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Abstract 

In today’s world, cancer is becoming one of the most dangerous 

disease which leads to death rate of 2 million per year, and the 

third world leading cancer for men and woman is colon cancer, 

which has the mortality rate of 30% in US population above 70 

years old.  In Malaysia, Colon cancer mortality rate is higher in 

all the races and becomes predominant cancer after breast and 

lung cancer.  Colon cancer develops in the larger intestine or 

rectum, the recognition of this cancer is through endoscopy 

images for early diagnosis, the techniques used for screening is 

colonoscopy or capsule endoscopy to acquire the images.  The 

nature of colon cancer begins in a form of “Polyp”, where the 

growth of tumour is on the inner line of the colon or at the 

rectum. Early stages, polyps are non-cancerous and later leads 

to growth of cancer. After screening, challenging task for 

radiologist is to read the location and detection of polyp in the 

image. The main objective of the research is to design a 

Computer Aided Diagnosis (CAD) prototype for early 

detection of gastro tumour polyps known as Aberrant crypt foci 

through endoscopic colon images by step wise image 

processing techniques. The proposed hybrid image processing 

techniques follows the conventional stages which includes 

image acquisition, pre-processing, segmentation, feature 

extraction and classification. In this paper, the main focus is on 

analysing and demonstrating the implemented results of 

detection of gastro polyp aberrant crypt foci through 

endoscopic images, feature extraction and classification results 

are not demonstrated in this study. The experimental results 

were implemented in MATLAB and shows the various results 

of segmented polyps with different shapes from the colon 

images. The intelligent gastro tumour segmented prototype will 

be very useful and supportive for doctors to have computer 

assisted system for evaluating the abnormal patterns in the 

colon images. 

Keywords: Colon Cancer, Polyp Tumour, Image 

Segmentation Feature Extraction and Classification. 

 

 

 

INTRODUCTION 

According to global health statistics, cancer is becoming the  

serious illness among men and woman which leads to higher 

death rate every year, among various types of cancer mortality, 

colon cancer is death is increasing among global population. 

According to Malaysian national health screening statistics, 

colon cancer death rate was nearly 20% among the population. 

Colon cancer is also called as colorectal cancer, which starts in 

colon or rectum which has many similar features, depending on 

which location the cancer starts. The growth colorectal cancer 

starts with polyps which can been observed in the inner 

boundary of the colon or rectum. There are different type of 

polyps occurs in the colon, some polyps are cancerous and non-

cancerous.  The presence of polyps is classified in to adenomas 

(i.e. in the form of epithelial tumour) and carcinoma (i.e. 

malignant tumour), if the adenomas are not treated at early 

stages, it becomes carcinoma.  Most of the colon cancer 

mortalities are diagnosed and prevented by early treatment of 

removing the colon polyps [1].  The procedure to diagnose for 

early detection of the colon polyps is to undergoes a screening 

procedure knowns as virtual colonoscopy or endoscopy or 

capsule endoscopy. Figure 1 illustrates the conventional 

colonoscopy image.  

 

Figure 1. Illustrates the a) colonoscopy image b) colon polyps 

c) aberrant crypt foci are diagnosed through screening [2]. 

 

Innovation in technology of developing diagnostics tools can 

help to recognise the tumour, create early awareness and makes 

the results faster, therefore more biopsy test can be performed 

and increases the number of population for screening. Early 

detection of the cancer can reduce mortality rate and it is highly 
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beneficial to society. CAD systems have created a higher 

interest to the research in cancer imaging and develop 

complementary diagnostics tools, current development of CAD 

system to detect gastro polyp tumour is aberrant crypt foci, if 

the polyp is not recognised in early stages, then it leads to 

severe colon cancer. Figure 2 illustrates the anatomy of colon 

and positions of gastro poly tumour [2] [3].  

 

 

 

Figure 2 illustrates the anatomy of colon and positions of 

gastro poly tumour [2] [3]. 

 

There are several screening procedures available to diagnosis 

the colon cancer through endoscopy, capsule endoscopy and 

tomography scanning are the common screening procedures to 

locate the abnormalities.  In tomography scanning, as per the 

radiologist, the challenging task is to differentiate the colon 

wall and colon polyps from the different angles of CT slides.  

