
Paper—Brain Dynamics in Response to Intermittent Photic Stimulation in Epilepsy 

Brain Dynamics in Response to Intermittent Photic 

Stimulation in Epilepsy 

https://doi.org/10.3991/ijoe.v18i05.27647 

Tahereh Najafi1, Rosmina Jaafar1(), Rabani Remli2, Wan Asyraf Wan Zaidi2,  

Kalaivani Chellappan1 
1 Dept of Electrical, Electronics & Systems Engineering, Universiti Kebangsaan Malaysia, 

Bangi, Malaysia  
2 Dept of Medicine, Hospital Canselor Tuanku Muhriz, Univeristi Kebangsaan Malaysia,  

Cheras, Malaysia 

rosmina@ukm.edu.my 

Abstract—Routine electroencephalogram (EEG) examinations uses intermit-

tent photic stimulation (IPS) for investigation of the visual cortex EEG responses 

during resting time. This study aimed to discover brain dynamics effects of IPS 

in 28 generalized epilepsy patients and 28 healthy subjects. Signal processing 

techniques were used in feature extraction by Fast Fourier transform (FFT), fea-

ture dimension reduction by t-test (significant, p<0.05) and classification by near-

est neighbor (k-NN) and support vector machine (SVM). The epilepsy group had 

higher level of amplitude in Theta waves compared to the healthy group. The 

Alpha waves in the resting time and for all IPS frequencies were observed with 

lower level of amplitude in healthy subjects compared to the epilepsy group. The 

k-NN (85.7% accuracy) classifier had the best discrimination of epilepsy from 

healthy group for resting time versus during IPS at 18 Hz IPS. However, using 

SVM (75.0% accuracy), IPS at 25 Hz yielded the best discrimination between 

resting time versus IPS in epilepsy where the healthy group responded similarly 

in all IPS frequencies. This study shows that IPS at 18 Hz and 25 Hz are suitable 

IPS frequencies for k-NN and SVM, respectively, to discriminate non-photosen-

sitive generalized epilepsy from normal subjects during interictal.  

Keywords—intermittent photic stimulation (IPS), electroencephalography 

(EEG), epilepsy; support vector machine (SVM), k nearest neighbor (k-NN) 

1 Introduction 

Epilepsy is a chronic disorder inducing subject to experience seizure due to impair-

ment of excitatory and inhibitory pathway in neural activities. People with epilepsy face 

cognitive challenges, medical and psychiatric comorbidities, and social stigmatization 

and in some cases, lower annual incomes and physical limitations leading to poor qual-

ity-of-life (QOL) [1]. A recent study reported the prevalence of lifetime epilepsy is 7.8 

per 1000 persons in Malaysia in 2021 [2]. The progress in brain cognition, epilepsy 

management and control can be achieved via anti-seizure medication (ASM) as part of 
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the treatment strategies. Epilepsy diagnosis most of the time is investigated during in-

terictal in the absence of seizure usually by clinical neurologists via visual inspection 

on the EEG waveforms. Normal EEG does not rule out epilepsy and the visual EEG 

evaluation has high false negative result from routine EEG analysis. Hence a more sen-

sitive method shall be adopted to increase the sensitivity of epileptic detection using 

advanced software/algorithm. 

Intermittent photic stimulation (IPS) is a form of visual stimulation accompanied by 

changes in neuronal activity by triggering specific visual stimuli [3]. Although the re-

sponses of IPS in each subject is varied [4], various investigations have been done in 

different studies such as epilepsy and generalized anxiety disorder and etc. [5]. Elec-

troencephalography (EEG) is a non-invasive technique that can explore the responses 

of visual stimuli by measuring the electrical potentials on the head surface resulted by 

neural activities.  

In epilepsy, visual stimuli are the stimulus which can provoke seizure, evoke parox-

ysmal discharges as spikes in particular brain regions or exhibit a normal phase-locked 

responses [6]. Although a variety of diagnostic methods are available, EEG as a non-

invasive routine technique vastly used in diagnosis and visual stimulation as a diagnos-

tic intervention that plays a valuable role in this journey specifically during interictal 

[7], [8]. The responses to visual stimulation are varied depending on the specifications 

of stimuli itself in the aspect of factors such as intensity, duration, distance from the 

source, background illumination, type of pattern, background illumination, contrast, 

and color [9]. Furthermore, it is demonstrated that subjects’ biodiversity in the aspect 

of types of sensitivity; photo-induced seizure, photoparoxysmal response (PPR), pho-

tosensitivity and photomyoclonic response effects the responses [6]. 

In most of epilepsy studies evaluating the effect of visual stimulation, the subjects 

had photosensitivity. In [10], twelve photosensitive epilepsy patients were examined in 

front of different colors of photic stimulation; white, red, blue, green and yellow light 

respecting to the evaluation of intensity of EEG activity. The achievement of study was 

benefitted in designing more appropriate sunglasses respecting seizure prevention. 

Rhythmic visual stimulation leads to a neural entrainment originated from synchroni-

zation of neural activity with the periodic properties of the stimuli [11]–[14]. The hy-

pothesis was supported in [14] by presenting this importance that the exact synchroni-

zation of cerebral rhythms leading to a certain type of seizures which were out of step 

previously. Resting time and 14 Hz IPS focused on estimating power spectrum density 

and coherence profiles using autoregressive parametric model (AR) was investigated 

in [15] photosensitive idiopathic generalized epilepsy. The study resulted a signifi-

cantly larger number of coherence peaks in the Gamma band in patients with respect to 

controls where in IPS coherent Gamma activity is mainly presented as IPS frequency 

harmonics. Alpha activity peaks appeared in controls but not in patients in confront of 

IPS. In [16], while simultaneous recordings of EEG and functional MRI (EEG-fMRI) 

were applied on photosensitive idiopathic generalized epilepsy patients revealing the 

activation of spike-wave discharges in thalamus and deactivation in frontoparietal ar-

eas. The result showed a significant activation in the visual cortex confronting IPS. 

