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ABSTRACT.  
In this paper, an image-based locator using the graphic color region growth procedure for segmentation 

(CRGPS) is proposed to detect positions of segmented disease-related patterns, including multiple intracranial 

electrodes implanted for the location of the seizure onset zone with epilepsy in stereo-electroencephalography 

(SEEG) and brain tumors in magnetic resonance imaging (MRI). In the proposed CRGPS method, the 

procedure of partitioning a color image into graphic regions of color is based on average values of colors in the 

graphic color region growth process. Then the image region projection operation is preformed to locate 

graphic regions of the segmented disease-related patterns in the X-Y coordinate plane on the basis of the image 

greyscale transformation. The experimental results not only succeed in localizing positions of the brain tumor 

regions in MRI and implanted intracranial electrodes used for tracing epilepsy in SEEG, but also exhibit the 

capability of enhancing the segmentation performance with color visualization of disease-related patterns. This 

study might provide unique insight with color vision to probe the depths of graphic regions of seizure focus with 
implanted intracranial electrodes in SEEG and brain tumors in MRI, which might have the potential to detect 

locations of disease-related patterns of interest graphically as markers for the early diagnoses of disease in 

medical imaging.  
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I. INTRODUCTION  

Neurological disorders affect as many as one billion people worldwide, which could be diagnosed 

according to the primary location affected and the primary type of dysfunction involved. Among them, there are 

more than 600 diseases that connect the nervous system, including brain tumors and epilepsy. According to 
Health Canada, every day, 27 Canadians are diagnosed with brain tumors. There are over 120 different types of 

brain tumors, making medical diagnoses and effective treatment very complicated. In addition, the aggressive 

brain tumor is one of the leading causes of death in children under the age of 20 and the third leading cause of 

solid cancer death in young adults ages 20-39. The medical diagnoses for patients with brain tumors depend on a 

number of factors, including locations of tumor in the brain. The surgeons usually need to make a small hole in 

the skull and then guides a needle to the tumors in the brain, in order to find the exact locations of the brain 

tumors for a biopsy for medical interventions and treatments  (Bauer, et al., 2013; Bakas, et al., 2017; Egger et 

al., 2013).  

Among neurological disorders, epilepsy is a central nervous system disorder that causes seizures or 

periods of unusual behavior. The onset of epilepsy is common in children and older adults in general, but the 

condition can occur at any age. According to the World Health Organization, 50 million people have epilepsy. 

Since epilepsy is caused by some abnormal activities in the brain, seizures would affect any process the brain 
coordinates. Because seizure symptoms could vary widely for the brains of people with epilepsy, one of the 

challenges in achieving successful surgical outcomes in patients with epilepsy is the ability to appropriately 

localize the seizure onset zone (SOZ), including multiple intracranial electrodes implanted for epilepsy for 

localizing the SOZ in stereo-electroencephalography (SEEG), for the early diagnoses of the type of an epilepsy. 

(Wang, et al., 2021; Grecoa, et al., 2018; Ryvlin, et al., 2014; Bahi-Buisson, et al., 2008). 

It might be useful to design an image-based locator for detecting positions of disease-related patterns 

with color visualization of shape graphically in the modalities of medical imaging, e.g., brain tumors in 

magnetic resonance imaging (MRI) and multiple intracranial electrodes implanted for epilepsy in SEEG, for the 

early diagnoses. In image processing, one application of the segmentation in color image is the localization of 

graphic image pattern positions and regions, in which the pixels belonging to a region of image pattern have the 

same color. For a color image, each category of pixels of colors denotes a region of the original pattern related 
to an image pattern to be classified in segmentation (for example, brain tumors in MRI and multiple electrodes 

implanted for epilepsy in SEEG in this study). Hence, the designs of segmentation algorithms in medical 

imaging would play an essential role in the acceleration of progress to benefit the discovery of disease-related 
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patterns with position for neurological diseases (Guo, at al., 2018; Gerard, et al., 2017; Ahmed, et al., 2015; 

Weiner, et al., 2013; West, et al., 2012). 

