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Abstract—Polyps detection and segmentation methods are the 

reason behind colonoscopy operation. Many algorithms have 

been proposed to achieve this goal, all of these algorithms 

depends on the collected images. Pre- processing these images 

before detecting the polyps is necessary, the colonoscopy images 

suffers from some artifacts, the most com- mon of these artifacts 

are dark regions and specular highlight regions. We propose to 

enhance the colonoscopy images to get better polyp detection and 

segmentation. Image contrast enhancement technique 

(AINDANE) has been modified and used to enhance the 

colonoscopy images while SIFT and WCI detectors and ADT 

segmentation have been used to detect and segment the region of 

interest in order to remove the specular highlight regions. The 

results of proposed algorithm were very convinced. 

Keywords— Image Processing, AINDANE, SIFT, WCI, 

ADT. 

I. INTRODUCTION 

Colorectal cancer is the most common cause cancer in women and 

the third cause in men, in 2012 about 700,000 deaths because of 

colorectal cancer [1]. Detecting the colorectal cancer in early 

stages will increase the chance of survival. The colon can be 

analyzed using colonoscopy which used to removing the colorectal 

cancer. This operation can be improved using computer-aided 

methods that detect and segment these polyps [4]. Polyp detection 

and segmentation is the key of this process where the segmentation 

of colon polyps is crucial relevance for clinical applications, so the 

area can be navigated and carefully inspected [3]. The big 

limitation of colonoscopy is missing small/flat polyps or some of 

them hidden behind intestine folds, these drawbacks can be 

reduced by developing the pre- processing of the colonoscopy 
images [1, 2, 3, 4, 5]. 

Any captured image is affected by some factors which will lead to 

reduce the quality of the image, for this reason we should apply 

techniques such that contrast, highlight, accentuate or remove un- 

wanted effects used to enhance the quality. this is very important 

process in medical imaging, in case of colonoscopy, there are some 

unwanted effects which need to be removed. One of these artifacts 

is the reflections refers to bright patches with unsaturated colors 

which could occur in medical imaging. This type of reflection is a 

com- mon cause of degradation in quality of colonoscopy and 

endoscopy images. Some image processing techniques like gamma 

adjustment and logarithmic compression, and histogram 

equalization tries to improving local contrast enhancement to 

handle high dynamic range of intensities [1, 6, 2, 7, 3, 4, 5]. 

Histogram equalization (HE) is another technique to enhance 

image but work poorly with images that have very dark and bright 

regions, so adaptive HE tried to overcome this problem by working 

on windows size, also contrast limiting AHE (CLAHE) and 
multiscale AHE is modified version of AHE [7].  

Specular reflects refers to bright pixels (pixels have high intensity 

which is a common cause of degradation and confusing in polyp 

detection and segmentation. Physicians like to remove these 

specular lights because it can lead to unwanted outlined and it 

makes difficult to process the image and detect polyps and segment 

the detected polyps, and it is not easy task [2]. There are many 

methods tries to overcome this problem, Hue-saturation-value 

(HSV) color space is used to detect specular reflections. Another 

method combines the HSV color space data with wavelet transform 

module maxima. In [6], it uses Y-channel of YUV color space. 

Inpainting method used to repair the reflection after detection [6].  

Problem: It is important to early detect colon polyps to increase the 

chance of survival, Computer-aided will help to analyzing 

colonoscopy images in order to detect and segment polyps, but 

these images need preprocessing to reduce the number of false 

alarm and increase detecting true polyps. Sometimes image 

artefacts happen because of colon screening, highlights and 

occlusions make the segmentation task very hard. For some polyp 

types there is no apparent boundary between the polyp and 
surrounding tissue[1, 6, 2, 7, 3, 4, 5].  

Inspiration: There are so many image enhancement techniques 

which can be used to improve the performance of detect and 

segment polyps. Combines some methods will lead to better 

results.  

Proposed: In this paper, we propose to enhance colonoscopy 

images. The enhancement is based on increase the local contrast so 
the dark areas will be better and to remove the specular lights.  

The remainder of the paper is organized as follows. In Section II, 

we will review follows: AINDANE Algorithm, SIFT detector, 

Weighted Convergence Index (WCI) filter and adaptive distance- 

based threshold (ADT) algorithm. In section III, the proposed 

algorithm will focus on how to process the dark area and remove 

the specular highlight regions. In Sections IV provide empirical 

evidence to verify the claims by showing the enhanced images. We 
draw conclusions in Section VI.  
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                                                             Fig. 1 - segmentation using the ADT algorithm 

II. RELATED WORK 

In this section, we will review the related algorithms. First, the 

image contrast enhancement technique, second specular lighting 

A. AINDANE Algorithm  

AINDANE consists of two parts, namely, adaptive luminance 

enhancement and adaptive contrast enhancement, which are 

followed by color restoration [7].  

