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Abstract — A parameter mapping sonification method can be 

used to convert EEG data into a sound. Sound equivalents of 

different EEG changes could help clinicians during EEG 

recording, monitoring and analysis. This method could also be 

used in home surveillance systems in people with epilepsy. We 

present an example of using a parametric based algorithm for 

epileptic discharge detection by non-expert listeners with short 

pre-training. The algorithm was applied onto data collected from 

two patients with epilepsy and different EEG abnormalities. 

Index Terms — Sonification, Epilepsy, EEG 

I. INTRODUCTION 

A. Sonification techniques 

One of the approaches to electroencephalographic (EEG) 

data analysis is translating it into a sound domain and 

exploiting high sensibility of the auditory system [1]. Idea of 

converting EEG signal into the sound is actually almost old as 

EEG technique itself and dates to early 1930s when Edgar 

Adrian listened to his own EEG signal [2]. 

According to the International Conference on Auditory 

Display (ICAD), sonification represents ”the use of non-

speech audio to convey information; more specifically 

sonification is the transformation of data relations into 
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perceived relations in an acoustic signal for the purposes of 

facilitating communication or interpretation” [3]. 

There are various methods for converting EEG signals into 

a sound such as audification, parameter-mapping sonification 

(e.g. event based, vocal sonification, and hybrid models), 

model-based sonification, and generative music [4].   

Audification technique includes amplification and temporal 

compression of EEG data resulting in the sound spectrum 

shifted to a suitable audible range [4, 5]. Parameter-mapping 

sonification method is mapping values of a selected measured 

variable to a sound synthesis parameter: frequency, 

brightness, or amplitude [1, 4, 6]. Event-based sonification 

uses some relevant EEG events of interest extracted from the 

underlying data and then represents them by sound [7]. Vocal 

sonification technique converts specific EEG signal features 

into vowel sounds, especially combination of a-e-i [8]. Hybrid 

models combine some of previous sonification models [9]. 

Model-based sonification uses mathematical models which 

generate sound according to EEG data input [4]. Generative 

music systems use musical rules to create sound output using 

EEG data as a control signal. Example of this is using music 

in brain-computer interface paradigm (BCI), named brain-

computer music interface (BCMI) [4, 10]. 

B. Epilepsy and  EEG  

Between 34 and 76 new cases are diagnosed per 100,000 

people every year [11]. In pediatric populations, epilepsy is 

one of the most common neurological disorders, with an 

incidence rate of 45/100,000 per year [11]. 

According to the International League Against Epilepsy 

(ILAE), epilepsy is a disease of the brain defined by any of 

the following conditions: 1) at least two unprovoked (or 

reflex) seizures occurring > 24 h apart; 2) one unprovoked (or 

reflex) seizure and a probability of further seizures similar to 

the general recurrence risk (at least 60%) after two 

unprovoked seizures, occurring over the next 10 years; 

3) diagnosis of an epilepsy syndrome [12]. 

As a complication of epilepsy, status epilepticus is 

prolonged epileptic seizure (more than 5 minutes) and it has a 

high mortality, from 3% in children up to 30% in adults [13]. 

Unrecognized and untreated epilepsy, despite status 

epilepticus, has high morbidity leading to psychological and 

emotional disturbances, or cognitive changes [11]. A serious 

acute complication in people with epilepsy is sudden 

unexpected death in epilepsy (SUDEP), which can affect 

individuals of any age, bur mostly young adults aged 20–45 

years [14]. 
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Epilepsy is a clinical diagnosis, but EEG is the most 

valuable technique in defining and monitoring epilepsy. In 

clinical settings, the most commonly used is 16- to 21 

channel-EEG with 10-20 -electrode placement system using 

from 18 to 21 electrodes with one ground electrode [15, 16]. 