Furthermore, while early regressor showed photo PPR in the parietal cortex and in the 

premotor cortex, standard regressor presented deactivation in early activated areas in 
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all subjects and thalamic activation in one subject. Respecting to the hypothesis that the 

reduce of inhibitory effect of Alpha oscillations may be associated with PPR [17] in-

vestigated on photosensitive subjects. Linear and non-linear spectral characteristics of 

Alpha rhythms were studied during visual stimulation. Despite a desynchronization of 

Alpha power persistence over occipital region in both case and control groups, the ac-

tivity appeared in central lobe for only case group. The study resulted a reduced bi-

coherence of the central Alpha frequency band in case group against the claim attributed 

by hypothesis.  

In this study, the EEG from two groups; 28 normal and 28 patients with generalized 

epilepsy with no report of PPR, were investigated. The objective of the study was to 

discover the brain dynamics in the aspect of power of frequency band during resting 

time and visual stimulation. In this regard, IPS under nine continuous frequencies; 8, 

10, 12, 14, 16, 18, 20, 25 and 30 Hz, were elicited to the groups. Brain signal processing 

concentrated on feature extraction, feature selection and classification were applied on 

the signals obtained from one channel from the visual cortex. The study is summarized 

in two approaches: 1) Discovering the differences between case and control groups in 

each experimental condition, 2) Figuring out the differentiations between resting time 

and each IPS within an individual group.  

This study contains three main sections after introduction, brain signal processing 

techniques and the two well-known machine learning classifiers via k nearest neighbor 

(k-NN) and support vector machine (SVM) as described in the method section. Next, 

the focus of our study categorized in EEG dataset, feature extraction, feature selection 

and classification, will be explained. The study constitutes two approaches which are 

explained in each sub-branch of the methodology sections. The study will be concluded 

after discussing about the results of both approaches. The references will be indicated 

at the end of the paper. 

2 Materials and methods 

2.1 Brain signal processing 

With the focus on EEG, brain signal processing is a technique that provides the con-

dition to describe brain dynamics by analyzing the signals on the scalp recorded by 

EEG. The signals are electrical potential differences resulted by neuronal activity in 

intracranial in time series data between two electrodes placement on the scalp according 

to 10-10 or 10-20 systems [18]. In total, brain signal processing is summarized in three 

main steps after the acquisition; feature extraction for extracting the attributions from 

the signal, feature dimensionally reduction and classification [19]. EEG signals can be 

analyzed in time and frequency domain. Figure 1 shows a general overview of brain 

signal processing steps. Research shows that brain emits specific range of frequency 

bandwidths in certain times such as Delta (0.5-4 Hz); during deep and dreamless sleep, 

Theta (4-8 Hz); during relaxation and meditation, Alpha (8-12 Hz); in awake and calm-
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ness, Beta (12-30 Hz); lower beta where the subject is awake and higher beta confront-

ing anxious, and Gamma (over 30 Hz); during hyper brain activity [20], [21]. Figure 2 

presents various frequency bandwidths of the brain signals.  

In a study by Najafi and et al, the role of brain signal processing is described in an 

epilepsy study [22]. The study reported that the technique was mainly performed well 

in detection with the focus on 1) epilepsy status; by extracting the features being able 

to classify various statuses of epilepsy such as interictal vs ictal, 2) epilepsy type; by 

finding the differentiation between various types of epilepsy based on the seizure type 

such as generalized vs focal, 3) epilepsy marker; by detecting the abnormalities in the 

epileptic signals and 4) surface localization; with a concentration on the standard of 

EEG electrode placements to discover the level of potential activities and the possibility 

of reporting seizure onset zone (SOZ). In addition, it has resulted that the analysis can 

be done in prediction towards notifying the seizure by processing the long-term EEG 

signals. In this study FFT in feature extraction step, t-test was applied for feature selec-

tion and the classifiers; SVM and k-NN, were utilized in the classification step. 

 

Fig. 1. An overview of brain signal processing steps 

 

Fig. 2. Various brain frequency bandwidths 

Support vector machine (SVM). The performance of the SVM classifier relies on 

the choice of the regularization parameter C or the box constraint and the kernel param-

eter or the scaling factor leading to a hyperplane parameter [23].  

Mathematically, SVM refers to solving a quadratic problem (Q.P) with minimizing 

equation (1).  

𝑄. 𝑃: 𝑚𝑖𝑛 
1

𝑛
𝛼𝑇𝐻𝛼 + 𝑓𝑇𝛼 ,    ℎ𝑖𝑗 = 𝑦𝑖𝑦𝑗 𝑥𝑖

𝑇𝑥 ,    →    𝐻[ℎ𝑖𝑗]𝑛×𝑛 ,    𝑓𝑖 = −1 , (1) 

Where 𝐻 represents inputs and 𝑓 considered as internal parameter equals to −1 and 

𝛼 which is multiplied to H in order to find the positive and negative lines that must be 

found. After finding 𝛼 by solving Q.P, the biases of the SVM lines are needed to be 

found. Considering the equations (2) and (3) and the amounts of 𝜔 and 𝑆, the value of 

bias will be found based on equation (4). 

 𝜔 = ∑ 𝛼𝑖𝑖 𝑦𝑖𝑥𝑖  , (2) 

 𝑆 = {𝑖 | 0 < 𝛼𝑖 < 𝑐} , (3) 

Aquisition Pre-processing Feature extraction
Feature dimension 

reduction
Classification
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 𝑏 =
1

|𝑆|
∑ (𝑦𝑖𝑖𝜖𝑆 − 𝜔𝑇𝑥𝑖) , (4) 

K-nearest neighbor (k-NN). The k-NN algorithm is a non-parametric learning 

method used to classify objects based on their closest training examples in the feature 

space. An object is classified by a majority vote of its neighbors [24]. The Euclidean 

distance metrics 𝑑(𝑥, 𝑦) between two points 𝑥 and 𝑦 is calculated using the equation 

(5). Where 𝑁  is the number of features 𝑥 = {𝑥1, 𝑥2, 𝑥3 … 𝑥𝑁}  and 𝑦  =
 {𝑦1 , 𝑦2, 𝑦3 … 𝑦𝑁}. The number of neighbors used to classify the new test vector was 

varied in the range of 1 to 10, and its effects on the classification performance is deter-

mined in the form of classification accuracy considering to the standard deviation [23].  