Due these difficulties in identifying the location of polyps 

through visual screening leads to higher chances of miss in 

cancer. Therefore, automatic detection of polyps can make the 

diagnostic process faster and not need to depend on high level 

radiologist experts for decision making.  In this area of colon 

cancer imaging, there were limited research has been conducted 

with less number of datasets, still there is lack in accuracy, 

sensitivity and specificity.  In prior research, Vining et al [4] 

have proposed a technique to detect the colon polyps based on 

local curvature analysis method, 70% of sensitivity was 

achieved for very limited datasets, so the results were not 

effective in detection of colon abnormalities. Another 

researcher Summer and his team [5] have designed a method to 

locate the convex surface of protrude which is at inner line of 

colon, based on estimating the mean of colon surface, and 

detect the change in surface pattern, but the results achieved are 

25% and 85% in the sensitivity.  Research conducted by 

Yoshida [6] is based on feature extraction which includes shape 

and inner line curves, the shape index is calculated based on 

cup, ridge or cap and curve value are based on size, once the 

features are extracted, fuzzy clustering technique is used for 

polyp detection. The results achieved through this method are 

85% of sensitivity.  Researcher Acar [7] have proposed a 

technique to recognize and segment the spherical patches based 

on Hough transforms and analyse the presence or absence of 

polyps.  There is few research conducted on different types of 

polyps through automated image processing methods by 

Gokturk [8], Paik [9] Tarik [10], Wang [11], Mustain Billah 

[12], S.A.Karkanis [13], N. Tajbakhsh [14]  and S.Y.Park [15]. 

All the prior research works on CAD methods have 

demonstrated different level of accuracy results and highlights 

for future work to design a robust CAD based approach for poly 

detection. In this paper, there are hybrid image processing 

algorithms are proposed for polyp detection. The experimental 

results were discussed in detail which shows greater sensitivity 

for polyps of aberrant crypt foci size more than 5mm-10mm. 

The main objective of the paper is to discuss the results of 

designed computer assisted diagnosis method for segmenting 

the gastro polyp aberrant crypt foci using stepwise image 

processing methods. The step-wise image processing approach 

is to segment and classify the aberrant crypt foci polyp acquired 

through enhanced endoscopy colon images. The paper is 

organized as follows: Section 2 explains the proposed research 

methodology on computer vision techniques to segment the 

polyp aberrant crypt foci from endoscopic images. Section 3 

demonstrates and analyse in detail the results of pre-processing, 

segmentation and feature extraction of polyp aberrant crypt foci 

detection. Finally, research work is summarized and concluded 

in Section 4.  

 

Methodology: Intelligent Gastro Tumour Segmentation by 

Image Processing Techniques 

Analysing the images are being important in many domains 

which includes medical. There are several pathologies have 

been recognised through design of novel techniques and 

approaches of image processing. Development of CAD 
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systems will increase the diagnostic efficiency and minimize 

the manual human error which are effected by fatigue and 

subjectivity.  In this research, challenging polyp tumour 

aberrant crypt foci will be segmented based on designed hybrid 

image segmentation algorithms, but this tumour aberrant crypt 

foci taken for the research is complicated, once it is acquired, 

the colonoscopy will produce multiples images with higher 

noise which will increase the probability of recognition error, 

the reason is due to some of the tumour are very hard to identify 

in the naked eye due to staining tissues , size, shape colour and 

overlapping surface. Digital images have special features 

which can influence the processing and analysing phase. Based 

on this special features for extraction to identify the polyps, 

different stages of algorithm have been proposed in this 

research work. 

The proposed method follows the step wise image processing 

algorithm which includes five stages: Acquisition (i.e. Digital 

Image Acquisition) Pre-processing (i.e. Image enhancement), 

Segmentation (i.e. Pre and post segmentation), Feature 

extraction (i.e. Representation and description of features) and 

Classification (i.e. Recognition). But all of these steps will not 

be focused in the research, only relevant stages will be 

discussed with results in this paper. Figure 3 illustrates the 

proposed methodology of intelligent gastro polyp tumour 

detection.   

 

 

Figure 3. Illustrates the proposed methodology of intelligent 

gastro polyp tumour detection 

 

Before proceeding to the methods, the challenges of 

segmenting the polyp aberrant crypt fociis due to over 

colouring in the image, poor illumination, high darker areas in 

region of interest, stool presence, occurrence of air bubbles and 

artefacts, if there is a change in usage of colonoscopy which 

may leads to wrong diagnosis during the clinical examination. 

To overcome all these challenges, stepwise image processing 

and analysis are performed in this study. 

