85 kbit/s)
FER =0.5 %,  Veh. 120 km/h
B
4.0417
4.0417
3.7500
4.2500
4.0208
0.7105
0.1440

47
Mode 7 (23.05 kbit/s)
Nominal, no errors
-
3.9167
3.8333
4.0833
4.2500
4.0208
0.6802
0.1378

48
Mode 7 (23.05 kbit/s)
FER =0.5 %,  Ped. 3 km/h
A
4.1250
3.9583
3.5833
3.9583
3.9063
0.7688
0.1558

49
Mode 7 (23.05 kbit/s)
FER =1.0 %,  Ped. 3 km/h
A
4.0833
3.8750
3.7500
3.7917
3.8750
0.8111
0.1643

50
Mode 7 (23.05 kbit/s)
FER =3.0 %,  Ped. 3 km/h
A
3.7083
3.7083
3.4583
3.2500
3.5313
0.7941
0.1609

51
Mode 7 (23.05 kbit/s)
FER =1.0 %,  Veh. 120 km/h
B
3.8750
3.7083
3.6250
4.0000
3.8021
0.7486
0.1517

52
Mode 8 (23.85 kbit/s)
Nominal, no errors
-
4.0000
3.5417
3.7083
4.1667
3.8542
0.7395
0.1498

53
Mode 8 (23.85 kbit/s)
FER =0.5 %,  Indoor 3 km/h
A
3.8333
3.7500
3.4583
4.2083
3.8125
0.6854
0.1389

54
Mode 8 (23.85 kbit/s)
FER =1.0 %,  Indoor 3 km/h
A
3.9583
3.8333
3.4583
4.0000
3.8125
0.7856
0.1592

55
Mode 8 (23.85 kbit/s)
FER =3.0 %,  Indoor 3 km/h
A
3.6250
3.4583
3.1250
3.4167
3.4063
0.7338
0.1487

56
Mode 8 (23.85 kbit/s)
FER =3.0 %  Veh. 120 km/h
B
3.3750
3.3750
3.2083
3.3333
3.3229
0.6882
0.1394
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[image: image2.emf]Figure 2 Codec Conditions for Experiment 7b
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