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1 Introduction

This document describes the test setup used by Hughes Software Systems (HSS) for verifying the transparency of AMR-WB Floating-point (AMR-WBFl) speech codec for DTMF signals. The preliminary results of this activity that is being done as a part of AMR-WBFl verification work of 3GPP TSG SA WG4 (Codec) Group is also presented in this document. This verification is performed in digital domain using software DTMF detector. 

The objective of the activity is to generate DTMF test sequences corresponding to different scenarios (like different high frequency and low frequency power levels, DTMF duration and frequency deviation) and measure the percentage of detected DTMF digits for these sequences using AMR-WBFl under error free conditions. 

2 Test Setup
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The configuration that is being used by HSS to verify the transparency of AMR-WB Floating-point speech codec for DTMF signals is in Figure 1. It essentially consists of DTMF generator, AMR-WBFl encoder & decoder, pre and post processing components (A-law compression and expansion, up and down sampling) and DTMF detector. Currently all the components are being done in software i.e. DTMF generation, A-law coding, sample-rate conversation, speech coding and DTMF detection are all performed using software simulations itself. The setup for using hardware DTMF detector for this activity is also shown in the figure and is currently going on at HSS. 

Figure 1 DTMF Test Setup

2.1 DTMF Generator

The low and high frequency groups defined in ITU-T Rec. Q.23 were used in generating the DTMF signals by the software generator. The other DTMF parameters like power levels (including twist), timing criteria and frequency bandwidths were generated as per specifications defined in ITU-T Rec. Q.24. All the DTMF signals generated will be at 8KHz sampling rate. 

Two types of DTMF generators are being used in the current activity, Hughes Software Systems (HSS) software DTMF generator and Mitel Test Sequences.

2.1.1 DTMF Generator

HSS DTMF Generator was used to generate DTMF signals of different characteristics like power levels (including twist), timing criteria and frequency bandwidths. A second-order digital sinusoidal oscillator was used for generating the high and low frequency tones of DTMF signal.

2.1.2 Mitel Sequences

Mitel test sequences, which are typically used for testing the performance of DTMF detector, have also been used as DTMF input source in our testing activity. If AMR-WBFl speech codec is transparent to DTMF signals, then a Mitel compliant DTMF detector should pass all the tests even after passing through the speech codec. 

2.2 DTMF Detector

The verification activity has been planned with both hardware and software DTMF detectors and the test setup for this is shown in Figure 1. As hardware and software detectors may be used in a typical network, it is important to verify the codec’s performance in both the domains.

2.2.1 Software Detector

A software detector does all the processing like reading samples from a file, DTMF detection and writing samples back to file in digital domain itself. HSS software DTMF detector is being used for DTMF detection in the current activity. This detector uses Goertzel algorithm to extract the spectral information of the DTMF signal by means of recursive digital filters. Once the spectral information is calculated for high and low frequencies, a number of checks are done to determine the validity of signal before declaring a digit as detected. The software is implemented in assembly and runs on a DSP card (TMS320c542). The detector software is well tested and is being used by HSS customers in satellite based systems. 

2.2.2 Hardware Detector

The verification activity will also be done using a hardware DTMF detector and is currently going on at HSS. This information is also described in the document so that the members can give their comments on the test setup configuration. The same DSP card described above will be used in this step as well. The digital samples after the G.711 codec post-processing block will be converted to analog domain using a digital to analog converter (DAC). 

The DAC is calibrated according to encoding rule specified in ITU-T Rec. G.711 which gives the relationship between dBov (used in digital domain) and dBm (used in analog domain)(. An AMP card (Amplification card) can also be used in the setup to provide DC supply and gain (if required). Alternatively, the telephone line and DTMF detector can be connected in parallel to DSP card thus eliminating the need for AMP card.

2.3 Speech Codec

The AMR-WBFl speech codec was simulated using version 0.2.2 of reference floating-point ‘C code provided by Nokia. Encoder and Decoder reference executables are built from the reference code and have been used in the performance testing.

