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1. Introduction

This document describes the performance of the AMR-WB codec with special input signals which is a part of the AMR-WB Verification Phase. The special input signals are very complex and untypical for speech codec. In order to find out the performance, 8 different types of tests were completed. The purpose of this test was to verify the reliability and stability of the codec using different input signals. Each mode was tested separately in all the tests. The output of some tests were evaluated by expert listening tests, whereas others studied the stability of the AMR-WB codec objectively using long speech and random files.

2. Tests

8 different tests were performed. These tests contained the following signal types:

1. Arbitrary signal

2. Bursty random noise signals

3. Background noise signals

4. Sinusoidal signals

5. Square wave signals

6. All zero signal

7. Long speech signal (radio play)

8. Sinusoidal signals with bad frames

2.1. Arbitrary signal (Windows DLL file)

Input signal description:

All the codec modes were tested with arbitrary signal (Windows DLL file). The main purpose of this test was not to study how well the codec reconstructs the test file but to test possible failures created by this very untypical signal. Length of this signal was 4min. 39s and its frequency spectrum was relatively flat. The frequency spectrum together with the amplitude histogram is given in the Figure 1 below.
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Figure 1. Frequency spectrum and amplitude histogram for the arbitrary test signal

Test results:

There were no overflows or crashes in any mode. Hence, all the modes passed this test.

2.2. Bursty random noise signals

Input signal description:

In this test two signals having several bursts of random noise was used. Signal amplitude used the whole dynamic range from +32767 and –32768 and the length of both files was 8s. The difference between the two signals was the length of the random noise and all zero signal bursts. Signals were the following:

1) Signal A: 0.5s random noise bursts separated by 0.5s zero signal period:

2) Signal B: 2.0s random noise bursts separated by 1.0s zero signal period:

Time domain plots for the bursty random noise signals A & B is given in the Figure 2 below.
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Figure 2. Time domain plots for the bursty random noise signals A&B respectively

Test results:

All the modes produced random bursts. No overflows nor peculiar behaviour like instability was observed.

2.3. Background noise signals

Input signal description:

Each mode was tested with many types of background noise signals. The noise types and their lengths are given in Table 1 below.

Background
noise type

Length [s]

Car
14.8

Cafeteria
8.5

Hoth
8.7

Motorbike
9.4

Motorboat
36.0

Railway station
46.1

Rain
40.0

Thunder
83.4

Wind
81.3

Table 1. Background noise signal types and their lengths

The frequency spectrum figures of the used noise signals are given in Annex A

Test results:

Tested background noises sounded natural and did not cause any artefacts.

2.4. Sinusoidal signals

Input signal description:

Three types of sinusoidal signals were tested. 1) Sinusoidal signal (test signals: 1..10), 2) Sum of two sinusoidal signals (test signals: 11..18) and 3) Sinusoidal signal bursts, where each burst were in different frequency and separated by 0.5s of all zero signal (test signal: 19). The length of the signals was about 8s. The frequency contents of different sinusoidal test signals are given in the Table 2 below.

Test signal /
Frequency [Hz]

(test type)
300
500
700
1000
1500
2000
4000
5000
6000
8000

1 (1)
X










2 (1)

X









3 (1)


X








4 (1)



X







5 (1)




X






6 (1)





X





7 (1)






X




8 (1)







X



9 (1)








X


10 (1)









X

11 (2)
X
X









12 (2)
X

X








13 (2)
X


X







14 (2)
X



X






15 (2)

X
X








16 (2)

X

X







17 (2)

X


X






18 (2)



X
X






19 (3)
X
X
X
X
X
X
X
X
X


Table 2. Frequency contents of different sinusoidal wave test signals

Test results:

As has been already described in the Tdoc S4 01 0054, the performance of the two lowest modes with sinusoidal tones (and also with DTMF signals) is relatively low. The power of the one frequency with dual frequency signals was in some cases decreased significantly. Also some single sinusoidal signals were degraded when two lowest modes were used. However, the two lowest modes are designed to be used only with mode adaptation in poor radio channel conditions only for a very limited time. Therefore, we do not consider this to be an issue. For the higher modes, the outputs were acceptable. Frequencies from 6300 to 7000Hz became noise-like because of artificial high band generation. 