Pre-processing: Once the digital image of colon is acquired, 

then the next step is carried out the pre-processing to reduce the 

noise and enhance the quality of image. In the pre-processing 

phase, different level pf procedures are applied which includes 

reduction of noise, contrast enhancement, gradient estimation 

and extraction of ROI (i.e. Region of Interest). The proposed 

algorithm for this phase to enhance the colon image is based on 

average filtering method, Gaussian noise reduction with 

different kernel parameters and histogram equalization.  The 

important process in pre-processing is to reduce or remove the 

noise from acquired original images. Initial images will be a 

colour images which consists of three layers (i.e. RED, 

GREEN, BLUE) which will be converted into HSV (i.e. HUE, 

SATURATION, VALUE) and from there noise reduction 

algorithms are applied. Next smoothening operation like 

median and Gaussian are applied to remove the pixels which 

has more noise on specific regions, wherever the darker region 

is observed and removed. If the noise is not reduced or the 

pixels are not smoothened, then it is hard to segment the 

tumour.  The focus of the paper is to demonstrate the achieved 

results, so the detailed explanation of this stages are ignored. 

Figure 4 illustrates the pre-processing stages of polyp detection. 

 

Figure 4. Illustrates the pre-processing stages of polyp 

detection. 

 

Segmentation: The challenging phase in image processing is 

the reduction of high level information is the segmentation.  

Pre-processed image is divided into smaller regions or objects, 

if the regions are related to abnormal pixels, then the 

segmentation is processed based on the region of interest. There 

are several algorithms combined together to provide an 

effective result for polyp detection. The process of different 

algorithm is explained based on relevancy to the proposed 

work. Figure 5 illustrates the different segmentation approach 

for polyp detection. 

 

 

Figure 5. Illustrates the different segmentation approach for 

polyp detection 

 

Thresholding:  The thresholding process is applied in the 

enhanced image to segregate the objects from foreground to 

background. The process of thresholding is based on level of 

brightness values in the image, identify the pixels which are 

occurred in the foreground, remaining pixels are ignored from 

the background. The image is decomposed in to set of colours: 

black and white image. Mathematically, thresholding image is 

represented as: 

TyxFtyxFyxF 
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automatically based on estimated histograms. Based on the 

information’s applied to describe the threshold values, 

segmentation algorithms can be further categorized into edge 

based or region based or hybrid.   

Edge Based Segmentation: Edge is based on boundary 

identification of two regions which has different grey level 

features. The segmentation algorithm of edge detection is to 

differentiate the region of interest based on the boundaries. The 

edge detection algorithm includes wavelet transform, canny 

edge detection, Sobel edge detection and Laplace detection. For 

the polyp detection, all the four algorithms are combined 

together to form a hybrid segmentation. 

While applying wavelet transform on the polyp aberrant crypt 

fociis images, image is encoded with different scales and each 

of the functions are localised, wavelet transform applied in 

colon images will more powerful than indenturing the edges in 

the images. Colon image is processed through tow generalized 

wavelet functions known as Haar and Daubechies. Both 

wavelet functions will divide the image into four set of 

quadrants by computing the average of intensity values, each 

of the quadrant average intensity values are calculated and 

segmented the higher intensity values and remaining are 

ignored in colon images. Next edge detector applied is 

Laplacian edge detection, in which second derivatives are 

estimated and generate a zero crossing at the boundaries of 

colon images.  The colon image will apply the convolution 

kernel  based on 33 matrix with different values for the colon 

images with the presence of polyp tumours. Estimated kernel 

will convolve with each pixel in the images and output of polyp 

edges are detected.  Next edge detection is applied is Sobel edge 

detector, which uses two set of kernels with a direction of 

horizontal and vertical position. Sobel operator calculates the 

magnitude and direction of each pixel in the colon image and it 

is neighbourhood are estimated. Therefore, edge properties 

with higher magnitude will be compared with its 

neighbourhood pixels, therefore detector will scan each edge 

and detect the output image of the polyp tumour in white edges 

and remaining are in black colour background.  Next Canny 

edge detection is applied in the colon image, where zero-

crossing of Laplacian transform of Gaussian are calculated and 

then filtering will calculate the second order derivatives in the 

image.  

Region Growing Segmentation: Segmentation is based on 

extracting the regions to segregate the objects from background 

to foreground based on the pixel characteristics.  The procedure 

is to group the pixels with similar features based on gray level, 

colour and texture. First, seed pixels are identified and 

considered it as single pixel, based on the characteristics of seed 

pixels, rows and columns of the neighbourhood pixels are 

scanned for similar characteristics. The process of growing 

continues until the similar characteristics are found and there 

are no pixels for satisfy the conditions of the region. 

