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Abstract

Objective—To investigate the relationship between EEG source localization and the number of 

scalp EEG recording channels.

Methods—128 EEG channel recordings of 5 pediatric patients with medically intractable partial 

epilepsy were used to perform source localization of interictal spikes. The results were compared 

with surgical resection and intracranial recordings. Various electrode configurations were tested 

and a series of computer simulations based on a realistic head boundary element model were also 

performed in order to further validate the clinical findings.

Results—The improvement seen in source localization substantially decreases as the number of 

electrodes increases. This finding was evaluated using the surgical resection, intracranial 

recordings and computer simulation. It was also shown in the simulation that increasing the 

electrode numbers could remedy the localization error of deep sources. A plateauing effect was 

seen in deep and superficial sources with further increasing the electrode number.

Conclusion—The source localization is improved when electrode numbers increase, but the 

absolute improvement in accuracy decreases with increasing electrode number.

Significance—Increasing the electrode number helps decrease localization error and thus can 

more ably assist the physician to better plan for surgical procedures.
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Introduction

Using EEG source imaging to plan for resection has shown promise to aid presurgical 

planning in medically intractable partial epilepsy patients. Many research groups in the past 

decades have conducted experiments to show the efficacy of using EEG source analysis 

techniques in the pre-surgical planning for patients diagnosed with focal epilepsy (Ding et 

al., 2007; Ebersole, 2000; He et al., 1987, 2013; Leijten and Huiskamp, 2008; Lu et al., 

2012b, 2014; Michel et al., 1999; Plummer et al., 2008; Sperli et al., 2006; Wang et al., 

2011; Yang et al., 2011). Using the interictal spikes found in the EEG of these patients, such 

techniques can provide a noninvasive way to assist the physician in localizing the 

epileptogenic foci. In addition to being noninvasive, EEG recording is a low-cost and fairly 

available recording module from which a large number of patients can potentially benefit. 

The availability of powerful personal computers in most clinical environments is another 

factor that gives the clinician the opportunity to benefit from EEG inverse algorithms. It has 

been demonstrated in a number of previous studies that such inverse algorithms are capable 

of localizing the epileptogenic foci with acceptable precision (Fukushima et al., 2012; Ding 

et al., 2006, 2007; Krings et al., 1998; Lai et al., 2011; Lu et al., 2012a; Michel et al. 2004a; 

Oikonomou et al., 2012; Wang et al., 2012; Wu et al., 2012; Zhang et al., 2003).

Using a realistic head model for each patient based on their MRI images is another 

modification that has helped improve the localization of epileptic foci. Using a boundary 

element method (BEM) model to more accurately model the electric field propagation 

through brain tissue is one successful step in better modeling the forward solution and has 

been shown to decrease localization error (Ding et al., 2005; Hämäläinen and Sarvas, 1989; 

He et al., 1987; Herrendorf et al., 2000; Roth et al., 1997; Wang et al., 2011).

One major concern for EEG recordings was its low number of scalp recordings, which to 

some degree is lessened by the introduction of high density EEG caps, i.e. nets or caps with 

128 electrodes or more (Baillet et al., 2001; He et al., 2011; He & Ding, 2013; Spitzer et al., 

1989). Determining the minimum number of electrodes in order to prevent poor 

performance is an important issue since using too few electrodes translates to undersampling 

the scalp potential. There have been a number of studies in the past two decades that have 

tackled this question (Lantz et al., 2003a; Srinivasan et al., 1998; Tucker, 1993). 

Traditionally, a 3cm interelectrode spacing has been suggested (Spitzer et al., 1989; Tucker, 

1993), which is generally achieved when about 100 electrodes are used (Gevins, 1993; 

Michel et al., 2004b; Plummer et al., 2008; Srinivasan et al., 1998). This was experimentally 

shown to be suitable for a number of applications (Srinivasan et al., 1998; Tucker, 1993).

Although the effect of electrode number on localizing the epileptogenic source has been 

previously reported in some studies, there is still a need to investigate this matter further in a 

comprehensive study (Plummer et al., 2008). There have been studies to show the precision 

of using 128 electrodes when determining the epileptogenic foci (Lantz et al., 2003b; Michel 

et al., 2004a; Sperli et al., 2006); in addition, recent work has demonstrated the significance 

of using high density EEG caps versus low density caps in localization error (Wang et al., 

2011; Lantz et al, 2003a; Lu et al. 2012a). However, presently there does not exist, to our 
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knowledge, a comprehensive study to clearly delineate the relationship between localization 

error of interictal spikes and the number of EEG electrodes.

