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Abstract: - The paper presented below contains description of a research study concerning an automated system for 
objective diagnosis of the human auditory system.  In the paper selected aspects have been presented, concerning 
the detection of characteristic features of ABR signals. Attention has been particularly focused on the detection of 
those signal parameters, which are most important for the auditory system diagnosis.  The paper contains a detailed 
description of the preliminary processing of  ABR signals, as well as the determination of waves I, III and V and 
their respective latency periods. The presented work should be treated as the first stage in the process of 
construction of a fully automated, thus objective, system  for  aiding  the diagnostic process,  performed by the 
[medical] staff  of audiological  institutions.  
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1. Introduction 
The auditory brainstem response (ABR) signals are 
electrical signals of brain activity (EEG), which are 
generated as a response to an acoustic stimulus. At 
present they are the basis for the most objective 
methods of studying the human auditory abilities. The 
methods is applied particularly in the cases, when the 
application of classical audiometric  methods is 
difficult or impossible, as the examinations of infants 
and young children. 
Time dependence of a typical ABR signal contains 
five up to seven waves, denoted by roman numbers I to 
VII, registered within 10 ms from the occurrence of 
the acoustic stimulus. In the clinical evaluation of the 
ABR signals many various parameters, mainly related 
to the wave V, are taken into account, e.g. the latency 
period of wave V, the I-IV time distance, absence of 
some waves, particularly wave V, the amplitude ratio 
of wave V and wave I [3]. 
Diagnosis of hearing damages, using the registration of 
the ABR signals, is based on the analysis of the 
recording morphology and latency periods of 
particular waves. The second criterion seems to be 
much more convenient for formulation as a set of 
simple rules, which provide a way to check whether a 

given recording can be classified as a regular one. At 
present it has been accepted, that the latency periods of 
particular waves should be contained within the limits, 
determined in the tests of large number of people with 
normal hearing abilities. However the determination of 
the above mentioned limits, with the nonzero 
probability of error occurrence, requires measurements 
for large number of samples, what in turn calls for 
automation of the process of maxima determination in 
the ABR signals (Fig.1). Because of the considerable 
individual variety, high level of low-frequency noise 
and the occurrence of muscular artifacts, the task of 
latency period determination  (localization of the 
maximum in the ABR recording) for a given wave 
becomes complicated, particularly for the small 
amplitudes of the activating signal (< 50 dB). For these 
cases it is very easy to take a noise bump or an 
accidental artefact for a real wave and vice versa. Up 
to date  no characteristic features have been defined, 
which would allow, as for the ECG case, a precise 
localization of the parameters of particular waves. The 
scheme proposed below is an attempt of automation 
for the process of latency period determination for 
particular waves and it is a results of a heuristic  
treatment, based on the analysis of large number of 
samples. 



A typical recording of the ABR signal is presented in 
Fig.1. The recording has been obtained by ABR signal 
registration from a person with absence of any hearing 
irregularities. Thus it can be treated as a standard 
electrical response sequence for acoustic stimuli of 
various intensities. Each sample is a 1000 element 
vector, and the sampling period is equal to 10 us.  
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Fig.1  A typical recording of ABR signal, registered 
from a person with normal hearing abilities.  On the 
right hand side the intensities of the activating signals 
are denoted.  With decreasing intensity of the stimulus 
the amplitudes of particular waves decrease, while 
their latency periods increase.  

 
 

2. Preliminary data processing 
Initially the signal is filtered using low-pass FIR-type 
digital filter, with the cutoff frequency fo=0.07 [10], 
then the average value and linear trend are removed 
from each sample and every second data point is 
selected.  Thus the number of data is reduced to 
n=500. Due to that processing the obtained data 
sample looks as shown in the figure below (Fig.2). 
The signal obtained after such treatment still contains 
local maxima, which are obstructions in the process of 
determination of latency periods for particular waves. 
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Fig.2 Exemplary sample. The upper plot shows the 
original data sample. The lower plot - the data sample 
after filtration, extraction of the average and linear 
trend, and selection of every second data point. 
 
In order to eliminate the maxima the preprocessed 
signal is subject to another filtering, described by the 
following formula: 
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The w(k) function takes the form: 
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h - denotes the sampling period, the σ parameter 
determines the cutoff frequency for the filter (1). 
 