 

Hybrid Segmentation:  Based on the same reasoning applied in 

early segmentation are combined, each of the segmented 

outputs are input to the next stage of segmentation, where 

hybrid algorithm for segmentation of polyps are designed, 

when the hybrid process in applied, counter analysis is carried 

out in the colon image, in which seeds are automatically 

extracted based on centre of the region extraction in the object. 

Counter will have a grayscale pixels and have weight values in 

the centre, therefore while analysing the polyp aberrant crypt 

fociis in the image, algorithm will find out a single seed as 

selecting pixel. Threshold is decided by calculating the mean 

and variance of grayscale pixels after smoothening the gray 

scale image. Hybrid Segmentation is based on previous outputs 

and iteration is continued until the polyp aberrant crypt fociis 

are segmented from the colon image background. 

Feature Extraction: In Segmentation process, output image 

will extract the segmented regions which are in well-defined 

shape and it is segregated from the background. After the 

segmented portion of polyp aberrant crypt fociis are detected, 

then features are extracted in form of texture or colour or shape 

and later classify the presence or absence of polyps on the 

image.  Most of the images the regions are characterized by 

brightness values, if there is a change in brightness value, it is 

called as texture; if there is no variation and gray values are 

fixed, then there is no texture in the image, so occurrence of 

gray value leads to texture.  Analysis of texture is calculated 

through statistical feature extraction approach, co-occurrence 

matrix, spectral approach and structural method. Statistical 

feature extraction is based on texture applied through moments 

on the histogram of the grey level image, where it will calculate 

mean, mode, standard deviation, variance, skewness which 

measures the asymmetry and kurtosis which measures the 

image texture. Another feature extraction method used for 

extraction is co-occurrence matrix where the construction is 

based on horizontal and vertical direction and distance between 

the pixels are measured. The matrix elements are calculated 

based on mean (i.e. Number of times gray level pixels occurs 

in the image and distance is measured). Entropy, inertia and 

energy are calculated based on co-occurrence matrix. Another 

two methods are spectral and structural based feature extraction 

which are useful to extract the textual information’s.  Similar 

extraction approach is applied for polyp detection. 

Classification: Last stage of image processing approach is 

classification. After the process of segmentation and extracting 

the features leads to region classification. Artificial Neural 

Network (ANN’s) are proposed for classifying the polyps with 

different sizes. The process of ANN is to mimic the behaviour 

of biological neurons, and acquire knowledge through learning 

process and acquired knowledge is stored within the 

interconnected neurons with strength of weights provided. It is 

observed as weighted directed graph whereas the construction 

of neurons acts as nodes; edges with weights which are 

connected between neuron inputs and outputs. The constructed 

neural network which is in vector representation receives the 
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input from extracted features externally and each input will be 

multiplied with the assigned weights.  Now the weighted inputs 

will be added up inside the neuron layer. Weighted sum need 

to be from zero to infinity. Sum of the weights are passed 

through activation function, from these functions, outputs are 

derived to classify the regions. The results related to the polyp 

aberrant crypt fociis are discussed in the result section. 

The above methodology explains the general process of image 

analysis and segmentation in step wise manner, feature 

extraction and classification is explained theoretically, not 

implemented in the results., in next section, results of each 

stages will be related to endoscopic colon images to detect the 

polyp aberrant crypt fociis regions.  

 

Detailed Experimental Results and Discussion 

Experimental Setup:  Dataset for this research study consists of 

10 images with different types of polyp aberrant crypt fociis in 

the endoscopy images. The images are collected from free 

database (https://wiki.nci.nih.gov/display/CIP/NBIA+at 

+CBIIT+Image+Collections) based on colonoscopy methods 

with use of dyes and not using dyes. The collected datasets are 

not homogeneous, images haves different charactertics, some 

of them are having less contrast and glare, other images have 

air bubbles and colonoscopy details embedded in the images. 

Experiment results are implemented with Matlab. Current 

experimental results focus on the stages of pre-processing and 

segmentation, feature extraction and classification are not 

demonstrated which is not the scope of the paper. Figure 6 

illustrates the dataset with embedded colonoscopy 

information’s.  

 

 

Figure 6. Illustrates the dataset with embedded colonoscopy 

information’s. 