It is also worthy of attention that several work has been reported in the literature based on 

the recordings from healthy and mostly adult subjects (Junghöfer et al., 2000; McMenamin 

et al., 2010; Picton et al., 1995; Picton et al., 2000). Nonetheless, as the underlying source 

and geometry of the head can be very different in pediatric epileptic patients than healthy 

normal adults, it is reasonable to think that the necessary conditions for an acceptable data 

recording would be different.

In the present study, the localization error is inspected when the number of electrodes is 

varied from 32 electrodes to 128 electrodes. Furthermore, the localization error (which is 

usually calculated based on resection volume) is also calculated by comparing the maxima 

of the reconstructed solution with electrocorticogram (ECoG) electrodes that were marked 

as seizure onset zone (SOZ) electrodes by the epileptologists. ECoG recording is considered 

the gold standard for identifying SOZ foci (Engel, 1987); thus, including ECoG data to 

verify source localization results is another important feature of this study.

Methods

Patients and data acquisition

Five pediatric patients with medically intractable partial epilepsy were studied using a 

protocol approved by the Institutional Review Boards of the University of Minnesota and 

University of Alabama at Birmingham. The patients were all under 16 years of age. The 

patients were selected based on the following criteria: (1) interictal spikes were recorded in 

their high density pre-operative EEG recordings, (2) patients underwent surgical resection 

after presurgical workup, (3) patients were seizure free after operation, and (4) high 

resolution MRI images were taken preceding and following the operation. The surgical 

resection was used to evaluate the source localization accuracy and was not used to obtain 

the inverse solution. The lesion sizes, obtained from post-operative MRI images, are 9.5cm3, 

45.8cm3, 2.1cm3, 15.1cm3 and 18.9cm3 in patients 1 to 5, respectively. The clinical 

information of these patients is summarized in Table 1.

The location of the epileptogenic foci was specified for each patient by neurologists using 

high resolution MRI, long term video-EEG recordings prior to surgery, ictal intracranial 

EEG and SPECT when available. The patients underwent surgery and had the epileptogenic 

foci resected. All patients were seizure free during a one year follow up with the exception 

of one patient (patient 5) who underwent a second surgery and was seizure free during a two 

year follow up.

During the long term monitoring prior to surgery, 128 channel scalp EEG recordings with 

250 Hz or 500 Hz sampling rate were collected. A band pass filter of 1 to 30 Hz was used to 

filter the linear trend and high frequency noise (Lu et al., 2012a). The MR images (voxel 

size: 0.86*0.86*3 mm3 or 0.86*0.86*1.5 mm3) were obtained from a 1.5T GE MRI scanner 

(General Electric Medical Systems, Milwaukee, WI). Electrode location for each patient was 

not available (as a digitized file); thus, in order to find the electrode location for each 
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patient, a generic electrode location file that was provided by the EEG system vendor 

(Electrical Geodesics Inc., Eugene, OR) was used. The sensors were projected to each 

patient’s head using the patients’ MRI images. In order to better fit the electrodes, 

landmarks such as ear location, nasion and inion have been taken into consideration when 

projecting the electrodes onto the patient’s head. This will decrease the mismatch between 

the true electrode location and the ones used in analysis. In order to study different electrode 

configurations, i.e. electrode numbers, the electrodes were selected in a manner to uniformly 

cover the whole head, in an attempt to be as close as possible to the original/modified 10–20 

system.

Data Analysis

The pre-operative scalp EEG recordings were reviewed and the interictal events were 

identified. In order to minimize the possibility of including rare events, i.e. non-epileptic 

events, all scalp potential maps were reviewed and the spikes pertaining to the dominant 

spatial map were selected for analysis. Priority was given to spikes with higher signal to 

noise ratio (SNR) that showed stable potential maps near the peak.

There has been a controversy in the field as to what instance of a spike should be used for 

analysis (Huppertz et al., 2001; Lantz et al., 2003b; Mirkovic et al., 2003; Plummer et al., 

2008; Wang et al., 2011). As each spike was analyzed individually, it is preferable to use the 

EEG potential map at the spike peak time in the analysis to benefit from its higher SNR 

value. It has been shown that using the peak time might give better results than using the 

half-rise time in certain circumstances (Wang et al., 2011). Wang et al. (2011) argued that 

propagation of activity might still be close to the resected area, and thus better localization 

can be expected due to higher SNR of EEG signal at spike peak.

