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ABSTRACT 
 
A simple yet elegant analog based technique for restoring the fidelity of playback audio signals 
emanating from magnetic cassette tapes is presented. The technique makes use of information from 
the high frequency bias signal in magnetic cassette tapes to correct for errors in the playback audio 
signal. Performance evaluation of the developed technique shows that the technique can correct for 
errors due to noise, scratches on the tape surface, clipping, and non-linear distortion. The 
developed technique will be valuable in restoring the fidelity of playback audio signal from magnetic 
cassette tapes stored in archives and private homes. 
 

 
Keywords: Magnetic cassette tapes; audio restoration; compensation technique; playback audio 

signal. 
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1. INTRODUCTION 
 

Magnetic cassette tapes were the de- facto 
standard for recording and preserving audio 
signals to a vast majority of people in the 20

th
 

century. This has led to the abundance of audio 
recordings with great historical and cultural 
values that exist in no other format [1]. 
Furthermore, these recordings have proved to be 
irreplaceable primary sources for disciplines such 
as linguistics, musicology, and many more [2]. As 
these tapes deteriorate over time, many of the 
recordings can be lost to time [3,4].Hence the 
need for techniques that can restore the fidelity 
of deteriorated playback signals from magnetic 
cassette tapes. 
 

The major cause of deterioration in the quality of 
playback signal from magnetic tape recordings 
stems from wear and tear on the magnetic tape 
due to repeated playback and age [5]. Sources of 
degradations can be divided into two general 
groups: global degradations and localized 
degradations. Global degradations introduce 
errors in all samples of the waveform and include 
background noise, wow and flutter and non-linear 
distortion. Localized degradations are errors that 
affect only certain samples in the waveform, [6,7] 
and this include noise, clipping and scratches on 
the surface of the magnetic tape [8]. Errors due 
to non-linear defect, clipping, noise and 
scratches on the tape surface were considered in 
this study. 
 

Errors due to non-linear defect in magnetic tapes 
can be modelled using sigmoid functions, [1] as 
 

	ℎ(�) = � ∗ arctan	(� ∗ �)                       (1) 
 

where 	�  represents the audio signal, β defines 
the amplitude and α affects the gradient. Another 
form of error is clipping, which is mainly due to 
high recording levels. Also it can be caused by 
tape “dropouts” due to poor-quality media being 
used and dirty record heads [8]. Clipping can be 
modelled as 
 

ℎ(�) = max	(min(�, 1) , −1)                            (2)    
 

where	� represents the audio signal. Noise is a 
form of error in magnetic tapes that can be 
modelled using Additive White Gaussian Noise 
(AWGN) [1,9]. The effect of scratches on the 
tape surface can also be modelled using AWGN 
at higher signal to noise ratio (SNR).  
 

A review of similar technique discussed in [10-
13], that utilized the high frequency bias signal in 

magnetic audio tapes or a reference signal to 
correct for errors show that the techniques has 
only been used in correcting for errors due to 
wow and flutter in the analog and digital domain 
and have not been developed to correct for other 
forms of errors especially in the analog domain. 
The work of [14] utilized the high frequency bias 
signal in the analog domain to correct for other 
forms of distortions but was unable to correct for 
errors that arises when the polarity of the error 
signal and that of the playback signal differs. This 
work aims at filling this gap. 
 

2.  PROPOSED TECHNIQUE 
 

Restoration of the playback audio signal was 
accomplished by means of a compensation 
technique which is represented mathematically 
as 
 

�(�) = 	�(�) + 	�����(�) −	��(�)��                  (3)  
 

�(�) = 	��(�) + 	�,                                          (4) 
 

To make  ��(�)  above zero volt, a dc offset 
voltage � is added before the differentiation          
                                                                             

� =
��(�)

��

�
��(�)

��
�
                                                 (5)

  
where  �(�), ��(�), ��(�), ��(�) are the  restored 
audio signal, playback audio signal, playback 
reference signal and input reference signal 
respectively. 
 

Based on the principle that the high frequency 
biased signal and the audio signal recorded on 
audio magnetic tapes have undergone the same 
level of distortion.The compensation equation 
therefore computes the error signal resulting 
from the high frequency bias signal to 
compensate for the distortion undergone by the 
audio signal. Equation 4 determines the polarity 
of the error signal required to compensate for the 
distortion undergone by the audio signal. This 
avoids the error that may arise when the polarity 
of the audio signal is different from that of the 
bias signal.The experiments were validated via 
simulation  
 

3.  RESULTS AND DISCUSSION 
 
A typical test signal is shown in Fig. 1 (obtained 
from Scope 1). It is a composite of two sinusoids 
of frequencies 6 kHz and 13 kHz with different 
amplitudes. The test signal was subjected to 
some processes that simulate distortions 
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experienced by playback signals. We attempted 
the following variations: 
 
i. Corruption of the signal by AWGN leading 

to a SNR of 5 dB. 
ii. Clipping of the playback signal. 
iii. Play back signal affected by scratches on 

the tape surface. 
iv. Play back signal affected by non-linear 

distortions. 
 