 

Pre-processing:  Once the digital image is acquired and 

reduction in size on the colon image, then the image will be 

converted into HSV from RGB format, the conversion is 

performed through histogram expansion without alter the 

colour distribution in the image. The expansion process of the 

colour colon image is processed through value channel, which 

holds the brightness values in the image.  The first operation is 

to calculate the histogram range values for operation of filtering 

in the image. There are two type of filters applied to smoothen 

the images; median and Gaussian filters. The median filter was 

applied in the colonoscopy images to remove the speckle noise 

and creates the smoothness in the images, it filters the salt and 

pepper noise too. Gaussian filter is applied in the images to 

further smoothen the images and improve the contrast in the 

image for segmentation. Figure 7 illustrates the results of pre-

processing in colonoscopy images which includes original 

image, Gaussian filter and median filter for smoothening and 

filtering the noise in the image. 

 

 

Figure 7. Illustrates the results of pre-processing in 

colonoscopy images 

 

Segmentation: Segmentation phase is the combination of the 

thresholding, edge detection and region based combined 

together to form a hybrid segmentation algorithm for 

segmenting the polyps.  In this stage, outputs from 

segmentation results will take as input and achieve the best 

results. For this process, in pre-processing, median filtering 

outputs were used. First the original image will be in colour 

format, so it is hard to segment the polyp aberrant crypt fociis 

in the image, observed that colour images are homogenous and 

hard to segment the polyp in the image using colour mapping 

algorithms because the colour in the foreground and 

background are similar, so it is hard to sort out.  But when it is 

converted in to grey scale, then there will be a loss of 

information’s, but still can easy to locate the polyps by 

https://wiki.nci.nih.gov/display/CIP/NBIA+at+CBIIT+Image+Collections
https://wiki.nci.nih.gov/display/CIP/NBIA+at+CBIIT+Image+Collections
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smoothening and reduce the speckle noise and estimating 

threshold for further segmentation. Figure 8 illustrates the 

thresholding in the different input colon images. 

 

 

Figure 8. Illustrates the thresholding in the different input 

colonoscopy images. 

Next stage is to detect edges and regions with a hybrid 

segmentation for locating the polyp aberrant crypt fociis in the 

image, smoothening the image, remove noise and region of 

interest is extracted by locating the seed pixels by calculating 

the seed pixels, if there is one location of aberrant crypt fociis 

polyps in the image, then region growing process is applied as 

segmentation. The proposed algorithm will locate the seed 

position in the aberrant crypt fociis, so that it can achieve better 

segmentation results when there is a growth in regions 

surrounded by neighbouring pixels from the seed pixels. Even 

seed are correctly detected in aberrant crypt fociis polyp, but 

there will not be correct segmented results on the whole colon 

image. Figure 9 illustrates the Matlab results of region growing 

segmentation results on polyp aberrant crypt fociis in the 

image.  

 

 

    

Figure 9. Illustrates the Matlab results of region growing segmentation results on polyp aberrant crypt fociis in the image. 

 

Below Figure 10 illustrates the location of seed pixels in the 

image and results on hybrid segmentation of aberrant crypt 

fociis polyp in the colon images 

 

Figure 10. Illustrates results on hybrid segmentation of 

aberrant crypt fociis polyp in the colon images 

SUMMARY AND CONCLUSION 

In this research paper, early diagnosis of colon cancer with the 

presence of aberrant crypt fociis polyp is explained through 

Computer Aided Systems(CAD).  In this result analysis study, 

aberrant crypt fociis polyp is specifically taken for 

segmentation, because it is the starting stage of colon cancer, 

so early detection of this polyp patters in colon images will help 

the radiologist make faster decision.  The proposed step-wise 

image processing techniques includes pre-processing, 

segmentation, feature extraction and classification. The focus 

of the results is only on Pre-processing and segmentation.  In 

pre-processing stage, to reduce the noise and contrast in the 

image, smoothening operations and filtering methods were 

explained. In segmentation stage, to detect the polyp, three type 

of techniques are combined together incrementally to achieve 

promising results on detection of aberrant crypt fociis polyp in 

colonoscopy images. The work is at initial stage of 

segmentation of different shapes of aberrant crypt fociis polyps, 

next stage will be on feature extraction and classification to 
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estimate the accuracy, sensitivity and specificity of the tumour. 

Finally, to conclude the first stage of gastro tumour 

segmentation, there were challenges in normalizing the images 

and acquiring datasets, but the proposed imaging operations 

have provided promising results. If there were sufficient 

datasets with clinical validation results, then the development 

of CAD system will be effective and efficient, which will be 

focused in future works.  
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