Four different EEG montages (128, 96, 64 and 32 electrodes) were tested in this study. The 

electrodes were uniformly spread over the scalp surface and conformed to the original/

modified 10–20 system as much as possible.

For each patient, at least 15 spikes were selected based on the aforementioned criteria. At 

each spike event, the time for which the mean global field power (MGFP) peaked, was 

selected. In order to calculate the distributed dipole inverse solution, the standardized low-

resolution brain electromagnetic tomography (sLORETA) method was used (Pascual-

Marqui RD, 2002). A three dimensional grid of 5mm was used to form the solution space. A 

realistic boundary element method (BEM) model obtained from each patient’s MRI was 

used for modeling the head which composed of a three layer model representing the scalp, 

skull and brain with electrical conductivities of 0.33 S/m, 0.0042 S/m and 0.33 S/m, 

respectively (Hämäläinen and Sarvas, 1989). In order to calculate the localization error, the 

distance between the closest point on the resection boundary and the maxima of the 

reconstructed solution was calculated for each spike. The resection area was extracted from 

the post-operative MRI images of patients. CURRY 7 (Compumedics, Charlotte, NC) was 

used for these analyses.

All patients underwent invasive ECoG recording before surgery. The physician placed the 

ECoG grid on the suspected epileptogenic areas on the cortical surface and identified the 
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SOZ electrodes. In four of the selected patients (with the exception of patient 2) the ECoG 

grid position was extracted using the computed tomography (CT) images and then the 

electrodes marked as SOZ electrodes were selected based on physician’s report. The 

stereotaxic referencing of different modalities such as CT and MRI were performed based 

on anatomical landmarks such as pre-auricular left (PAL), pre-auricular right (PAR), nasion 

and inion, in CURRY 7 (Compumedics, Charlotte, NC). The maximum of the inverse 

solution was then projected to the cortical surface and the distance between this point and 

the set of SOZ electrodes was calculated for each spike in every electrode montage. The 

interelectrode distance of ECoG electrodes is 10 mm. Fig. 1 summarizes the whole 

procedure for the data analysis.

Computer Simulation

In addition to the patient data, a series of simulations were performed to investigate the 

relationship between localization error and electrode number. It is necessary to determine if 

results similar to clinical data analysis can be obtained using computer simulation. By using 

the MRI images of one patient, a realistic BEM head model was formed, in order to have a 

more realistic simulation. 100 dipoles at random locations and with random orientations 

were selected within the brain volume and their corresponding scalp potential was calculated 

using the lead field matrix obtained from the BEM model. White Gaussian noise with 

different power was added to the scalp potential and the inverse solution was obtained using 

the sLORETA method for each dipole and every electrode montage. The distance between 

the reconstructed source maximum and dipole location was calculated as the localization 

error.

The sLORETA method is based on minimum norm solutions. After calculating the 

minimum norm solution, the variations due to noise and the variations due to sources, i.e. 

volume conduction and the inverse algorithm applied, are accounted for. This makes 

sLORETA solution an “F” statistics, which measures the likelihood of source activity in 

each location rather than estimated current density (Pascual-Marqui RD, 2002).

Results

As the error analysis was performed for each spike individually, it was necessary to average 

the localization errors of a particular electrode montage for each patient before reporting the 

results in this study. Fig. 2 shows the maximum of the inverse solution for all spikes of 

patient 3. Each dot corresponds to an individual spike maximum. As it can be seen 

(specifically by comparing panel A and D which respectively corresponds to 128 and 32 

electrodes) the inverse solution is much more confined to the resection area (depicted by the 

yellow line) when the number of electrodes increases. This is in accordance with one’s 

intuition that increasing the number of electrodes should improve the source localization. 

The same effect is observed when the location of the maxima is compared with SOZ. 

