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One of the most difficult problems that appears during the process of archival sound 
restoration is the detection and reduction of the pulse type noise. This kind of noise is 
the result of contamination or damage to the analog record material. Pulse interference 
detection algorithms are prone to false positive results. Therefore, to ensure high 
reliability of the pulse detection process, more than one algorithm should be used and 
then the results of these algorithms should be analyzed using advanced methods, 
including intelligent algorithms. 

The paper presents the pulse detection algorithm based on the phase scattering. Since 
the Dirac impulse and white noise have the same amplitude part of their spectra, the 
phase scattering transforms the pulse to the noise. Then a pulse can be detected by 
comparing the envelope of the original and processed signals.  

The proposed algorithm has been tested using synthetic test signals as well as 
a fragment of the archival recording on the damaged record. The directions of further 
research are outlined 
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1. INTRODUCTION 
 

 The archival audio recording reconstruction process consists of several 
stages during which the recording is analyzed and then various forms of noise 
and distortions are reduced [1, 2]. The pulse type noise is one of such 
interferences. Pulses can be often found on the analog records where they 
occurs due to contamination of the record surface or the record material damage 
[3, 4]. Where the contamination can generally be removed by cleaning the 
record using suitable equipment and cleaning agents, the damage to the record 
material is irreversible and any resulting interferences has to be removed in the 
reconstruction process. This problem affects primarily older records, 
manufactured before 1970 and played back using low quality equipment with 
high needle pressure. 
 The process for removing the pulse type noise consists of two steps: 
detection of the interference and its reduction. In order to reduce the pulse noise 
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a variety of interpolation methods can be used. Because of the short duration of 
the pulse there is possible to perform good quality interpolation, such that the 
distortions introduced by this interpolation are not perceptible to a listener. 
However, before, the noise is reduced, it has to be detected. 
 The general problem in pulse detection algorithms is their sensitivity to false 
positive results. In this situation it is good to have more detection algorithms so 
their results can be compared. In the simplest case we can consider that the 
pulse is detected if all used algorithms detect it in a particular point in the 
recording.  
 A human can in most cases easily detect a pulse in the archival recording. 
Therefore there may be appropriate to check the possibility of using intelligent 
algorithms such as neural networks and fuzzy logic algorithms [4], where the 
input would be the results of different pulse detection algorithms. Such 
approach could allow the detection of the interference with much greater 
certainty. 
 To apply the above–described approach in practice it is necessary to have 
several pulse interference detection algorithms based on different principles of 
operation. The author designed two such algorithms that operate on the basis of 
splitting of the signal into two parts of a different nature and the use of the Haar 
wavelets [2]. Another possible approach to the pulse detection, using the phase 
scattering, is described in this paper. 
 

2. THEORETICAL BACKGROUND 
 

The Fourier transform of the Dirac pulse is 1 
1))(( tF            (1) 

The amplitude of all components of the transform is 1, and the phase is equal 
to 0. In the digital signal processing we use Kronecker delta instead. Its digital 
Fourier transform has also the same amplitude for all its frequency components.
 The white noise spectrum has also the same amplitude for all its components 
[5] but then the phase of each component is random. In this situation, it can be 
assumed that when we add the random numbers to the phase components of the 
pulse signal Fourier transform and then we execute an inverse Fourier 
transform, the result will be the white noise. This also means that the energy of 
the pulse will be distributed throughout the interval in which the transform has 
been made. 

Pulse interferences that can be found in the archival recordings are not 
perfect mathematical pulses. The amplitude parts of such pulses spectra 
corresponds to the amplitudes of the color noise spectrum components. In this 
situation, the random additions to phases will convert the pulse to the color 
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noise (Fig. 1), which also will lead to dissipation of the pulse energy throughout 
the transform interval. 

 

 

 
Fig. 1. The synthetic pulse signal (2 kHz fading sine wave) and its spectrum 

 
 Since the pulse type disturbances are generally characterized by a high 
amplitude, they cause peaks in the signal amplitude. As the process described 
above dissipates the pulse energy, these peaks should disappear from the signal. 
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One can then detect the pulse comparing the original and processed signals. 
This kind of algorithm should not give false positive result for signals such as 
square or sawtooth waves, where for example the algorithms based on signal 
derivative analysis or wavelet decomposition can fail.  
 