EEG frequency bands are divided into delta (0.1 – 3.5 Hz), 

theta (4 – 7.5 Hz), alpha (8 – 13 Hz), beta (14 – 35 Hz) and 

gamma (35 – 70 Hz) [16, 17]. 

Abnormal slow rhythms on EEG are characterized as focal 

or generalized, rhythmic (monomorphic) or polymorphic 

(arrhythmic), intermittent or continuous, and in terms of the 

dominant frequency (delta or theta). They can be signs of 

serious brain pathology such as epilepsy, stroke, tumor, 

infection, metabolic disorders, or brain trauma [18, 19, 20]. 

C. EEG data sonification in epilepsy 

Auditory representation of EEG data is at this moment in 

development for clinical usage in the field of epilepsy 

monitoring and treatment [4-7]. Aldo the visual guided EEG 

data analysis is well established and has the long tradition, it 

could benefit in future combined with auditory input, 

especially for long-term on-line or off-line epilepsy 

monitoring and also in potential treatment using biofeedback 

paradigms [21]. Auditory perception of EEG data in 

biofeedback/epilepsy monitoring paradigms is suitable for few 

reasons: a) EEG seizure patterns and music sounds both have 

pronounced frequency patterns; b) humans are capable of 

focusing on particular sound in noisy environment (“the 

cocktail party effect”) and c) listening to the music could be 

more motivating than just leaning on the visual guidance [21].   

D. Potential use of sonification techniques  

EEG sonification techniques can be used for real-time EEG 

monitoring (e.g., brain state monitoring during surgery 

anesthesia, EEG monitoring in neonatal intensive-care unit or 

home seizure detection systems in people with epilepsy), 

diagnostic purposes (e.g., epileptic seizure detection in 

prerecorded data), neurofeedback, BCI/BCMI, and others [4]. 

E. Aim of the study  

The aim of this study was to test feasibility of a parameter-

mapping sonification algorithm in epileptic discharge 

detection. This algorithm (earlier presented by N. Malešević 

[22]) was applied onto EEG samples from two patients with 

epilepsy and it was tested in an e-mail survey with lay 

persons.  

Our long term goal is to develop the real-time sonification 

algorithm which could be used by experts and non-expert 

listeners in epileptic EEG discharges detection with minimal 

pre-training. We tend to generate rather “pleasant” sound for 

long term EEG data analysis, which could be used as a sole 

method in seizure detection or as an auxiliary method to the 

visual EEG analysis.    

II. SUBJECTS AND METHODS  

The first subject was a female toddler, aged 2 years, with 

Wolf-Hirschhorn syndrome characterized by generalized 

epilepsy within non-progressive epileptic encephalopathy 

(with slow wave EEG dysfunction) [23, 24]. The patient was 

receiving antiepileptic medication sodium-valproate.  

The second subject was a male adolescent; aged 16 years, 

with complex partial epilepsy, receiving levetiracetam as 

antiepileptic medication. 

For both subjects, an informed consent was provided by 

their parents. 

A. Sonification algorithm 

Standard video-EEG recording was obtained using clinical 

EEG apparatus (NicoletOne, Sampling rate 500 Hz, Notch 

filter 50 Hz) and 10–20 electrode system placements [17].  

The first subject had a slow basic activity in theta band (5-

6 Hz) with multiple bilateral slow wave epileptic bursts 

(2.5 Hz), while the second subject had a regular alpha band 

basic activity (10-11 Hz) with a single short bilateral epileptic 

paroxysm.  

The basic step of the EEG processing procedure was the 

calculation of signal power within 4 characteristic EEG bands: 

theta, alpha, beta and gamma. The calculation was done using 

128 samples wide moving window function, which makes it 

suitable for the real-time implementation (0.32 s delay). Two 

frontal differential channels (Fp2-F4 and Fp1-F3) for the right 

and left sound outputs were selected. Changes in EEG data 

were the most prominent in selected channels.  