Supplementary Figure S1 shows this relation. Moving from panel A to panel D which 

respectively corresponds to 128 and 32 electrodes, it can be clearly seen that the location of 

the solution maxima (depicted by blue dots) disperses and gets away from the SOZ 

(depicted by red dots).
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Clinical Data

In Fig. 3, the localization error of all patients is shown. In Fig. 3A, the individual 

localization error for different electrode montages is shown. It can be seen that in general, 

increasing the number of electrodes will result in a smaller localization error; however, 

when observing the group average in Fig. 3B, not only an error decrease was found, but also 

a decrease in the improvement rate. In other words, the most dramatic decrease in 

localization error can be seen when going from 32 electrodes to 64 electrodes. The average 

localization error improves by 4mm when going from 32 electrodes to 64 electrodes, and 

improves by 1.3 mm when going from 64 electrodes to 96 electrodes, and 1.0 mm when 

going from 96 electrodes to 128 electrodes. It should be noted that a paired t-test was 

performed to confirm the significance of the results obtained in group averages. Although a 

significant difference (p < 0.002, degree of freedom (DF) = 89, t > 2.93) was found between 

any pair of the electrode configurations (128, 96, 64 and 32 electrodes), the improvement in 

localization is lesser for larger number of electrodes. It is also interesting to observe the 

effect that the epileptogenic foci size might have on this trend. The lesion size in patients 1 

to 5 can be crudely categorized as small and large based on the lesion sizes provided in the 

Methods section. Patient 2 obviously has a large lesion in comparison to other patients. 

Comparing the source localization improvement, it can be seen that the improvement is not 

as steep in patient 2 as it is for other patients. This is in line with intuition, as signals arising 

from larger lesions are more prone to be picked up even with fewer numbers of electrodes. 

The same effect is also observed in simulation studies, as will be explained later.

Figure 4 shows the localization error with respect to the SOZ defined from ECoG 

recordings. The general trend of lower error when electrode numbers are increased can be 

seen in individual (Fig. 4A) and group (Fig. 4B) level results. A significant difference (p < 

0.05, degree of freedom (DF) = 58, t > 1.67) was found between any pair of the electrode 

configurations (128, 96, 64 and 32 electrodes) except for 96 and 128 electrodes, which were 

not significantly different.

Computer Simulation

In order to further evaluate our clinical findings, a series of computer simulations were 

performed. Figure 5 shows the dipole localization error of different electrode configurations 

(128, 96, 64 and 32 electrodes) with various SNR values (10, 7, 3 and 0 dB1). It is 

interesting to note that the same relationship observed in clinical findings was also found in 

computer simulation. The localization improvement rate decreases as the electrode numbers 

increased; a trend that was observed, regardless of noise level (It is good to note that the 

sLORETA fitting was acceptable. The residual error defined as the norm of the residual 

vector normalized by the norm of the measured potential vector, was on average equal to 

0.12±0.007).

One major concern in weighted minimum norm (WMN) like solutions is the effect of source 

depth on inverse solution accuracy. It is generally known that deep sources are localized 

1The Definition of the SNR used is as follows, , where power of a vector is calculated as the 
mean of the squared value of each entry in the vector.
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with higher error (Dale and Sereno, 1993; De Peralta-Menendez and Gonzalez-Adino, 1998; 

Hämäläinen and Ilmoniemi, 1984). Figure 6 shows the relation between source depth and 

localization error for two electrode configurations, i.e. 128 and 32 electrodes. It can be seen 

that localization error increases almost linearly with source depth. It is noteworthy that the 

depth-error relation appears to be more prominent and with higher variation when a lesser 

number of electrodes was used (Fig. 6).

In order to further investigate the relation between localization error and electrode number, 

the dipole sources were divided, based on their depth (distance to surface electrodes), into 

superficial and deep sources. The localization error for each group was calculated, and is 

represented in Fig. 7. Comparing the superficial (Fig. 7A) and deep (Fig. 7B) sources, it can 

be seen that the same relation seen in clinical data is also observed regardless of source 

depth (noting that deep electrodes have larger localization errors).

To study the effect of lesion size the same procedure as before was repeated for sources with 

extent. That is, instead of simulating a dipole, spherical sources with two different sizes 

were simulated at each random location. The inverse problem was solved using the 

sLORETA method and the maximum of the inverse solution was compared to the center of 

the simulated sphere to calculate the localization error. As it can be seen in Fig. 8A, the 

same plateauing effect as before is observed. It is good to note that the improvement is not 

as steep in the large lesion compared to the small lesion. This is intuitive as explained before 

in the clinical data section. Signals arising from larger lesions are more prone to be picked 

up even with fewer numbers of electrodes. To see if the relative location of the lesion and 

the electrode position can play a significant role or not, the simulated sources were 

categorized as under and between electrodes, based on the distance between the center of the 

source and the nearest electrode when the center was projected to the scalp. As it can be 

seen in Fig. 8B, the same phenomenon is observed. This is comprehendible as the signal 

coming from the lesion is not only picked up by the nearest electrode, but also by other 

electrodes on the scalp. After all, it is the scalp map that distinguishes different source 

configurations, and as all the electrodes play a role in sampling the scalp potential, the 

relative position of one electrode and source center should not play a significant role in 

localizing the source.