2.4 Other Components

The other components used in the test setup are A-law codec, up and down sampling blocks. The A-law codec’s compression and expansion modules present at pre-processing and post-processing stages of the setup simulate the effect of A-law narrowband digital connection in a typical network. These modules were simulated using the G.711 software provided in ITU-T Rec. G.191 software tool library (STL). 

As the AMR-WBFl codec works at 16KHz sampling rate, the test signals have to be up-sampled before passing to encoder and down-sampled back to 8KHz after the decoder operation is completed. The sample rate conversion was performed with the high-quality FIR filter provided in G.191 STL.

3 Test Sequences

A number of test sequences corresponding to different DTMF signal properties have been generated for the activity using DTMF Generator apart from the standard Mitel sequences. Two categories of vectors have been generated using DTMF generator namely, signals with 80ms duration and DTMF signals with 50ms duration.

3.1 DTMF Generator Vectors

3.1.1 80ms DTMF

A set of 13 experiments (HG1 to HG13) corresponding to DTMF signals of 80ms duration have been used in testing activity and is shown in Table 1. The inter-digit silence for these sequences is also of 80ms duration. The power level of both high and low frequency signals is represented as dB value with reference to the overload point (dBov(), where the level of a sine-wave with peak amplitude of 1.0 corresponds to      –3.01 dBov. All the testing has been done under ideal transmission conditions and no error patterns were simulated before sending the signal to detector. To avoid clipping when a DTMF signal is formed from high and low frequency tones the minimum power level used in experiment is –10dBov.

Each experiment consists of a 16-digit DTMF frame (0,1,2,3,4,5,6,7,8,9,*,#, A,B,C,D) repeated 10 times with silence of finite duration inserted between frames. 

Exp #
Low Frequency Power level (dBov)
High Frequency Power level (dBov)
Signal Duration (ms)
Frequency Deviation (+/-1.5%)
Count (Total Digits)
Comments

HG1 
-10
-10
80
0
160
0123456789*#ABCD sequence used in frame

HG2 
-12
-12
80
0
160


HG3 
-12
-10
80
0
160
Standard Twist (2dB)

HG4 
-12
-14 
80
0
160
Reverse Twist (2dB)

HG5 
-16
-16
80
0
160


HG6 
-16
-16
80
1
160


HG7 
-16
-13
80
0
160
Standard Twist (3dB)

HG8 
-16
-19
80
0
160
Reverse Twist (3dB)

HG9 
-16
-10
80
0
160
Standard Twist (6dB)

HG10 
-16
-22
80
0
160
Reverse Twist (6dB)

HG11 
-18
-18
80
0
160


HG12 
-22
-22
80
0
160


HG13 
-26
-26
80
0
160


Table 1 DTMF Experiments used in AMR-WBFl (80ms)

3.1.2 50ms DTMF

A set of 13 experiments (HG14to HG26) corresponding to DTMF signals of 50ms duration have been used in testing activity and is shown in Table 2. The parameters used in these sequences are similar to the ones described in Section 3.1 except that the signal and silence durations are of 50ms. These sequences have been generated so as to have commonality with the duration of DTMF signals in Mitel test sequences (which are also of 50ms duration). So when doing the DTMF detection in hardware domain, the performances with both the vectors can be compared.

Exp #
Low Frequency Power level (dBov)
High Frequency Power level (dBov)
Signal Duration (ms)
Frequency Deviation (+/-1.5%)
Count (Total Digits)
Comments

HG14 
-10
-10
50
0
160
0123456789*#ABCD sequence used in frame

HG15 
-12
-12
50
0
160


HG16 
-12
-10
50
0
160
Standard Twist (2dB)

HG17 
-12
-14 
50
0
160
Reverse Twist (2dB)

HG18 
-16
-16
50
0
160


HG19 
-16
-16
50
1
160


HG20 
-16
-13
50
0
160
Standard Twist (3dB)

HG21 
-16
-19
50
0
160
Reverse Twist (3dB)

HG22 
-16
-10
50
0
160
Standard Twist (6dB)

HG23 
-16
-22
50
0
160
Reverse Twist (6dB)

HG24 
-18
-18
50
0
160


HG25 
-22
-22
50
0
160


HG26 
-26
-26
50
0
160


Table 2 DTMF Experiments used in AMR-WBFl (50ms)