For the theta dysfunction observed in the first subject, a 20 

second-sound equivalent was generated using the sonification 

algorithm and short training audio file named theta_1 was 

created. For the epileptic paroxysm observed in the second 

subject, a 6 second sound equivalent was generated using the 

same algorithm and short training audio file named 

paroxysm_2 was created. 

To increase statistical relevance of the evaluation test, we 

repeated and randomly embedded labeled theta dysfunction 

and paroxysm event five times each within 10 minutes of the 

normal EEG recording from the second subject, while the rest 

of the signal remained unchanged including natural variations 

(short non significant single spikes and muscle activity 

artifacts). This hybrid test sound file was named AUDIO. 

Translating the EEG into a sound was guided by two 

factors; dominant EEG features changes during detected 

epileptic paroxysm and theta dysfunction events and the 

harmony of sound output. Distinctive spectral features of both 

events were implemented as the key factor in sound synthesis 

algorithm. Comparing power portions inside different bands, 

we could discriminate not only “normal” from the paroxysm, 

but also intermediate states that are used to provide higher 

sensibility and transient feedback. The implementation of our 

algorithm during events was designed to result in increases in 

sound volume and a chord base frequency, but consequently, 

to increase the dynamics of the generated sound. The idea was 

to stress out important changes in EEG data. With the 

intention to have characteristic sound pattern during the event 

but also, relatively dynamic and harmonic sound while EEG is 

in “normal” range, we derived a method of generating chords 

related to log or relative spectral powers. Otherwise, as the 

EEG signal amplitude during “normal” periods is significantly 

lower than while paroxysm, it would result in constant chord 

that becomes very unpleasant in short period of time. The 



 

EEG spectrogram and the output sound spectrogram are 

shown in Figure 1. The sonification algorithm is presented on 

Figure 2. 

B. Sonification validation via survey  

Eighteen volunteers (39% males; mean age 28.2 ± 6.5 

years; biomedical engineers, students of biomedical 

engineering and healthcare professionals) participated in a 

survey. They were instructed to listen to the training audio 

files: theta_1 and paroxysm_2 and then test the file AUDIO. 

During listening to the test file, they had to fill the scales and 

to determine which of the events it was (the theta dysfunction 

labeled as 1 or the epileptic paroxysm labeled as 2) and when 

they occur within AUDIO file. Finally, they were asked to rate 

the sound sample and to answer whether they would be able 

to listen to the test file in the background, while performing 

some other, usual activity.  
 
 

 

 
 

Fig. 1. The EEG spectrogram (upper picture) of 10 min and spectrogram of 
the corresponding single channel audio signal (lower picture). EEG recording 

with 10 times randomly inserted epileptic paroxysm (5 times slow wave 

dysfunction – wide vertical bars and 5 times paroxysm – narrow vertical 
bars). The time of slow wave dysfunction occurring was respectively: 20, 64, 

202, 361, 545 s.  The time of paroxysm occurring was respectively: 165, 245, 

330, 462, 485 s. 

III. RESULTS 

 In total, 54.4% of all events were detected accurately by 

our participants (Table 1). The Theta_1 event was accurately 

registered by 77.8% of cases, while the Paroxysm_2 event 

was accurately registered by 31.1%. The sensitivity of the 

method was 54.4% (true positive rate: TPR= TP/ (TP+FN)) 

and the precision was 38.4% (positive predictive value: PPV= 

TP/ (TP+FP)). The false discovery rate (FDR= 1 – PPV) was 

0.62, while the false negative rate (FNR= 1 – TPR) was 0.46. 

During the survey, subjects didn’t have to reject “false” 

changes in the sound sample, thus there were no true negative 

values (TN) and the specificity (SPC, true negative rate) was 

not calculated. The sample sound was marked between 

“unpleasant” and “pleasant”.   

 

Fig. 2. Sonification algorithm which consists of 8 steps from recording of the 

EEG data to the generation of the sound sample. 