Discussion

In this study we have examined the relationship between the localization error and the 

number of scalp electrodes in pediatric epilepsy patients. It was confirmed that the source 

localization benefitted from an increased number of scalp electrodes. Moreover, the rate of 

improvement decreased as electrode number increased. This is particularly interesting, 

considering the question of required number of electrodes for accurate localization. The data 

presented in the present study suggests a plateauing pattern for localization error as electrode 

number increases. It is interesting to note that the group average interelectrode distance 

pertaining to 128 electrode configuration is about 2 cm (in this study), which is the value 

traditionally reported as the minimum interelectrode spacing for some applications (Spitzer 

et al., 1989; Srinivasan et al., 1998; Tucker, 1993); However, a wide range of interelectrode 

spacing can be inferred based on previous studies (Freeman et al., 2003; Nunez and 
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Srinivasan, 2006; Spitzer et al., 1989; Srinivasan et al., 1998; Tao et al., 2005; Tucker, 

1993). This range varies from 1 to 3cm. To further complicate the matter, the intrinsic low 

pass filtering effect of the skull (Srinivasan et al., 1996; Srinivasan et al., 1998) needs to be 

taken into consideration as well. This indicates that such studies need to continue with a 

larger number of electrodes to fully investigate the matter. Whether it can be concluded that 

a particular number of electrode configuration is enough, is a question that can only be 

answered when an abundance of experiments with 256 electrode (or more) configuration are 

conducted.

A realistic BEM head model has been used in our study. As shown by previous studies, 

using realistic BEM model versus a simple three concentric spheres model provides more 

accurate solutions (Ding et al., 2005; He et al., 1987, 2002; Herrendorf et al., 2000; Roth et 

al., 1997; Wang et al., 2011). An additional improvement that can be incorporated into 

future studies is the inclusion of actual electrode position on the patient scalp. Due to the 

lack of such data in the present study, the electrodes were placed on the head using the MRI 

images of the patient, trying to disperse the electrodes as uniformly as possible and as close 

as possible to the original/modified 10–20 system, using anatomical landmarks such as 

nasion, PAL, PAR and inion; Nonetheless the mismatch may still cause some error in the 

source localization. If accurate electrode positions were provided by a digitizer, the source 

localization would potentially improve further (De Munck et al., 1991; Khosla et al., 1999; 

Towle et al., 1993; Wang and Gotman, 2001). It seems that there are two possible methods 

to find sensor locations. The first category is the manual method; where each sensor location 

has to be measured individually. In the other category, only a subset of sensor locations are 

measured and the rest are interpolated (Russell et al., 2005). Choosing either of the methods 

depending on time and required accuracy improves source localization.

The main focus of this work was not to investigate the performance of the inverse method in 

estimating the extent of the epileptogenic lesion or to come up with an inverse algorithm that 

could potentially give estimates of the source extent. Nonetheless, being able to give 

reasonable estimates of the lesion size is potentially important and interesting in clinical 

settings. In order to partially address this within the scope of this paper, some area under 

curve (AUC) analysis (where the curve is the receiver operating characteristic, ROC, curve) 

was performed. If the resected area is set as the active or desired area and the rest of the 

brain is set as the inactive area, by thresholding the inverse solution with various different 

thresholds, a sensitivity (ratio of points in the resected area with their corresponding value in 

the inverse solution being above the threshold, to all the points in the resected area) and 

specificity (ratio of points within the inactive region with their corresponding value in the 

inverse solution being below the threshold, to all the points in the inactive region) can be 

attributed to each threshold. Plotting these sensitivity-specificity pairs together in a plot will 

give a curve known as the receiver operating characteristic (ROC) curve. Calculating the 

area under this curve gives a value which is called the AUC. The closer this AUC is to 1, the 

better our estimation of the resected area will be (Grova et al., 2006). It was observed that 

the AUC value for the different electrode configurations did not vary much and had the 

mean value of 0.86±0.12. As it can be seen changing the number of electrodes did not affect 

the estimate of the source extent much. This may be interpreted as a limitation of inverse 

algorithms. They are not as sensitive to lesion size as to location. Many efforts have been 
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put in place to make the inverse algorithms more accurate and less blurred, but there is still a 

long way ahead. It seems that working on better inverse algorithms being more sensitive to 

lesion size is a necessary direction for future work.