3.2 Mitel Vectors

Additionally the transparency of AMR-WBFl speech codec has been tested by Mitel test vectors also. Although Mitel test sequences are typically used for testing the performance of DTMF detector, these have been used in our testing to verify the transparency of AMR-WBFl speech codec for DTMF signals and also to ensure that the DTMF detector being used in the testing is Mitel compliant. With a Mitel compliant detector one can measure the degradation provided by AMR-WBFl by checking the performance with that of normal scenario (input fed directly to detector). This testing is required as not all DTMF detectors in a typical network are going to be hardware based. 

Although the testing has been done on the whole set of Mitel test sequences, a selected set of these (named MT1 to MT4) has been captured in the document. These test sequences are for basic digit sequence test, amplitude ratio test (twist), dynamic range tests and signal to noise ratio test (with noisy scenarios) and are given below in Table 3. All the Mitel test vectors are of 50ms signal duration.

Exp #
Test
Description
Pass Criteria

MT1 
DTMF Decode Check
All 16 digits each of 50ms duration
160

MT2 
Amplitude Ratio (Twist) Test
8 sections of Standard twist ( to 20dB) and Reverse twist (0 to –20dB) for Digits 1,5,9 and D with each section containing 200 pulses with 50ms duration/pulse
Standard Twist >= 4dB 

Reverse Twist >=  8dB (in each section)

MT3 
Dynamic Range Test
35 tone pair pulses with 50 ms duration/pulse attenuated to –35 dB below from the nominal level in steps of 1dB
>=25dB

MT4 
Signal to Noise Ratio Test
3 sections with 1000 pulses/section with different white noise level for each section. The first level is at 24dB below the tone level, second at 18dB below and the third at12 dB below
1000 (in each section)

Table 3 Mitel Experiments used in AMR-WBFl

4 Test Results

The test results for AMR-WB Floating-point speech codec with all the different test vectors described in Section 3 are given below.

4.1 DTMF Generator Vectors

4.1.1 80ms DTMF

The test sequences of 80ms duration is given in Table 4 For all test sequences the count of number of digits detected was stored and the percentage of successful detection is calculated against the actual number of digits in a test vector (which is 160 digits in our experiments). 

The tables given below show the percentage of successful detection only for all the codec modes. The output of the detector with direct input and with A-law companding codec (compression and expansion) is also provided for reference. Both these scenarios should be transparent to all test sequences. 

Mode-Exp
HG1 
HG2 
HG3 
HG4 
HG5 
HG6 
HG7 
HG8 
HG9 
HG10 
HG11 
HG12 
HG13 

Mode 0
90
86.25
83.75
67.5
76.88
61.88
93.75
76.25
73.75
50.63
78.75
73.75
81.25

mode 1
100
100
100
100
100
100
100
100
96.25
93.75
100
100
100

mode 2
100
100
100
100
100
100
100
100
100
100
100
100
100

mode 3
100
100
100
100
100
100
100
100
100
100
100
100
100

mode 4
100
100
100
100
100
100
100
100
100
100
100
100
100

mode 5
100
100
100
100
100
100
100
100
100
100
100
100
100

mode 6
100
100
100
100
100
100
100
100
100
100
100
100
100

mode 7
100
100
100
100
100
100
100
100
100
100
100
100
100

mode 8
100
100
100
100
100
100
100
100
100
100
100
100
100

Direct Input
100
100
100
100
100
100
100
100
100
100
100
100
100

A-law
100
100
100
100
100
100
100
100
100
100
100
100
100

Table 4 Transparency of AMR-WBFl for DTMF Experiments (80ms)

4.1.2 50ms DTMF

The test sequences of 50ms duration is given in Table 5 For all test sequences the count of number of digits detected was stored and the percentage of successful detection is calculated against the actual number of digits in a test vector (which is 160 digits in our experiments). 

The tables given below show the percentage of successful detection only for all the codec modes. The output of the detector with direct input and with A-law companding codec (compression and expansion) is also provided for reference. Both these scenarios should be transparent to all test sequences. 