There are various segmentation methods in the applications of neuroscience in medical imaging, 
including the manual work in a slice-by-slice manner (Egger, et al., 2013), the thresholding (Tohka, 2014; 

Rafael, et al., 2008), the morphology (Gui, et al., 2012) and the atlas-based procedure (Wang, et al, 2014). Most 

of them count on anatomical priors basically. Among the various segmentation methods, the atlas-based method 

needs the prior template of the human brain. The performance of morphology method might be related to the 

prior initial regional minima with the issue of over segmentation probably. Besides, using the image intensity 

information prior, the threshold selection in segmentation is sensitive to noise for images with low contrast in 

medical imaging (Tohka, 2014; Yang, et. al., 2015; Duyn, 2012). The review above reveals that most of the 

segmentation methods might be unsuccessful in automated real time applications, which generally work with no 

human involvement and demand no any anatomical priors for image segmentation. Different from the 

segmentation methods reviewed above, this study aims to use an image-based color region growth procedure for 

image pattern segmentation, as to address the issue of detecting positions of disease-related patterns with color 
visualization of shape graphically in medical imaging, including epilepsy in SEEG and brain tumors in MRI. 

 

II. PROPOSED METHOD  

Figure 1 illustrates the proposed image-based locator using the graphic color region growth procedure 

for segmentation (CRGPS), in order to detect positions of disease-related pattern with color visualization of 

shape graphically in medical imaging. In the CRGPS approach, the segmentation S is a partition of a color 

image into graphic regions of color such that each graphic region of color R ∈ S corresponds to a connected 

graphic region in the color image. This means that the segmentation in the CRGPS approach is induced by a 

subset of the graphic regions of color in the color image. 
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Figure 1: Proposed method  

 
In image processing, the segmentation is the process of partitioning an image into various segments of 

image patterns, in order to change the representation of an image into objects of interest that is more meaningful 

and easy to analyze. For a color image, the segmentation is the procedure of assigning a pattern label to each 

color pixel such that color pixels with the same pattern label share certain characteristics with color. One 
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technique of the graphic color region growth procedure for segmentation counts on mainly on the hypothesis 

that the neighboring pixels within one color region have similar values. In general, the differences among 

intensity values of color pixels and the average values of colors in the color regions in a color image are used as 
criteria to measure the likeness among them. This means that the pixel with the smallest difference measured in 

this way is assigned to the respective color region in a color image. This process continues until all pixels are 

assigned to a color region (Rafael, et al., 2008; Petrou, et al., 2004). 

Image segmentation can be applied further to locate objects of interest, i.e., some disease-related 

patterns in medical imaging. The graphic color region growth procedure is an effective technique for image 

segmentation, which models the impact of pixel neighborhoods on a given color region of pixels or pixel under 

the hypothesis of homogeneity in color images. In the proposed CRGPS approach, the graphic color region 

growth procedure is employed as a main process that partitions a color image into graphic regions of color, in 

order to detect positions of segmented disease-related patterns. Given a set of n regions of color in a color 

image, R (r1, r2, ……, rn), the graphic color region growth procedure is an approach to determining the n regions 

of color basically by the formulation (Rafael,et al., 2008; Petrou, et al., 2004; Moon, et al., 2000): 
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The formula (A) indicates that the graphic color region growth procedure in a color image, R (r1, r2, ……, rn), 

must be complete thoroughly. In other words, each color pixel must be located in a graphic region of color, ri (i 

= 1, 2, ……, n), in the procedure; in the formula (B), the properties of color in the procedure need to be satisfied 

by the color pixels within a segmented color region. 