 𝑑(𝑥, 𝑦) =  ∑ √𝑥𝑖
2 + 𝑦𝑖

2𝑁
𝑖=1  (5) 

2.2 Brain dynamics in response to IPS in epilepsy 

In this study, IPS as the visual stimulation was elicited to provide a comparative 

condition for analyzing EEG signals between case and control groups. The analysis 

covered by brain signal processing techniques was concentrated on FFT for extracting 

features, t-test for significant feature selection; and k-NN and SVM for classification. 

The algorithms of each step were implemented on MATLAB R2020a which in detail, 

BrainStorm V.2021 and ClassificationLearner toolbox were employed in data acquisi-

tion and classification steps, respectively. The hardware system for this analysis was 

considered an Intel® Core™ i7 desktop with 2.20 GHz processor and 8 GB of RAM. 

In the next sections, the detail of brain signal processing techniques used in this study 

will be described.  

EEG dataset. In this study, the retrospective data were collected from 56 subjects; 

28 healthy subjects and 28 generalized epilepsy patients, who visited the Neuro Clinic 

of Hospital Canselor Tuanku Muhriz (HCTM), Universiti Kebangsaan Malaysia 

(UKM) in 2020. Age of the subjects recruited in this study was between 21-60 years 

for both case and control groups. Categorization of case and control groups was based 

on the EEG reports indicating epilepsy (evidenced by diffuse generalized cerebral dis-

turbance) and normal EEG, respectively. Pregnant ladies, patients with retardation or 

having previous brain injuries were excluded. This study received ethics approval from 

the UKM Research Ethics Committee (UKM PPI/111/8/JEP-2021-177). EEG data 

were recorded during interictal. None of the subjects in both the healthy and epilepsy 

groups were reported having PPR. The subjects diagnosed as epilepsy were of category 

generalized epilepsy and no reports of the presence of epileptiforms in the recorded 

EEG. 

EEG recordings were performed in the neurology laboratory where each subject was 

placed in a low lighted room at normal room temperature. Nicolet-One EEG device was 

utilized to record EEG signals at 500 Hz sample rate based on the 10-20 system in the 

conditions of resting time and variable IPS frequencies. To prevent signal distortions, 

impedances at each electrode contact with the scalp was kept below 5 kohm. Intermit-

tent photic stimulation specified by white light is divided in a set of 12 series of fre-

quencies: 1 Hz, 3 Hz, 6 Hz, 8 Hz, 10 Hz, 12 Hz, 14 Hz, 16 Hz, 18 Hz, 20 Hz, 25 Hz 
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and 30 Hz. The IPS signal radiated from a strobe light located in front of the subjects’ 

face with the distance between 20 to 30 cm. The potential difference between electrode 

O1 (located in left occipital lobe) and the reference; placed on the right fronto-central 

region, was recorded in 10 seconds for each event. For the resting time, 10 seconds 

signal before the first IPS was considered the zero frequency and baseline signal. In 

this study, due to the condition of flickering response-coverage by a maximum of 250 

milliseconds, nine IPSs (between 8 Hz to 30 Hz) are studied [25]. As 1 Hz IPS is in-

duced once in a second whereas the response of IPS is; by maximum, 250 milliseconds 

equal to ¼ of second, the whole one second will be contained IPS responses (¼ second) 

and non-IPS responses (¾ second) as the rest. The response by inducing 3 Hz IPS with 

three stimuli in a second, passes the threshold as well. In order to eliminate analyzing 

the mixture of responses, the IPS with low frequencies were ignored.  Although, 6 Hz 

IPS by inducing six stimuli in a second can cover the whole one second full of IPS 

response, regarding more confidence in analysis, the investigation was started since the 

8 Hz frequency of IPS. Figure 3 depicts the detail of EEG recording of left occipital 

lobe where the shaded areas are presented as the study experimental events; first 10 

seconds with no stimulation represents resting time (R.T) and 90 seconds for IPSs (8 

Hz to 30 Hz). 

 

Fig. 3. Detail of EEG recording during resting time (R.T) and various IPS frequencies 

Feature extraction was concentrated on frequency domain analysis to explore the 

amplitude of each brain frequency bandwidth. Although, the effect of IPS is not merely 

related to the occipital lobe in epilepsy [6], the channel O1 in primary visual cortex (the 

main region for processing visual information) was chosen to be analyzed using brain 

signal processing techniques. FFT was applied on EEG signal of each subject for the 

events separately and the average of magnitude referred to each bandwidth is computed 

to produce the average of amplitudes. By applying FFT for all EEG recordings, the 

waves with different range of frequency that compose the original signal are discov-

ered. Considering the range of each frequency bandwidth; e.g., 8 to 12 Hz for Alpha 

waves, the average of amplitudes observed in all subjects are calculated. Figure 4 illus-

trates the detail of feature extraction step starting with signal acquisition from O1 in 10 

seconds of recording for each experimental event. Therefore, the features were ex-

tracted from all subjects in both groups for each experimental event. In the next step, 

the features supplying the significant meaning between groups were selected.  
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Fig. 4. Feature extraction step for each subject 

Feature selection. Statistical test by independent samples t-test of p<0.05 (targeting 

95% of hypothesis confirmation) presented a significant meaning to differentiate case 

and control groups in particular events were selected for the first approach. The events 

were summarized in resting time and 8 Hz to 30 Hz IPS where case and control groups 

were compared in each event separately. Analysis between two group mean differences 

were conducted in two approaches in this study. Figure 5a shows the detail of feature 

selection step for the first approach that compares the case and control subjects. Further, 

in the second approach, the features in resting time (R.T) were compared to the features 

in each IPS frequency within the individual group. Figure 5b shows the detail of feature 

selection step for the second approach. 

  

                    (a)    (b) 

Fig. 5. Feature selection step regarding to the first approach (a) and the second approach (b) 

Classification. Towards completing the first approach, besides finding the differ-

ences between groups in each IPS, a sub-question was introduced: which IPS will be 

the most efficient event among all IPSs? Based on the results from the first approach, 

the amplitude of Theta frequency was considered as the feature that can provide mean-

ingful differences between case and control groups for all IPSs. In this study, SVM and 

k-NN were chosen to answer the mentioned question using internal kernels assisted by 

k-fold cross validation (k=10). In brief, 28 normalized amplitudes of selected frequency 

band for each group and IPS were assigned to the classifier, separately. The second 

approach aim at analysis of comparison for the normalized amplitude of selected fre-

quency bands between the resting time and each IPS within each of the study groups. 