As a result of the filtering operation (1) the false 
maxima are extracted from the original signal (Fig.3). 
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Fig.3 Result of application of the filtering operation 
(1). The original x(i) (black) and filtered y(i) (blue) 
data plots are presented. 



3. Detection of wave  I, III and V 
For localization of the maxima a special detection 
algorithm, dedicated to this particular case, has been 
applied.  
 
Data  x(i), y(i), i = 1,...,n 
k = 1,i=1 
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3. i = i + 1, 
      If (i<n), 
                  go to 1 
      otherwise 
                  end. 
 
In the second step of the algorithm the necessary 
condition is checked for existence of a maximum  for 
the y(i) signal.  This leads to determination of an 
approximate maximum location in the x(i) signal. Then 
the maximum value is selected from the set of x(i) 
signal data points, for which the indices belong to the 
{imax-p,...,imax+q}. set. In such a way the maximum 
location is determined for the x(i) signal. The p, q, 
σ values have been selected experimentally and the 
actual values are p=10, q=25.  The σ values have 
increased from 8 ms for the 120dB up to 12ms for the 
activating signal amplitudes less than 70dB.  As a 
result of application of the above algorithm the 
following data pairs are obtained: 
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which determine the maximum location and the 
respective signal data point value.  The number of 
maxima found depends on the shape of the signal 
recording and the σ parameter. Fig.4 presents the result 
of the algorithm application for a particular ABR 
recording. 
 

0 100 200 300 400 500 600 700 800 900 1000
 

 

 

 

 

 

 

 

 

 

 

i

120dB 

50dB 

 
Fig.4 The locations of waves I, III and V determined 
by the algorithm described above. 
 
 
4. Determination of standard values and 
dispersions for latency periods of w`ave 
I, III, V. 
In the following stage the standard values have been 
determined for the latency periods of wave I, III, V. It 
is well known that for normal persons the latency 
periods of particular waves depend on the stimulus 
type (tone, crackle) and its intensity, as well as the sex 
and age of the examined person. For the considered 
case the data have been obtained from normal, healthy 
man in the age between 30 and 50, and the activating 
signal was a short pulse with intensity between 50 and 
120 dB.  In order to determine the distribution of the 
latency periods for particular waves the following 
estimator has been used [11]: 
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where: 
ti - the maximum location, determined using the 
algorithm constructed earlier, for a given stimulus 
intensity, 
s - parameter (selected from the 0.01-0.5 range) with 
actual value s=0.25 
m - the number of isolated maxima 



In Figs.5,6 the latency period distributions, obtained 
from formula (3), are presented. The distributions are 
multimodal in nature, and the locations of their 
maxima determine the average values for the latency 
periods of particular waves. Let k

mt  denotes the 
average value of the latency period for the k-th wave 
and let kτ fulfills the following condition: 
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The above equation may exhibit multiple solutions or 
may have no solution at all. Let's denote the solutions 
(if they exist) by k

nk
kk τττ ,..,, 21 . The number  

 
},..,,min{ 21

k
nk

kkk
mt τττδ =  

 
can be treated as a measure of dispersion for the 
latency period of the k-th wave (Fig.5). 
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Fig.5 Exemplary distribution of latency periods 
determined for the stimulus intensity 120dB. The red, 
horizontal line marks the half value of the wave V 
amplitude, and the dashed lines denote the solutions of 
the equation: 
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The procedure described above has been used for 
determination of average values of latency periods and 
their dispersions for 1140 ABR recordings.  Fig.7 
presents the dependence of latency periods of wave I, 
III and V on the stimulus intensity, together with their 
boundary values 
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Fig.6  The latency period distributions for particular 
waves determined for various intensities of the 
stimulus. It can be noticed that with the decreasing 
stimulus intensity the dispersion of the distribution 
increases and  the latency periods of particular waves 
also increase.  
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Fig.7 The standard values for latency periods of waves 
I, III, V, for various intensities of the stimulus. 
 
5. Conclusions 
The procedure described above enabled the 
determination of average values of latency periods and 
the measure of their dispersion for more than 1000 
samples. The results, obtained by application of the 
method described above, have been compared with the 
standard values of latency periods for waves I, III and 
V, determined through empirical observation by the 
audiologist and full accordance has been founds, what 
provides a good basis  for an optimistic view on the 
prospects of designed system,  for which the main 
objective is the elimination of unobjective, human 
factor from the diagnostic process. 
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