Because an image with color could have at least three color components, each color pixel in the color 
image could be considered as a vector of color components in a coordinate system. For example, each color 

pixel in the RGB (red, green and blue) coordinate system can be characterized as a vector of the RGB 

components, from the origin to that pixel in the RGB coordinate system. In this study, we let the average values 

of color be denoted by the RGB vectors as a set of seed points of pixels in the graphic color region growth 

procedure in the color image. Given a set of color pixels representative of a color (or the range of color) of 

interest in the color image, we could get an estimate of the average values of color, defined as the color average 

criteria in the graphic color region growth procedure. In this study, based on the predefined color average 

criteria, the graphic color region growth procedure checks adjacent color pixels of the neighboring points and 

evaluate whether the adjacent color pixel would be joined in graphic regions of color. If the predefined color 

average criteria is satisfied, the color pixel would be set to the color region as one or more of its neighbors. 

By way of the color average criteria using the Euclidean distance, the graphic color region growth 

procedure needs to calculate each color pixel in the set of properties of color, P(ri), for assignment of that color 
pixel to a graphic sub-region of color, ri. The shortest distance indicates that there is the positive 

underlying likeness of color between that color pixel and the one alike graphic sub-region of color in the graphic 

color region growth procedure. In summary, the main steps in the CRGPS approach are the following: (1) 

calculate average values of colors of patterns as the predefined color average criteria; and (2) allocate each color 

pixel to a region of color in the graphic color region growth procedure, according to the color average criteria, 

until there are no modification in two successive iterative steps in the procedure. 

Greyscale images have shades of grey with the spectrum of grey monochrome regardless of its color in 

the context of computer imaging. Pattern pixels in greyscale image could be quantized to be stored as rational 

numbers for computation. To locate the positions of segmented color regions of patterns in the X-Y coordinate 

plane, the image greyscale transformation is performed first to characterize segmented patterns in the levels of 

grey with rational numbers in computation. Then, accomplished by the image region projection operation, the 
proposed CRGPS approach enables to locate positions of segmented disease-related patterns of  interest in the 

X-Y coordinate plane, including multiple intracranial electrodes implanted for the detection of the SOZ for 

epilepsy in SEEG and brain tumors in MRI in the validation. 

 

III. EXPERIMENTAL RESULTS  

This section is divided into two subsections in the CRGPS implementation on the experimental datasets 

of the epilepsy image in SEEG and the brain tumor image in MRI. In the first subsection, a set of segmentation 

results is reported to assess the performance of the proposed CRGPS method for image pattern segmentation 

with graphic color visualization of shape. The second one presents the location results for detecting the graphic 

regions of the segmented multiple electrodes implanted for the detection of the SOZ with epilepsy and the 

segmented necrotic/cystic core pattern for brain tumors in the X-Y coordinate plane. 
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3.1 Image Segmentation Results  

Figure 2 presents the segmentation results from an example of experiments in an epilepsy image in 

SEEG in the CRGPS implementation. Figure 2(a) is the original image of epilepsy in SEEG (Image credit: 

McGill University). The original image size is of 300 X 249 pixels of color. It can be observed that there are five 

different colors of image patterns graphically in the original color image (with the image patterns of the yellow, 
the grey, the blue, the green and the purple), indicating five graphic sub-regions of color needed to be selected in 

the graphic color region growth procedure. 

Achieved by the CRGPS implementation in this study, Figure 2(b) shows the segmentation results with 

the output of the five visible segmented image patterns, ‘A’, ‘B’, ‘C’, ‘D’ and ‘E’ on the epilepsy image dataset 

in SEEG. In Figure 2(b), the segmented brain anatomy section ‘B’ is shown in grey color, while the other three 

segmented patterns of brain_markups (‘C’, ‘D’, and ‘E’) are separated graphically in the blue color, the green 

color and the purple color, respectively. More importantly, we can see that the segmented pattern of multiple 

intracranial electrodes ‘A’ in Figure 2(b) is shown clearly in yellow color with visualization of shape 

graphically, which was implanted for detecting the location of the SOS which might assist in diagnosing the 

type of an epilepsy. 