This step is important as it will determine the right classifiers for each of the SVM and 

k-NN. 
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3 Results 

3.1 Feature extraction and feature selection 

The research was concentrated on EEG analyzing on two groups of subjects with 

generalized epilepsy and normal EEG reports, which was considered as the case and 

control groups, respectively. In this regard, IPS as a visual stimulus with the focus on 

stimulation in a set of continuous frequencies (9 IPSs; 8 to 30 Hz) was applied. FFT 

was applied on the signals for both groups to recognize the average amplitude of brain 

frequency bandwidths in Delta, Theta, Alpha and Beta as the signal features. In this 

study, statistical t-test was applied on the feature selection process to discover the fea-

ture(s) of significant difference between the groups of subjects to discriminate the case 

from control group.  

Feature selection for the first approach. Table 1 presents t-test significant differ-

ence for two approaches of study in feature selection step., The symbol “” represents 

no difference whereas “” represents there is significant difference. In the main first 

column, none of the features could exhibit significant discrimination between case and 

control groups. However, the brain frequency features could present meaningful dis-

criminations for majority of the IPS frequencies. Furthermore, it is observed that Theta 

frequency has significant differentiations between case and control groups for all IPSs. 

This provides a comparative common information on the best IPS frequency for dis-

crimination feature. Figure 6 (a and b) presents how Theta frequency band behaves in 

the subjects of each group. A brief comparison between Figure 6a and Figure 6b shows 

that a higher level of Theta frequency band in the case group compared to the control 

group in spite of significant different behaviors in some subjects.  

Feature selection for the second approach. The main second column of Table 1 

illustrates the t-test significant difference for comparing R.T versus IPS for the normal 

and epilepsy groups. Only Alpha frequency band was the feature with the significant 

difference between groups for all IPS (except 8 Hz) for both study groups. Figure 7 (a 

and b) presents how Alpha frequency band behaves in the subjects of each group. The 

comparison between Figure 7a and Figure 7b results a sharp difference in confronting 

IPSs in the aspect of Alpha frequency band in the control group which is higher than 

the case group. Although the comparison between two groups in resting time is not 

reliable (according to the result of t-test reported in first approach column of Table 1 

(p>0.05)), the comparison can be done between the responses of IPS revealing lower 

values in control group comparing to case group.  
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Table 1.  Result of t-test for two approaches (First: normal vs epilepsy; Second: R.T vs IPSs in 

each group) in feature selection step 

 

First approach Second approach 

Normal vs Epilepsy 
Normal (R.T) vs Normal 

(IPS) 

Epilepsy (R.T) vs Epilepsy 

(IPS) 

 Delta Theta Alpha Beta Delta Theta Alpha Beta Delta Theta Alpha Beta 

R.T     - - - - - - - - 

8 Hz             

10 Hz             

12 Hz             

14 Hz             

16 Hz             

18 Hz             

20 Hz             

25 Hz             

30 Hz             

  

            (a)     (b) 

Fig. 6. Distribution of Theta frequency band in normal (a) and epilepsy (b) subjects for differ-

ent IPS frequencies (8 to 30 Hz) 

  

             (a)      (b) 

Fig. 7. Distribution of Alpha frequency band in normal (a) and epilepsy (b) subjects during 

resting time (R.T) and different IPS frequencies (10 to 30 Hz) 

3.2 Classification 

Classification for the first approach. How Theta frequency band can discriminate 

the groups for each IPS frequency and which IPS frequency causes the most difference? 

The amplitudes of Theta frequency for both the case and control groups for all IPS 

frequencies were delivered to SVM and k-NN. Table 2 shows the accuracy of discrim-

inations achieved by each classifier. The table shows that among all IPSs, 18 Hz pro-
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duced the best accuracy of discrimination between groups with 85.7% accuracy esti-

mated by k-NN whereas SVM produced the best at 16 Hz IPS with 75% accuracy (10% 

lower than k-NN). However, both classifiers claim that case and control groups behaved 

more uniquely at middle range of IPS frequencies (16 Hz and 18 Hz). The difference 

of results was due to the differences between algorithms of classifiers and their internal 

parameters. SVM performed constant parameters in bordering the classes under soft 

margin condition (C and scaling factor equal to 1). Whereas, k-NN used cubic kernel 

to find the neighbors in classification. In general, one of the purposes of study was to 

select the trustable classifier tool with the best result; here k-NN with 85.7% of accu-

racy, 84.6% of sensitivity and 80.0% of specificity have been chosen for the 18 Hz IPS 

as the one leading these differences between normal and epilepsy groups. Figure 8 il-

lustrates the normalized amplitudes of Theta frequency band for 18 Hz IPS for all sub-

jects for the normal and epilepsy groups.   

Table 2.  Accuracy of discriminations between epilepsy and normal groups by SVM and k-NN 

for all IPS frequencies 

Classifier 8 Hz 10 Hz 12 Hz 14 Hz 16 Hz 18 Hz 20 Hz 25 Hz 30 Hz 

SVM 55% 69.6% 71.4% 73.2% 75% 70.1% 67.9% 67.9% 69.6% 

k-NN 71.4% 70% 63% 55.6% 75% 85.7% 67.9% 67.9% 62% 

 

Fig. 8. Distribution of Theta frequency band in 18 Hz IPS for normal and epilepsy subjects 

Classification for the second approach. Which IPS causes the most difference for 

the groups in the aspect of Alpha frequency band? The k-NN and SVM were applied, 

and the results show that 25 Hz IPS using SVM presented a better discrimination with 

the best performance (75% accuracy) in epilepsy group where this difference in normal 

group for all IPSs were fairly similar. Hence, the differences for both groups at 25 Hz 