Mode-Exp
HG14 
HG15 
HG16 
HG17 
HG18 
HG19 
HG20 
HG21 
HG22 
HG23 
HG24 
HG25 
HG26 

mode 0
58.75
59.38
66.88
57.5
56.88
43.13
65
56.25
33.75
36.88
51.88
60.63
58.13

mode 1
100
100
100
100
100
98.13
100
100
86.25
91.88
100
100
100

mode 2
100
100
100
100
100
99.38
100
100
100
98.13
100
100
100

mode 3
100
100
100
100
100
100
100
100
100
98.75
100
100
100

mode 4
100
100
100
100
100
100
100
100
100
98.75
100
100
100

mode 5
100
100
100
100
100
100
100
100
100
100
100
100
100

mode 6
100
100
100
100
100
100
100
100
100
100
100
100
100

mode 7
100
100
100
100
100
100
100
100
100
100
100
100
100

mode 8
100
100
100
100
100
100
100
100
100
100
100
100
100

Direct Input
100
100
100
100
100
100
100
100
100
100
100
100
100

A-law
100
100
100
100
100
100
100
100
100
100
100
100
100

Table 5 Transparency of AMR-WBFl for DTMF Experiments (50ms)

4.2 Mitel Vectors

The test results for AMR-WBFl speech codec using Mitel test sequences is given in Table 6. For all test sequences the pass/fail criteria is decided based on the count of number of digits detected. This check ensures that the software DTMF Detector being used in Mitel Test Compliant and the transparency of AMR-WB Floating-point speech codec. If the AMR-WBFl is transparent to DTMF signals, the performance of detector with direct DTMF signals and that after passing through the speech codec should be similar (if not same i.e. meet the pass criteria).

Mode- Exp
MT1 
MT2 
MT3 
MT4 

mode 0
Fail

(117 instead of 160)
For Digit D, fails in both standard and reverse twist. All other Passed
Pass
Fail 

(998, 992 and 995 for the 3 sections instead of 1000)

mode 1
Pass
Pass
Pass
Pass

mode 2
Pass
Pass
Pass
Pass

mode 3
Pass
Pass
Pass
Pass

mode 4
Pass
Pass
Pass
Pass

mode 5
Pass
Pass
Pass
Pass

mode 6
Pass
Pass
Pass
Pass

mode 7
Pass
Pass
Pass
Pass

mode 8
Pass
Pass
Pass
Pass

Direct Input
Pass
Pass
Pass
Pass

A-law
Pass
Pass
Pass
Pass

Table 6 Transparency of AMR-WBFl for Mitel Experiment

5 Conclusion

All the test sequences (HG1 to HG26) used for testing the AMR-WB Floating-point speech codec are detected by software DTMF detector. The G.711 (A-law) codec is transparent to DTMF signals and all the digits have been detected (for all experiments). With DTMF signals of 80ms duration, all the vectors were successfully detected except for mode 0 and mode 1. 
The lowest codec mode (mode 0) is not transparent to DTMF signals (for 50ms and 80ms duration). The output of codec in modes 0 and 1 for DTMF signals of 50ms duration is degraded compared to signals of 80ms duration. Also performance of speech codec with standard twist is relatively better compared to reverse twist. 

Only the last four modes (modes 5,6,7 and 8) appear to be completely transparent to DTMF signals of 50ms duration and with reverse twist of 6dB. 

For Mitel test sequences (MT1 to MT4) also, mode 0 of speech codec is not meeting the pass criteria, which indicates that the speech codec is definitely not transparent for this mode. Even the experiment MT1, which is the basic decode check, is failing for mode 0. The direct input and output of A-law codec pass the criteria for all test cases.

6 Further Work

The transparency of AMR-WB Floating-point speech codec has been done using software DTMF detector. Its performance will be measured using hardware DTMF detector that will give the speech codec performance for DTMF signals in a network scenario. The testing is going on at HSS and can be presented at the next TSG-SA4 meeting. Also the transparency of AMR-WB Floating-point codec for DTMF signals has to be done with newer software versions of AMR-WBFl codec.
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