Figure 3 shows the segmentation results from an example of experiments in the brain tumor image in 
MRI in the CRGPS implementation. Figure 3(a) is the original image of brain tumor in MRI (Image credit: 

University of Pennsylvania). The original image size is of 326 X 306 pixels.  In Figure 3(a), there are five 
different colors of graphic image patterns, the green one (the necrotic/cystic core), the blue one (enhancing 

core), the yellow one (the edema), the red one (the non-enhancing solid core) and the grey one (brain anatomy 

section), involved in the original image of brain tumor in MRI; this means that five graphic sub-regions of color 

are needed to be selected in the graphic color region growth process for the image of brain tumor in MRI. 

Figure 3(b) displays the segmentation results with the output of the five visible segmented patterns, 

‘A’, ‘B’, ‘C’, ‘D’ and ‘E’, achieved in the CRGPS implementation on the brain tumor image in MRI. It can be 

seen that the results of the five segmented pattern sections are shown graphically in various of colors, the 

graphic patterns of green ‘A’, the blue ‘C’, the yellow ‘D’ and the red ‘E’, plus the brain anatomy pattern ‘B’ 

with grey color. Among them, the graphic pattern of green ‘A’ is the necrotic/cystic core in brain tumors whose 

position usually needs to be located precisely for the medical intervention. 
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Figure 2: Segmentation results from an example of experiments in an epilepsy image in SEEG: (a) the original 

epilepsy image in SEEG (Image credit: McGill University); (b) segmentation results of the five segmented 

image patterns graphically. 
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Figure 3: Segmentation results from an example of experiments in the brain tumor image in MRI: (a) original 

brain tumor image in MRI (Image credit: University of Pennsylvania); (b) segmentation results of the five 

segmented image patterns. 

 

3.2 Location Results for the Segmented Image Pattern Positions 

In the scenarios, the proposed CRGPS approach in this study is interactive, which integrates the 

technique in the graphic color region growth procedure for segmentation and the model for detecting locations 
of segmented disease-related patterns graphically in the X-Y coordinate plane. After the color image partitions 

into the meaningful pattern regions of color (see Figures 2-3(b)), Figures 4-5 further illustrate the location 

results in the CRGPS implementation for each of segmented patterns ‘A’ from Figures 2-3(b), the segmented 

implanted electrodes pattern ‘A’ with yellow for epilepsy in Figure 2(b) and the segmented necrotic/cystic core 

pattern ‘A’ with red for brain tumors in Figure 3(b).  

Greyscale images are composed exclusively of shades of grey. In greyscale image, the intensity of a 

pixel is represented in a given range from 0% to 100% with any rational numbers in between. In greyscale 

images, each pixel depth allows 256 different intensities (indicating of shades of grey) to be recorded, which 

simplifies the computation in the applications of image processing. In this study, the image greyscale 

transformation is performed to convert the two segmented color patterns ‘A’ {from Figures 2-3(b)} to grayscale 

images in the levels of grey. Figures 4-5(a) show their image transformation results of the two segmented 
patterns ‘A’ in greyscale in a range of monochromatic shades from black to white with their rational numbers.  

Therefore, each sample pattern in greyscale images in Figures 4-5(a) can be accessed individually as one full 

byte in the computation through their rational numbers, which are used for locating the position of these two 

graphic segmented pattern ‘A’ in the X-Y coordinate plane.  

Using the operation of image region projection, Figures 4-5(b) further illustrate the location results for 

detecting the positions of the two segmented pattern ‘A’ in the X-Y coordinate plane, where the segmented 

intracranial electrodes pattern ‘A’ for epilepsy located in the position {(x1, x2), (y1, y2) = (150, 775), (75, 500)} 

within the yellow rectangle in Figure 4(b) and the segmented necrotic/cystic core pattern ‘A’ for brain tumors 

located in the position {(x1, x2), (y1, y2) = (170, 245), (110, 185)} within the green rectangle in Figure 5(b). As 

a result, this would be helpful to have unique insight to probe the depths of regions of seizure focus in SEEG 

and brain tumors in MRI graphically for the early medical intervention. 
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(a) results of the segmented electrodes pattern ‘A’ 

from Fig. 2(b) in greyscale; 

(b) location results for segmented  electrodes pattern ‘A’ 

in yellow rectangle {(150, 775), (75, 500)}. 
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Figure 4: Location results for the segmented implanted intracranial electrodes pattern ‘A’ (the one with yellow 

in Figure 2(b)) in the X-Y coordinate plane in the CRGPS implementation. 
 