IPS were evaluated. Table 3 shows the results of SVM for the control group where x-

axis is the IPS frequencies between 10 Hz to 30 Hz; and y-axis shows the accuracy 

between 55% to 100%. A brief glance resulted that epilepsy group in total in this ap-

proach, exhibited a higher percentage of differentiation rather than normal group for 

the majority of IPSs. It is demonstrated that the lowest and the highest differentiations 

belong to the IPSs frequencies of 10 and 25 Hz with the accuracy of 64.3% and 75%, 

respectively. Whilst discriminations in normal is behaving approximately consistent, 

the epilepsy group resulted a slightly increase by rising the IPS frequency. Furthermore, 

for IPSs of 14, 16, 18 and 20 Hz, both groups behaved approximately similar with the 

accuracies between 66.1% to 69.6% (with very small difference by 3.5%). The results 

of k-NN represents an instability of changes between resting time and each IPS in the 
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normal control group. The table claims that the behavior of normal group in front of 

different IPS frequencies is not predictable whereas the same paradigm is slightly stable 

in the epilepsy group. Referring to SVM respecting to a stability for both groups, it can 

be concluded that IPS with 25 Hz of frequency may lead to the best discrimination for 

comparison of IPS and resting time for the epilepsy group.   

Figure 9 demonstrates normalized amplitude of Alpha frequency band in the normal 

group (Figure 9a) and epilepsy group (Figure 9b) for all subjects during resting time 

and at 25 Hz IPS. In separate comparisons between responses of different IPS frequen-

cies and the resting time in each group show a slightly more distance in the case group 

compared to the control group. The similarity between groups is a higher level of Alpha 

in both groups during the resting time comparing to the same paradigm in 25 Hz IPS. 

Furthermore, comparison between IPS responses in both groups shows a higher Alpha 

wave during the IPS condition in the case group compared to the control group.  

Table 3.  Accuracy of discriminations between epilepsy and normal groups by SVM and k-NN 

for all IPS frequencies 

Classifier Groups 10 Hz 12 Hz 14 Hz 16 Hz 18 Hz 20 Hz 25 Hz 30 Hz 

SVM 
Normal 69.3% 65.9% 66.1% 66.1% 69.6% 69.0% 66.0% 69.6% 

Epilepsy 64.3% 70.0% 66.1% 69.5% 69.6% 70.2% 75.0% 70.3% 

k-NN 
Normal 68.0% 55.0% 67.0% 66.9% 66.7% 71.8% 55.0% 60.0% 

Epilepsy 60.0% 68.0% 63.4% 67.2% 67.0% 66.9% 70.0% 72.0% 

  

  (a)     (b) 

Fig. 9. Distribution of Alpha frequency during resting time (R.T) and 25 Hz IPS for normal (a) 

and epilepsy (b) subjects 

4 Discussion 

In this study, the EEG records of two groups; 28 normal and 28 generalized epilepsy 

with no report of PPR, during resting time and elicited by intermittent photic stimula-

tion (IPS) were evaluated. The photic stimulation as a standard procedure during rou-

tine EEG recording was expected to produce the changes in frequency in the visual 

cortex. The  analysis of the changes was performed on power of frequency analysis on 

the occipital lobe [26]. In this study, two approaches were conducted to determine: 1) 

first approach; the comparison between normal and epilepsy in all experimental condi-

tions and 2) second approach; the efficacy of IPS in each group separately comparing 

IPS responses to the resting time.  
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The result indicated a nonsignificant difference comparison in resting time between 

the normal versus epilepsy group. However, it was found a significant difference based 

on different frequencies of IPS where the Theta frequency band had the best differen-

tiation between case and control groups for 18 Hz IPS. It was observed a higher power 

of Theta frequency in epilepsy compared to the normal group. Due to inadequate re-

search evidence on non-photosensitive epilepsy subjects, this study is focused on the 

efficacy of visual stimulation on normal subjects compared to previous studies done by 

other researchers. The reduction of Theta frequency in normal subjects in confronting 

photic stimulation and in occipital lobe was confirmed by [27]. In their study, 15 normal 

subjects were monitored by 16-channel EEG during resting time and 10 sec continuous 

light or tone stimuli. With the focus of visual stimulation, the changes of topographical 

cortical were evaluated according to the power of frequency bands of the left hemi-

sphere. After the statistical analysis they reported a reduction of Theta and Alpha fre-

quency band in front of stimulations in occipital region. In [28], the responses to long-

term audio-visual stimulation (AVS) in normal subjects were assessed on six normal 

participants during 25 AVS program sessions, each of 20-min length. Visual stimula-

tion was provided by rectangular red-light pulses with different frequencies. Although 

they did not detect a rise of lower frequencies in parieto-occipital region, they reported 

a significant decreased in total power, frequency band powers, spectral edge frequency 

and spectral entropy in parieto-occipital region of cortex (from approximately 22.5 to 

19 Hz). Their significant observation referred to a rather shifted frequency range (4-10 

Hz) merging the Theta-1, Theta-2 and Alpha-1 ranges. The reason why 18 Hz IPS re-

sulted the best discrimination from this study must be further investigated in vitro.  

Our result showed that the power of Alpha frequency in normal group is reduced for 

all IPS frequencies compared to the resting time. The result is in line with [29] where 

it was reported a persistence of EEG Alpha frequency entrainment under steady-state 

visually evoked potentials (SSVEP) in normal subjects. The visual stimulation con-

sisted of a sinusoid light which are terminated at one of four different phases eliciting 

on 19s healthy study participants. The result was reported in parieto-occipital region 

measured by low-resolution electromagnetic tomography analysis (LORETA) in dis-

covering the source localization of neuronal activity. The majority of hypotheses agree 

that induced and ongoing Alpha frequency band in EEG oscillations represent a general 

inhibitory mechanism revealing a perceptual and cognitive processes in brain [30]–

[33]. In addition, photic stimulation can induce relaxation [34] and the increase of lower 

frequency bands may be correlated with the physiological findings during resting time 

of meditation which leads to an internal positive emotions and internalized attention 

[35]. Theta might deal with integrative cognition and association functions whilst alpha 

rhythm might be functionally correlated to several sorts of cognitive, sensory, and mo-

tor behaviors [36].  