2.5. Square wave signals

Input signal description:

Three types of square wave signals with 50% duty cycle were tested. 1) Square wave signal (test signals: 1..10), 2) Sum of two square wave signals (test signals: 11..18) and 3) Square wave signal bursts, where each burst were in different frequency and separated by 0.5s of all zero signal (test signal: 19). The length of the signals was about 8s. The frequency contents of different square test signals are given in the Table 3 below.

Test signal /
Frequency [Hz]

(test type)
300
500
700
1000
1500
2000
4000
5000
6000
8000

1 (1)
X










2 (1)

X









3 (1)


X








4 (1)



X







5 (1)




X






6 (1)





X





7 (1)






X




8 (1)







X



9 (1)








X


10 (1)









X

11 (2)
X
X









12 (2)
X

X








13 (2)
X


X







14 (2)
X



X






15 (2)

X
X








16 (2)

X

X







17 (2)

X


X






18 (2)



X
X






19 (3)
X
X
X
X
X
X
X
X
X


Table 3. Frequency contents of different square wave test signals

As an example, the spectrum of the test signal 5 is given in the Figure 3 below.
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Figure 3. Frequency spectrum of the square wave test signal 5

Test results:

The decoder output in this test was acceptable for the higher modes, but the output was distorted for two lowest modes, like in the case of sinusoidal signals.

2.6. All zero signal

Input signal description:

An 8s long signal containing all zero samples.

Test results:

Zero output was generated and so there were no problems.

2.7. Long speech signal (radio play)

Input signal description:

The purpose of this test was to check possible overflows, for example, in the counters. The input file was very long (2h 53min) a radio play including speech and some music [1]. Active speech level of the input was -26.305 [dBov] and the speech activity factor: 85.619 [%]

Test results:

No problems were observer in any mode.

2.8. Sinusoidal signals with bad frames

Input signal description:

The purpose of this test was to verify the behaviour of the codec during and after bad frames when the encoder input is sinusoidal or square wave signal. Same test sequences described in chapters 2.4 and 2.5 were processed through the speech codec with all the modes with an exception that some frames were marked as "RX_TYPE=SPEECH_BAD" frames in the following way:

One bad frame after 2 seconds, two consecutive bad frames after 4 seconds and three consecutive bad frames after 6 seconds. 

Test results:

The results were acceptable, with an exception of one single sinusoidal tone of frequency 1500Hz. That signal caused temporary instability in the decoder. This phenomena was similar to all the codec modes. The performance degradation is illustrated in the Figure 4 of time domain plots for performance of sinusoidal signals with frequency of 1500Hz and with any other frequency.
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Figure 4. Time domain plot for the codec output with sinusoidal signals (with bad frames) with frequency of 1500Hz and for other frequencies.

3. Conclusion

The tests showed that the AMR-WB speech codec performs well with wide variety of signal types and no unexpected behaviour was observed.

References:

[1]
Anne Rice "Interview with the vampire"; Read by F. Murray Abraham; Random House Audio Books 1976; 3 disks total playing time 3 hours

Annex A

[image: image8.wmf]a) Frequency spectrum of the "car" noise
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c) Frequency spectrum of the "Hoth" noise
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e) Frequency spectrum of the "motorboat" noise

[image: image11.wmf]b) Frequency spectrum of the "cafeteria" noise
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d) Frequency spectrum of the "motorbike" noise
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f) Frequency spectrum of the "railway station" noise
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g) Frequency spectrum of the "rain" noise
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i) Frequency spectrum of the "wind" noise
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h) Frequency spectrum of the "thunder" noise

Figure 5. Frequency spectrums of the background noise files