 

(a) results of the segmented necrotic/cystic core 

pattern ‘A’ of brain tumor from Fig. 3(b) in 

greyscale; 

(b) location results for segmented necrotic/cystic core 

pattern ‘A’ of  brain tumor  in green rectangle {(170, 245), 

(110, 185)}.
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Figure 5: Location results for the segmented brain tumor pattern ‘A’ (the one with green in Figure 3(b)) in the 

X-Y coordinate plane in the CRGPS implementation. 

 

IV. DISCUSSION AND CONCLUSION  

The SOZ for the brains of people with epilepsy is an electroclinical definition associated with the site 

of beginning and of the primary organization of the seizures in cerebral regions with the seizures.  Symptoms 

vary depending on the type of seizure. One main hypothesis is that the SOZ is located in the right insula related 

to the large insular tuber with propagation in the anterior cingulate cortex. There is also the possibility of either 

early involvement of the frontal lobe or a purely frontal SOZ involving the anterior cingulate cortex. In general, 

it is not easy to locate precisely the insular extension of the SOZ, where the seizure propagates through pre-

surgical evaluations (Wang, et al., 2021; Despouy, et al., 2019; Bartolomei et al., 2017). 
Detecting the regions of the disease related-patterns of interest in medical imaging would be helpful for 

medical interventions in neurological diseases. In this study, the implementation results show that the proposed 

CRGPS locator is capable of detecting graphic regions of disease-related patterns for discovering valuable 

information for the implanted electrodes in localizing the SOZ. For example, in the original image of epilepsy in 

SEEG in Figure 2(a), the implanted electrodes pattern ‘A’ (with obscure yellow points of line) was hidden there 

under the brain mark-up pattern ‘C’ (with the blue region of area); however, without hidden by the brain mark-

up pattern ‘C’ as achieved from the CRGPS implementation, the implanted electrodes pattern ‘A’ in Figure 2(b) 
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can be seen clearly in yellow color individually, ultimately leading to localization of  the implanted electrodes 

pattern ‘A’ with visualization of shape graphically in the X-Y coordinate plane  (see Figure 4) in this study.  

This study is the first to explore an approach to locate intracranial electrodes implanted for the SOZ 
and brain tumors with an improved visualization of shape using the graphic color region growth procedure for 

segmentation in medical imaging. Although the current proposed CRGPS method has a limitation of the 

shortage of medical image data used in the implementation, this can be solved by implementing more neuro-

images with access to bigger data sets of medical imaging. The experimental results show the clinical 

applicability of the proposed CRGPS method for locating positions of the segmented image patterns in the X-Y 

coordinate plane graphically in both of the brain tumor image in MRI and the epilepsy image in SEEG. This 

would allow to intervene with therapies in the step where can personalize in the way that might be meaningful in 

the diagnoses of disease. 

Detecting the locations of disease related-patterns at combining approaches of image pattern 

segmentation might be helpful to diagnose neurological diseases in the early stage in medical imaging (Guo, 

2017; Fereshtehnejad, et al., 2017; Lozano, et al., 2017; Martono, et al., 2016). In the future, more comparisons 
with other approaches in the literature on the data of epilepsy in SEEG and brain tumors in MRI might be 

possible in the access to more datasets of medical imaging. The research project in this study might have the 

potential to be applied for future models at combining new approaches to detect locations of disease-related 

patterns of interest graphically as markers for the early diagnoses of neurological diseases in medical imaging.  
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