According to the present research, it seems that patients suffering from epilepsy with 

generalized epilepsy do not follow the same experiences as the normal subjects’ re-

sponses to visual stimulation. Nevertheless, a greater number of subjects and more sig-

nal features; specially in the time domain, can be conducted for a better condition in 

making the result more reliable and comprehensive. For the next step, it is suggested to 
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focus on neurophysiological aspects and discovering the probability of synaptic plas-

ticity manner under neuronal membrane modeling during resting time as baseline and 

in front of specific frequency of visual stimulation which impacts on visual pathways. 

In this regard, designing a model of correspond to intracranial components and imple-

menting functional networks in the accordance of anatomical connectomes based on 

atlas; after decoding, lead to valuable achievements in epilepsy and brain recognition. 

Hence, brain signal processing was used to extract the features of EEG oscillations un-

der visual stimulation accompanied by the data from MRI; representing regional activ-

ities, can assist to simulate and model the system. 

The major questions: what the epilepsy is and why the seizure occurs, are still un-

dergoing investigation and need more comprehensive research. The study suggests 

deep investigations on the possible reasons how visual stimulation conducts EEG os-

cillations in diagnostic procedure between healthy control group and epilepsy group. 

For the next investigations in the aspect of neurophysiology and the manner of synaptic 

plasticity, it seems that designing a model of corresponded intracranial components and 

implementing functional networks in the accordance of anatomical connectomes based 

on atlas may lead to valuable achievements in epilepsy and brain recognition. In this 

regard, brain signal processing was adopted to extract reliable features of EEG oscilla-

tions under visual stimulation as well as MRI data representing regional activities can 

assist to model the system.  

5 Conclusion  

This study investigated how intermittent photic stimulations (IPS) influence the EEG 

signals of normal subjects and generalized epilepsy patients during interictal. Despite 

individual-based responses to IPS, we have performed two experiments based on 

groups of subjects and within groups evaluation via significant difference between 

groups feature analysis. EEG signals from the visual cortex were obtained and analyzed 

based on brain signal processing techniques. The results showed the most differences 

between normal and epilepsy groups were for IPS at 18 Hz with higher Theta frequency 

in the case group compared to the control group. In addition, the significant difference 

between resting time and IPS was belonged to IPS with 25 Hz with higher Alpha in the 

epilepsy group where the control group responded similarly for all IPS frequencies. In 

this study, the limitation in EEG dataset was retrospective data where all recordings 

were performed during early morning after waking up. In general, considering the con-

cept of Theta that is originated from calmness, it seems that epilepsy group feels more 

calmness confronting to the IPS compared to the normal subjects. Furthermore, the 

consistent level of Alpha frequency in healthy control group was observed for all IPS 

frequency shows a homogeneous awareness and consideration lower than resting time 

where in epilepsy group, the paradigm in resting time is observed approximately similar 

for all IPS with the highest discrimination at 25 Hz IPS. Therefore, the presence of 

waves with low frequency bandwidth was unavoidable. In conclusion, it seems that IPS 

causes more composure in normal group comparing to the base line resting time. Nev-

ertheless, in epilepsy the consideration is similar to the resting time.  

92 http://www.i-joe.org



Paper—Brain Dynamics in Response to Intermittent Photic Stimulation in Epilepsy 

6 Acknowledgment  

The authors would like to acknowledge the financial support received from the Min-

istry of Higher Education Malaysia’s through Fundamental Research Grant Scheme 

(FRGS/1/2019/TK04/UKM/02/3). 

7 Reference 

[1] L. Vaurio, S. Karantzoulis, and W. B. Barr, “The Impact of Epilepsy on Quality of Life,” in 

Changes in the Brain, New York: Springer, 2017, pp. 167–187. https://doi.org/10.1007/978-

0-387-98188-8_8  

[2] S.-L. Fong et al., “Prevalence study of epilepsy in Malaysia,” Epilepsy Res., vol. 170, 2021. 

https://doi.org/10.1016/j.eplepsyres.2021.106551 

[3] D. G. Kasteleijn-Nolst Trenité, C. D. Binnie, and H. Meinardi, “Photosensitive patients : 

symptoms and signs during intermittent photic stimulation and their relation to seizures in 

daily life,” 1987, pp. 1546–1549. https://doi.org/10.1136/jnnp.50.11.1546 

[4] M. J. Aminoff, Aminoff’s Electrodiagnosis in Clinical Neurology, Sixth Edit. Elsevier Inc., 

2012. 

[5] C. Grillon and M. S. Buchsbaum, “EEG topography of response to visual stimuli in 

generalized anxiety disorder,” Electroencephalogr. Clin. Neurophysiol., vol. 66, no. 4, 1987, 

pp. 337–348. https://doi.org/10.1016/0013-4694(87)90031-9 

[6] R. S. Fisher, G. Harding, G. Erba, G. L. Barkley, and A. Wilkins, “Photic- and pattern-

induced seizures: A review for the epilepsy foundation of america working group,” 

Epilepsia, vol. 46, no. 9, 2005, pp. 1426–1441. https://doi.org/10.1111/j.1528-1167.2005.31 

405.x 

[7] A. Rizal, W. Priharti, and S. Hadiyoso, “Seizure Detection in Epileptic EEG Using Short-

Time Fourier Transform and Support Vector Machine,” Int. J. Online Biomed. Eng., vol. 17, 

no. 14, 2021, pp. 65–78. https://doi.org/10.3991/ijoe.v17i14.25889 

[8] S. Khan, A. Khan, N. Hameed, M. A. Taufiq, and S. Riaz, “Localizing Epileptogenic Zone 

from High Density EEG Data Using Machine Learning,” Int. J. online Biomed. Eng., vol. 

17, no. 6, 2021, pp. 73–86. https://doi.org/10.3991/ijoe.v17i06.18653 

[9] J. A. Wilkins, Visual Stress. Cambridge: Published to Oxford Scholarship Online, 2008. 