3. THE RESEARCH PROCESS 
 
 The findings described above have become the basis for the algorithm using 
phase scattering to detect pulse interferences. Such an algorithm should, after 
the said scattering, compare the signal envelopes before and after phase 
scattering, and then decide whether a signal location contains a pulse 
disturbance. Therefore a phase scattering algorithm was developed. The block 
diagram of its first version is shown in Fig. 2 

 
 

Fig. 2. The phase scattering algorithm using FFT and Hann window 
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 The algorithm uses fast Fourier transform of 262144 samples and the Hann 
window. The resulting complex components are then converted into an 
amplitude–phase form. Then a random number in range from –π to π is added to 
each phase and the algorithm restores the complex form of individual spectrum 
components. In the last step it performs the inverse fast Fourier transform. 
 Unfortunately, this algorithm has not met the expectations. The resulting 
signal envelope differs significantly from the envelope of the original signal 
(Fig. 3). This phenomenon is caused by the signal components associated with 
the window. The phase scattering of these components changes the window 
shape, and thus, the signal envelope.  
 In this situation the different approach had to be used. Instead of IFFT, the 
algorithm implements the synthesis of the signal based on its selected spectrum 
components. This approach has been used with good results in several other 
archival recording reconstruction algorithms [2]. The block diagram of the 
improved version of the algorithm is shown in Fig. 4 
 The proposed algorithm has been tested using four test signals: sine, 
rectangular and sawtooth–shaped signal with an pulse added. The pulse was 
simulated by fading 5 kHz sinusoidal signal. The algorithm was also tested with 
the fragment of recording sampled from the damaged analog record. 
 The test signals are shown in Table 1 and Fig. 5 and 6. The visible artifacts 
near edges of saw and square signals are caused by low pass filtering. 
 
 

 
Fig. 3. The result of the algorithm using FFT and Hann window described above. The envelope 

shape is deformed because of window related coefficients phase scattering 
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Fig. 4. The phase scattering algorithm using signal synthesis 
 

Table 1. Signals used for the pulse detection algorithm testing  
 

Signal No. Description 

1. The sine signal with the synthetic pulse added (Fig. 5a) 
2. The square signal with the synthetic pulse added (Fig. 5b) 
3. The sawtooth signal with the synthetic pulse added (Fig. 6a) 
4. The fragment of the signal sampled from the damaged record (Fig. 6b) 

 
 The modified algorithm does not show IFFT transform algorithm weakness 
maintaining the shape of the envelope similar to the envelope of the original 
signal. Experiments have shown that the designed algorithm gives good results 
when tested with test signals described in Table 1. The pulses disappeared from 
test signals and their energy was dissipated as noise. The results for the test 
signals presented on Fig. 5 and 6 are shown in Fig. 7 and 8 respectively. 
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Fig. 5. Fragments of test signals 1 (a) and 2 (b) 
 

 
 

Fig. 6. Fragments of test signals 3 (a) and 4 (b) 
 

 
 

Fig. 7. Fragments of test signals 1 (a) and 2 (b) after the phase scattering  
 

 
Fig. 8. Fragments of test signals 3 (a) and 4 (b) after the phase scattering  
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 The fragment of the damaged record (test signal 4) was also used to test if 
the presented algorithm may give false positive result when there is a high 
amplitude peak in the original signal which is not a pulse interference. For this 
purpose points have been found in the original signal, where due to the presence 
of peaks well above the adjacent peaks the pulse noise can be detected, but there 
is no such noise in these points (Fig. 9). 
 The selected fragment was then processed by the presented algorithm. The 
result is shown in Fig. 10. It can be seen that the peak heights in the signal after 
its processing by phase scattering and in the original signal are similar. As the 
result, it can be concluded that there are no pulse interferences here and the 
algorithm allows to avoid potential false positives in these points. 
 

 
Fig. 9. Fragments of test signal 4. The circles show points where the pulse detection algorithms 

can give the false positive result 
 

 
 

Fig. 10. The fragment of signal 4 shown in Fig. 9 after the phase scattering. The maxima  
of the signal after the phase scattering are similar to the maxima before the processing,  

so the conclusion is that there is no pulse noise here 
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4. CONCLUSIONS 
 
 The presented algorithm can detect pulse type noise either in synthetic 
signals or in real damaged sound recording. It also allows to avoid false positive 
results. The assumptions described in the introduction have been met. 
 In this situation the research will be done on the possibility of using the 
presented algorithm along with algorithms using Haar wavelets and signal 
splitting to improve the process of pulse noise reduction. The outputs of three 
different algorithms may be feed to the inference block, which can be either 
fuzzy logic or neural network based. 
 Because both the FFT and the signal synthesis are processes that can be 
executed in the form of parallel algorithms, the possibility will be tested to 
implement the algorithm in FPGA programmable logic [6]. 
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