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Scope

This contribution describes experiments performed by BT designed to assess the DTMF transparency of the AMR-WB speech codec. These tests constitute part of the 3GPP-S4 verification of the AMR-WB system. The experimental procedure was very similar to that used for in the verification of the AMR-NB codec [1].

The objective of the experiments was to measure the percentage of undetected DTMF digits processed through each of the nine AMR-WB modes under error free conditions. The experiments include the effects of DTMF level, frequency deviation and twist. The G.722 wideband speech codec was included in the tests as a reference. 

Processing configuration

The apparatus used to generate, process and detect DTMF signals is shown in Figure 1. This configuration essentially simulates the AMR-WB codec being used as a compression device within the PSTN. The DTMF generation, A-law coding, sample-rate conversation and speech coding were performed using software simulations; the DTMF detection was performed using hardware. 

The DTMF detector used was the Ziad Linemaster( dialed digit analyser, driven by a digital to analogue convertor (DAC) calibrated according to ITU-T Rec. G.711. Thus, the configuration is equivalent to a DTMF detector implemented in the network with the same detection characteristics as the Linemaster( (see Annex A). The Linemaster( uses the Mitel MT8870B device to detect DTMF digits.

The DTMF signals were generated at the frequencies specified in ITU-T Rec. Q.23. In the DTMF generator, LSB idle noise was added to the test sequences to generate A-law idle noise between digits. 

The AMR-WB speech codec was simulated using version 1.1 of the fixed-point reference C-code. The A-law codecs were simulated using the ITU-T Rec. G.191 software tool library (STL), and were preceded by truncation of the signal to 12 bits. The sample-rate conversion was performed with the high-quality FIR filter provided in the STL.
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Figure 1: DTMF generation, processing and detection.

Experimental conditions

Six experiments were performed, testing the conditions listed in Table 1. The experiments were limited to error-free conditions only. 

The frequency deviation was set for the duration of a digit, and was randomly chosen between -1.5 and +1.5%. The range of tone levels was chosen to avoid clipping in the digital domain and to exceed the minimum acceptable input level for the Linemaster( unit.

A set of thirteen codecs was tested in each experiment, comprising the nine AMR-WB modes, G.722 at 48, 56 and 64kbit/s, and the A-law codecs alone (direct condition).

Table 1: Experimental conditions

Experiment
Low tone

level (1)
High tone

level (1)
Twist 
Digit duration 
Frequency 

deviation

1
-6 dBm
-6 dBm
0 dB
80 ms
none

2
-16 dBm
-16 dBm
0 dB
80 ms
none

3
-26 dBm
-26 dBm
0 dB
80 ms
none

4
-16 dBm
-16 dBm
0 dB
80 ms
+/- 1.5%

5
-19 dBm
-13 dBm
 -6 dB
80 ms
none

6
-13 dBm
-19 dBm
6 dB
80 ms
none

Note 1: 
The levels are given as measured at the input to the DTMF detector, however, since the DAC is calibrated according to ITU-T Rec. G.711, 0dBm in the analogue section is equivalent to ‑6.15dBov in the digital section.

Test sequences

For each experiment, 20 test sequences were processed per codec under test. Each test sequence was produced by the DTMF generator, and comprised a header of xms followed by each of the 16 DTMF digits as defined in ITU-T Rec. Q.23. The duration of the individual DTMF digits was 80ms, with a 80ms gap between adjacent digits. The length of the header in sequence number n, was set to


x=200+n milliseconds



; where n=0..19.

This approach was taken to exercise the speech codecs over the complete range of possible phase relationships between the start of a DTMF digit and a speech codec frame (20ms in length). Thus each codec mode was subjected to 320 separate digits per experiment.

Test Procedure

For each test sequence, the number of digits undetected by the DTMF detector was recorded. No specific attempt to identify misdetected digits was made.

Results

The percentage of undetected digits measured for each codec mode in each experiment is given in Table 2 and plotted in Figure 3.

Further observations

Inspection of the results for the AMR-WB speech codec reveals notably worse performance for DTMF signals generated with negative twist.

It was noted that digits '2' and '4' were particularly likely to be missed. This was particularly noticeable with mode 1, when digit '4' was systematically not detected.

On a one occasion, during Experiment 5, a single digit '7' was detected as two digit '7's for AMR-WB mode 2 (12.65kbit/s). No out of sequence digits observed during any of the Experiments.

The effect of the lowest rate mode of AMR-WB on the envelope of a sequence of all 16 DTMF digits is shown in Figure 2.

Table 2: Percentage of DTMF digits undetected when passed through different codecs. 

The mean value is calculated over all six experiments.

Codec mode
Rate (kbit/s)
Exp 1
Exp 2
Exp 3
Exp 4
Exp 5
Exp 6
Mean

AMR mode 0
6.60
53.8%
58.8%
57.5%
54.7%
55.9%
40.6%
53.5%

AMR mode 1
8.85
0.9%
2.5%
4.4%
3.1%
11.3%
0.3%
3.8%

AMR mode 2
12.65
0.0%
0.0%
0.9%
0.3%
3.8%
0.0%
0.8%

AMR mode 3
14.25
0.0%
0.0%
0.0%
0.0%
3.1%
0.0%
0.5%

AMR mode 4
15.85
0.0%
0.0%
0.3%
0.0%
1.6%
0.0%
0.3%

AMR mode 5
18.25
0.0%
0.0%
0.0%
0.0%
0.6%
0.0%
0.1%

AMR mode 6
19.85
0.0%
0.0%
0.0%
0.0%
0.6%
0.0%
0.1%

AMR mode 7
23.05
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

AMR mode 8
23.85
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

G.722 
48.0
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

G.722 
56.0
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

G.722
64.0
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

Direct (A-law)

0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
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Figure 2: Effect of AMR-WB mode 0 (6.6kbit/s) on sequence of 16 DTMF digits (0 - 9, *, #, A - D). The upper image is the direct case; the lower image is has been encoded through the AMR-WB mode 0.

Conclusions

No detection errors were measured for the reference A-law condition or the three G.722 modes. In all conditions except negative twist, the seven highest rate AMR-WB modes appear to be essentially transparent to DTMF signals under error free conditions, whereas the two lowest rate modes do not appear to be transparent. Only the two highest rate modes appear to be completely transparent to DTMF signals with 6dB of negative twist. It is noted that DTMF signals are often generated by PSTN telephones with negative twist, e.g. -2dB, to account for the characteristics of the local loop.

References

[1]
"DTMF transparency of the ENS1 AMR speech codecs", BT Laboratories, ETSI SMG11 Tdoc 97/99.

Annex A: DTMF detector receive characteristics 

Table A-1: Receive characteristics of the Ziad Inc. Linemaster(.

Characteristic
Value

minimum DTMF receive time
30 ms

minimum DTMF receive level
-29 dBm

maximum DTMF receive level
0 dBm

maximum twist
10 dB (see note)

maximum frequency deviation
+/- 1.5% +/-2Hz

Note to Table A-1: the Mitel MT8870B device used in the Linemaster( is now obsolete, the replacement device, the MT8870D, specifies a maximum acceptable twist of 8dB.
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Figure 3: Percentage of undetected digits measured for the AMR-WB speech codec modes.
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