[10] A. S. Troupin, “Photic activation and experimental data concerning colored stimuli,” 

Neurology, vol. 16, no. 3, 1966, pp. 269–276. https://doi.org/10.1212/WNL.16.3.269 

[11] D. Graaf et al., “Alpha-Band Rhythms in Visual Task Performance : Phase- Locking by 

Rhythmic Sensory Stimulation,” PLOS ONE, vol. 8, 2013. https://doi.org/10.1371/journal. 

pone.0060035 

[12] K. E. Mathewson et al., “Different slopes for different folks : Alpha and delta EEG power 

predict subsequent video game learning rate and improvements in cognitive control tasks,” 

Wiley Online Library, Psychology, vol. 49, 2012, pp. 1558–1570. https://doi.org/10.1111/ 

j.1469-8986.2012.01474.x 

[13] G. Thut, P. G. Schyns, J. Gross, and M. Rosenblum, “Entrainment of perceptually relevant 

brain oscillations by non ‑  invasive rhythmic stimulation of the human brain,” Front. 

Psychol, vol. 2, no. July, 2011, pp. 1–10. https://doi.org/10.3389/fpsyg.2011.00170 

[14] W. G. WALTER, V. J. Dovey, and H. Shipton, “Analysis of Electrical Response of the 

Human Cortex to Photic Stimulation,” Nature, vol. 158, 1946, pp. 540–541. https://doi.org/ 

10.1038/158540a0 

iJOE ‒ Vol. 18, No. 05, 2022 93

https://doi.org/10.1007/978-0-387-98188-8_8
https://doi.org/10.1007/978-0-387-98188-8_8
https://doi.org/10.1016/j.eplepsyres.2021.106551
https://doi.org/10.1136/jnnp.50.11.1546
https://doi.org/10.1016/0013-4694(87)90031-9
https://doi.org/10.1111/j.1528-1167.2005.31405.x
https://doi.org/10.1111/j.1528-1167.2005.31405.x
https://doi.org/10.3991/ijoe.v17i14.25889
https://doi.org/10.3991/ijoe.v17i06.18653
https://doi.org/10.1212/WNL.16.3.269
https://doi.org/10.1371/journal.pone.0060035
https://doi.org/10.1371/journal.pone.0060035
https://doi.org/10.1111/j.1469-8986.2012.01474.x
https://doi.org/10.1111/j.1469-8986.2012.01474.x
https://doi.org/10.3389/fpsyg.2011.00170
https://doi.org/10.1038/158540a0
https://doi.org/10.1038/158540a0


Paper—Brain Dynamics in Response to Intermittent Photic Stimulation in Epilepsy 

[15] E. Visani et al., “Photosensitive epilepsy: Spectral and coherence analyses of EEG using 14 

Hz intermittent photic stimulation,” Clin. Neurophysiol., vol. 121, no. 3, 2010, pp. 318–324. 

https://doi.org/10.1016/j.clinph.2009.12.003 

[16] F. Moeller et al., “fMRI activation during spike and wave discharges evoked by photic 

stimulation,” Neuroimage, vol. 48, no. 4, 2009, pp. 682–695. https://doi.org/10.1016/ 

j.neuroimage.2009.07.019 

[17] S. Coelli, E. Visani, G. Tacchino, F. Panzica, S. Franceschetti, and A. M. Bianchi, “Central 

Alpha Bicoherence Is Reduced in Photosensitive Subjects,” in 15th Mediterranean 

Conference on Medical and Biological Engineering and Computing – MEDICON 2019 - 

Proceedings of MEDICON 2019, N. N. Jorge Henriques, Paulo de Carvalho, Ed. Coimbra: 

Springer, 2020, pp. 1123–1128. https://doi.org/10.1007/978-3-030-31635-8_136 

[18] “American Electroencephalographic Society guidelines for standard electrode position 

nomenclature,” J. Clin. Neurophysiol. Neurophysiol, vol. 8, no. 2, 1991, pp. 200–202. 

https://doi.org/10.1097/00004691-199104000-00007 

[19] B. Graimann, B. Z. Allison, and G. Pfurtscheller, Brain-Computer Interface: 

Revolutionizing Human-Computer Interaction, 1st ed. Berlin Heidelberg: SpringerVerlag, 

2010. https://doi.org/10.1007/978-3-642-02091-9 

[20] P. C. Abhang, B. W. Gawali, and S. C. Mehrotra, “Technological Basics of EEG Recording 

and Operation of Apparatus,” in Introduction to EEG- and Speech-Based Emotion 

Recognition, New York: Elsevier Inc., 2016, pp. 19–50. https://doi.org/10.1016/B978-0-12-

804490-2.00002-6 

[21] T. Najafi, R. Jaafar, K. Najafi, and F. Eslamdoust-siahestalkhi, “Brain Waves Characteristics 

in Individuals with Obsessive-Compulsive Disorder : A Preliminary Study,” Int. J. Online 

Biomed. Eng., vol. 18, no. 1, 2022, pp. 96–110. https://doi.org/10.3991/ijoe.v18i01.26805 

[22] T. Najafi, R. Jaafar, R. Remli, and K. Chellappan, “The Role of Biran Signal Processing and 

Neuronal Modeling in Epilepsy: A Review,” J. Kejuruter., vol. 33, no. 4, 2021, pp. 801-815. 

[23] R. Palaniappan, K. Sundaraj, and S. Sundaraj, “A comparative study of the svm and k-nn 

machine learning algorithms for the diagnosis of respiratory pathologies using pulmonary 

acoustic signals,” BMC. Bioinformatics, 2014, pp. 1–8. https://doi.org/10.1186/1471-2105-

15-223 

[24] I. Hmeidi, B. Hawashin, and E. El-qawasmeh, “Performance of KNN and SVM classifiers 

on full word Arabic articles,” Elsevier, Advanced Engineering Informatics, vol. 22, no. 1, 

2008, pp. 106–111. https://doi.org/10.1016/j.aei.2007.12.001 

[25] C. Neurophysiology, A. Clinical, and N. Society, “Recommended standards for visual 

system evoked potentials,” J. Clin. Neurophysiol., vol. 3, no. 2, 1986, pp. 54–70. https://doi. 

org/10.1097/00004691-198610001-00014 

[26] L. Marcuse, M. Fileds, and J. Y. Yoo, Rowan’s Primer of EEG. Elsevier, 2015. 