Results obtained using the test signal is as 
indicated in Figs. 2 to 6 (obtained from scope 2) 
and Tables 1 and 3. A 1 kHz monotone 
sinusoidal test signal subjected to clipping and 
nonlinear distortion was used in obtaining the 
result in Table 2. Comparing the test signal with 
the restored playback signal in Figs. 2b, 3b, 4b, 
5b and 6b, it can be observed that the distortion 
in the playback signal has been eliminated and 
the distorted playback signal restored. This 
demonstrates the ability of the proposed 
compensation technique to restore playback 
signal distorted by noise, clipping, nonlinearity 
and scratch. 
 

 
 

Fig. 1. Test signal (Multisine with frequencies 
of 6 kHz and 13 kHz) 

 

An improvement of about 6dB was observed 
when the technique is compared with [3] where a 
simple FIR digital filter was used to improve the 
output SNR of the distorted audio signal (output 
SNR of [3] was approximately 52dB). The 
techniques considered in [10-13] were only 

applicable to correction of wow and flutter and 
have not been developed to correct other forms 
of distortions. The technique developed in this 
study corrected for distortions due to noise, 
nonlinear distortion, clipping and scratch on the 
tape surface. Comparison with the technique 
developed in [14] shows that the develop 
technique can correct for distortions that arises 

when the polarity of the error signal ���(�) −

	��(�)�  and that of the playback audio signal 

(�(�)) differ. 
 

Distortion due to AWGN 
 

 
 

Fig. 2a. Distortion on test signal due to 
AWGN at input SNR of 5dB 

 

 
 

Fig. 2b. Plot of test signal and recovered 
signal (AWGN)

 
Table 1. Signal to noise ratio 

 
Distortion SNR of distorted playback signal SNR at the output (after correction 

of distortions) 
Noise -2.5dB 56.6dB 
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Simulink block diagram of the developed 
technique is shown in Fig. 7. The test signal is 
obtained from Scope 1, while Figs. 2 to 6 are 

obtained from scope. Fig. 8 shows the block 
diagram of the proposed analogue circuit 
implementation of equation 3. 

Distortion due to Nonlinear distortion  

 
 

Fig. 3a. Distortion on test signal due to 
nonlinear distortion 

 

 
 

Fig. 3b. Plot of test signal and recovered 
playback audio signal (Nonlinearity) 

 

  
Distortion due to clipping 

 
 

Fig. 4a. Distortion on test signal due to 
clipping 

 

 

 
 

Fig. 4b. Plot of test signal and recovered 
signal (Clipping) 

 

 
Table 2. Total harmonic distortion (5

th 
order) due to clipping and nonlinear distortion 

 
Distortion THD (distorted playback signal) THD (after correction of distortions) 
Clipping  -1.6dB  -40.32dB  
Nonlinear defect -1.6dB  -40.03dB 

 
Table 3. Signal to noise and distortion ratio (SINAD)  

 

Distortion on test signal  
 

SINAD of distorted 
playback signal 

SINAD at the output (after 
correction of distortions) 
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Distortion due to scratches on the tape surface  

 
 

Fig. 5a. Distortion on test signal due to 
scratching of the magnetic tape surface 

 
 

Fig. 5b. Plot of test signal and recovered 
signal (Scratching) 

 

Distortion due to AWGN, clipping, scratch and 
nonlinearity 

 

 

 
 

Fig. 6a. Multiple distortions on test signal due 
to AWGN, clipping, scratch and nonlinearity 

 
 

 

Fig. 6b. Plot of test signal and recovered 
signal (Multiple distortions) 

 

 
 

Fig. 7. Simulink block diagram of the developed technique 
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Fig. 8. Block Diagram of proposed analogue circuit implementation of equation three
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4. CONCLUSION 

 

Results obtained from the developed analogue 
techniques brought out the following conclusions; 

 

i. The developed analogue technique was 
able to correct for noise, clipping, 
scratches on the tape surface and 
nonlinear distortions in the playback audio 
signal. 

ii. The developed analogue technique was 
able to correct for distortions that arises in 
the playback signal when the polarity of 
the error signal and that of the distorted 
playback signal differs. 

iii. Some distortions were not perfectly 
restored; this may be due to the 
occurrence of breakages in the high 
frequency biased signal when the 
distortion is severe 

 

The technique will be useful in restoring the 
fidelity of playback audio signals from magnetic 
cassette tapes. 
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