 
 

 

 
 

 

 
 

 

 
 

 

 



 

TABLE I 

SURVEY RESULTS REGARDING SONIFICATION ALGORITHM EFFECTIVENESS 

ASSESSMENT (MEAN ± SD [MIN]) 

 

Average number of 

registered events in the 

sound sample 

14.2 ± 4.5 

Average number of 

accurately registered 

events (n=10) 

5.4 ± 3.1 

Average number of 

accurately registered 

theta_1 event (n=5) 

3.9 ± 1.6 

Average number of 

accurately registered 

paroxysm_2 event (n=5) 

1.6 ± 2.2 

The test sound average 

mark/description (0 – very 

unpleasant, 1 – unpleasant, 

2 – pleasant, 3 – very 

pleasant) 

1.44 ± 0.6 

(between 

unpleasant and 

pleasant) 

Would subject be able 

to listen to the sound in 

background while 

performing some other 

activity (and how long)? 

2/3 would be 

able (from < 1 

min. up to > 6 h) 

 

IV. DISCUSSION 

This paper presents further development and evaluation of 

the spectral analysis - parameter mapping sonification method 

which was earlier described [22].  

Contrary to the previous research of De Campo [6], when 

was used a real time sonification method combined with EEG 

reader in population of EEG specialists – neurologists, or 

medical practitioner and neuroscientists according to Vialatte, 

[25], our resulting sound was evaluated mostly by non-

neurologists and non-medical practitioners. The majority of 

sound raters in survey had no previous knowledge in the field 

of clinical encephalography. This makes our sound evaluation 

more objective regarding possible further implementation of 

this sonification method in non-hospital conditions and usage 

by non-medical users. 

A similar study approach was used by Loui [21] where they 

have tested parameter mapping sonification algorithm on 

epileptic and non-epileptic EEG data in off-line conditions. 

After a short training, average hit rate of non-expert listeners 

was 63.5%. Our average hit rate was 77.8% for the theta 

dysfunction and 31.1% for the short paroxysm. In the 

mentioned study, listeners had only to choose whether the 

sound is “epileptic” or “non-epileptic”, while in our study 

listeners had to differentiate between two “epileptic” sounds 

randomly occurring in a “non-epileptic” background.  

The basic sound (representing non-epileptic EEG data from 

second subject) changed dynamically - predominantly with 

alpha band frequency oscillations. Major changes were 

randomly incorporated two sound events lasting 

approximately 20 and 6 seconds, respectively. In addition, 

numerous non-significant single spike discharges and artifacts 

in background EEG data changed the corresponding sound to 

some extent. This can explain why the second sound event 

(paroxysm_2) was under recognized. Namely, the second 

sound event was hard to differentiate from normal background 

sound oscillations, due to its short durance and similarity to 

short non-significant bursts in EEG, as opposite to the first 

sound event, which demarcated itself more profoundly 

regarding duration and frequency. In the study by Loui [21] 

only short (10 s) samples of normal EEG without bursts or 

artifacts were used to create “non-epileptic” sound. We used 

10 minutes of EEG recording with all non-significant bursts 

and artifacts for “non-epileptic” sound. This makes our 

approach more realistic to clinical or home conditions.  

Earlier studies implemented sonification methods in long-

term EEG monitoring in hospital conditions (e.g. intensive 

care unit with two channel low resolution EEG recording) [2, 

5]. Our method is not suitable for long term surveillance due 

to its low sensitivity (54.4%) and low precision (38.4%), thus 

it needs further assessments  

V. CONCLUSION 

Preliminary from this study, it is possible to convert 

pathologic EEG data into an acceptable sound using the 

parameter mapping sonification method. This real time 

method could be used in clinical or home conditions for slow 

wave dysfunction detection. It demarks longer events with 

grater differences in frequency spectrum compared to 

background activity. It needs further tuning-up and evaluation 

in many other types of epilepsy.  
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