[27] C. Grillon and M. S. Buchsbaum, “Computed EEG topography of response to visual and 

auditory stimuli,” Electroencephalogr. Clin. Neurophysiol., vol. 63, no. 1, 1986, pp. 42–53. 

https://doi.org/10.1016/0013-4694(86)90061-1 

[28] M. Teplan, A. Krakovská, and S. Štolc, “EEG responses to long-term audio-visual 

stimulation,” Int. J. Psychophysiol., vol. 59, no. 2, 2006, pp. 81–90. https://doi.org/10.1016/ 

j.ijpsycho.2005.02.005 

[29] M. Otero, P. Prado-Gutiérrez, A. Weinstein, M. J. Escobar, and W. El-Deredy, “Persistence 

of EEG Alpha Entrainment Depends on Stimulus Phase at Offset,” Front. Hum. Neurosci., 

vol. 14, no. April, 2020, pp. 1–14. https://doi.org/10.3389/fnhum.2020.00139 

[30] W. Klimesch, P. Sauseng, and S. Hanslmayr, “EEG alpha oscillations: The inhibition-timing 

hypothesis,” Brain Res. Rev., vol. 53, no. 1, 2007, pp. 63–88. https://doi.org/10.1016/ 

j.brainresrev.2006.06.003 

94 http://www.i-joe.org

https://doi.org/10.1016/j.clinph.2009.12.003
https://doi.org/10.1016/j.neuroimage.2009.07.019
https://doi.org/10.1016/j.neuroimage.2009.07.019
https://doi.org/10.1007/978-3-030-31635-8_136
https://doi.org/10.1097/00004691-199104000-00007
https://doi.org/10.1007/978-3-642-02091-9
https://doi.org/10.1016/B978-0-12-804490-2.00002-6
https://doi.org/10.1016/B978-0-12-804490-2.00002-6
https://doi.org/10.3991/ijoe.v18i01.26805
https://doi.org/10.1186/1471-2105-15-223
https://doi.org/10.1186/1471-2105-15-223
https://doi.org/10.1016/j.aei.2007.12.001
https://doi.org/10.1097/00004691-198610001-00014
https://doi.org/10.1097/00004691-198610001-00014
https://doi.org/10.1016/0013-4694(86)90061-1
https://doi.org/10.1016/j.ijpsycho.2005.02.005
https://doi.org/10.1016/j.ijpsycho.2005.02.005
https://doi.org/10.3389/fnhum.2020.00139
https://doi.org/10.1016/j.brainresrev.2006.06.003
https://doi.org/10.1016/j.brainresrev.2006.06.003


Paper—Brain Dynamics in Response to Intermittent Photic Stimulation in Epilepsy 

[31] K. E. Mathewson, A. Lleras, D. M. Beck, M. Fabiani, T. Ro, and G. Gratton, “Pulsed out of 

awareness: EEG alpha oscillations represent a pulsed-inhibition of ongoing cortical 

processing,” Front. Psychol., vol. 2, 2011, pp. 1–15. https://doi.org/10.3389/fpsyg.2011.000 

99 

[32] O. Jensen and A. Mazaheri, “Shaping functional architecture by oscillatory alpha activity: 

Gating by inhibition,” Front. Hum. Neurosci., vol. 4, no. November, 2010, pp. 1–8. https:// 

doi.org/10.3389/fnhum.2010.00186 

[33] W. Klimesch, “Alpha-band oscillations, attention, and controlled access to stored 

information,” Trends Cogn. Sci., vol. 16, no. 12, 2012, pp. 606–617. https://doi.org/10.1016/ 

j.tics.2012.10.007 

[34] W. S. Kroger and S. A. Schneider, “An electronic aid for hypnotic induction : A preliminary 

report An Electronic Aid For Hypnotic,” Int. J. Clin. Exp. Hypn., pp. 37–41, 2008. https://doi 

.org/10.1080/00207145908415812 

[35] L. I. Aftanas and S. A. Golocheikine, “Human anterior and frontal midline theta and lower 

alpha reflect emotionally positive state and internalized attention: High-resolution EEG 

investigation of meditation,” Neurosci. Lett., vol. 310, no. 1, 2001, pp. 57–60. https://doi.org 

/10.1016/S0304-3940(01)02094-8 

[36] E. Bas and M. Schurmann, “Gamma , alpha , delta , and theta oscillations govern cognitive 

processes,” Int. J Psycholphysiol, 2001, pp. 241–248. https://doi.org/10.1016/S0167-8760 

(00)00145-8 

8 Authors 

Tahereh Najafi is with Dept of Electrical, Electronics & Systems Engineering, Uni-

versiti Kebangsaan Malaysia, Bangi, Malaysia. 

Rosmina Jaafar is with Dept of Electrical, Electronics & Systems Engineering, 

Universiti Kebangsaan Malaysia, Bangi, Malaysia. 

Rabani Remli is with Dept of Medicine, Hospital Canselor Tuanku Muhriz, Univer-

isti Kebangsaan Malaysia, Cheras, Malaysia. 

Wan Asyraf Wan Zaidi is with Dept of Medicine, Hospital Canselor Tuanku 

Muhriz, Univeristi Kebangsaan Malaysia, Cheras, Malaysia. 

Kalaivani Chellappan is with Dept of Electrical, Electronics & Systems Engineer-

ing, Universiti Kebangsaan Malaysia, Bangi, Malaysia. 

Article submitted 2021-10-19. Resubmitted 2022-01-12. Final acceptance 2022-01-15. Final version pub-
lished as submitted by the authors. 

iJOE ‒ Vol. 18, No. 05, 2022 95

https://doi.org/10.3389/fpsyg.2011.00099
https://doi.org/10.3389/fpsyg.2011.00099
https://doi.org/10.3389/fnhum.2010.00186
https://doi.org/10.3389/fnhum.2010.00186
https://doi.org/10.1016/j.tics.2012.10.007
https://doi.org/10.1016/j.tics.2012.10.007
https://doi.org/10.1080/00207145908415812
https://doi.org/10.1080/00207145908415812
https://doi.org/10.1016/S0304-3940(01)02094-8
https://doi.org/10.1016/S0304-3940(01)02094-8
https://doi.org/10.1016/S0167-8760(00)00145-8
https://doi.org/10.1016/S0167-8760(00)00145-8