Epilepsy is one of the most common neurological diseases among children, and has strong 

undesirable effects on the patients throughout their life (Shinnar and Pellock, 2002). There 

are adverse impacts on the social, economic and educational aspects of pediatric patients 

with recurring seizures; thus seizure control and treatment are very important for pediatric 

patients (Lu et al., 2012b; Shinnar and Pellock, 2002). About 30% of pediatric epilepsy 

cases are not remitted. Some of these patients undergo resection to control seizures (Engel, 

2008; Palmini et al., 1991; Siegel et al. 2004); thus, trying to improve noninvasive methods 

that assist the physician is crucial. EEG source localization is a good candidate which needs 

further improvement and studying.

In conclusion, it was shown that using EEG source localization to determine the 

epileptogenic foci in epileptic patients gives reasonably accurate results. The effect of 

electrode number on localization error was investigated using the surgical resection and 

ECoG defined SOZ. It was shown how source localization improvement rate was slowed 

down when electrode number increased. Simulation results also confirmed the trend and 

further showed that the trend is valid regardless of source location (deep or superficial 

sources). Finally, looking into the variability of minimum interelectrode spacing reported in 

the literature, it was concluded that more such studies are necessary. Our study shows that 

using a high density EEG configuration in pediatric epileptic patients (during the presurgical 

workup) can help the physician to plan for surgery more precisely and reliably.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• The relationship between source localization and electrode number was 

investigated in pediatric patients with partial epilepsy.

• Source imaging results were compared with surgical resection and seizure onset 

zone from intracranial electrodes.

• The source localization is improved when electrode numbers increase, but the 

absolute improvement is less significant for larger electrode numbers.
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Fig. 1. 
Schematic diagram of current study’s data analysis
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Fig. 2. 
The source location of all interictal spikes in Patient 3 obtained using respectively (A) 128, 

(B) 96, (C) 64 and (D) 32 electrodes. The blue dot represents the location of maximum of 

sLORETA inverse solution. The yellow line shows the resection boundaries. Note that the 

spike maxima are projected to the plane of view.
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Fig. 3. 
Mean source localization error (comparing with resected area) for (A) individual patients 

and (B) all patients stacked together for different electrode numbers. Black bar represents 

standard deviation.
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Fig. 4. 
Mean source localization error (comparing with ECoG defined SOZ) for (A) individual 

patients and (B) all patients for different electrode numbers. Black bar corresponds to 

standard deviation. Note that Patient 2 had no ECoG data.
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Fig. 5. 
Source localization error for different electrode numbers and various SNRs in a realistic 

BEM model (Simulation Study). Mean values corresponding to source localization error of 

100 simulated points of random location and orientation are depicted. The black bars 

represent the standard deviation. Each color represents different SNR values.
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Fig. 6. 
Relation of depth and source localization error. The horizontal axis shows the distance of 

each simulated dipole to the scalp. The green circles represent the source localization error 

when 32 electrodes are used to perform the inverse for each simulated dipole, and the blue 

asterisks represent the 128 electrode case. The regression line is provided in each case. Note 

that the localization error is higher for deeper sources than the superficial ones. Also note 

that the depth-error dependency is more prominent when using less number of electrodes for 

reconstruction.

Sohrabpour et al. Page 19

Clin Neurophysiol. Author manuscript; available in PMC 2016 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Fig. 7. 
Source localization Error for different electrode numbers and various SNRs for (A) 

superficial and (B) deep dipoles in a realistic BEM model (Simulation Study). Mean values 

corresponding to source localization error of 100 simulated points of random location and 

orientation, depicted. The black bars represent the standard deviation. Each color represents 

different SNR values. Note that the same relation as in (Fig. 5) can be seen regardless of 

source depth.
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Fig. 8. 
Source localization errors and their relation with electrode numbers for extended sources in 

computer simulation. (A) Two different source sizes were simulated at each random location 

and the same relation between electrode number and localization error is seen regardless of 

lesion size. (B) The two sources with different size were classified into two groups based on 

their relative location with the 32 electrode configuration. The same plateauing effect is 

observed regardless of the lesion being under or between the electrodes.
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