𝐼(𝑥, 𝑦) =
76.245𝐼𝑅(𝑥,𝑦)+149.685𝐼𝐺(𝑥,𝑦)+29.07𝐼𝐵(𝑥,𝑦)

255
         (1) 

Where 𝐼𝑅(𝑥, 𝑦), 𝐼𝐺(𝑥, 𝑦), and 𝐼𝐵(𝑥, 𝑦) represent the R, G, and B 

values (8-bit), respectively, for the pixel at location (x; y) which 

is usually used with NTSC standard for obtaining the luminance 

intensity information of color images on additive color device. 

Image intensity I(x; y) is then normalized as [7]  

𝐼𝑛(𝑥, 𝑦) =
𝐼(𝑥,𝑦)

255
                   (2) 

Then a nonlinear transfer function will be applied to enhance 
the dark pixels as following:  

𝐼𝑛(𝑥, 𝑦) =
𝐼𝑛

0.75𝑧+0.25(1−𝐼𝑛)0.4(1−𝑧)+𝐼𝑛
2−𝑧

2
            (3) 

the nonlinear transfer function is image dependent with a 
parameter z, which is related to the image histogram and is 
defined as [7]:  

𝑧 = {

0                         𝑓𝑜𝑟 𝐿 ≤ 50
𝐿−50

100
          𝑓𝑜𝑟 50 < 𝐿 ≤ 150

1                         𝑓𝑜𝑟 𝐿 > 150

            (4) 

 

 

𝐼𝑐𝑜𝑛𝑣(𝑥, 𝑦) = ∑ ∑ 𝐼(𝑚, 𝑛)𝐺(𝑚 + 𝑥, 𝑛 + 𝑦)𝑁−1
𝑛=0

𝑀−1
𝑚=0       (5) 

Where 𝐺(𝑥, 𝑦) is Gaussian surround space constant. The 2-D 
discrete convolution is carried out on the original intensity 
image I(x; y) of size M × N as: The center-surround contrast 
enhancement is carried outs as follows[7]:  

𝑆(𝑥, 𝑦) = 255𝐼𝑛(𝑥, 𝑦)𝐸(𝑥,𝑦)             (6) 

Where 𝐸(𝑥, 𝑦) is defined as following: 

𝐸(𝑥, 𝑦) = 𝑟(𝑥, 𝑦)𝑃 =
𝐼𝑐𝑜𝑛𝑣(𝑥,𝑦)

𝐼(𝑥,𝑦)
    (7) 

P is defined as following:  

𝑃 = {

3                              𝑓𝑜𝑟  𝐿 ≤ 3
27−2𝜎

7
                     𝑓𝑜𝑟 7 < 𝜎 < 10

1                              𝑓𝑜𝑟      𝜎 > 10

          (8) 

 

The enhancement can be increased by mixture Gaussian filter, 

the contrast enhancement with multiscale convolutions can be 
de- scribed by the following equations:  

𝑆(𝑥, 𝑦) = ∑ 𝜔𝑖𝑆𝑖(𝑥, 𝑦)𝑖             (9) 

Where 𝜔𝑖   is weight which varies such that the mixture filter 

gives big weight to the first Gaussian filter (which has small 

variance) and less weight to the next filters which have big 
variances [7].  

The enhanced color image can be obtained through a linear color 

restoration process based on the chromatic information 

contained in the input image. Mathematically, the color 

restoration process for images in RGB color space can be 
expressed as [7]:  

𝑆𝑗(𝑥, 𝑦) = 𝑆(𝑥, 𝑦)
𝐼𝑗(𝑥,𝑦)

𝐼(𝑥,𝑦)
𝜆𝑖               (10) 

Where  𝑗 =  𝑟;  𝑔;  𝑏 represents the R, G, B spectral band, 

respectively, and 𝑆𝑟  , 𝑆𝑔  , and 𝑆𝑏  are the RGB values of the 

enhanced color image. A λ parameter is introduced here to 

manually adjust the color hue of the enhanced color images, and 
it is close to one [7].  
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B.  SIFT interest point detection  

Let 𝐼: ℤ2 → ℝ  be the latent sharp image, where 𝐼(𝑥)  is pixel 

intensity at location 𝒙 = (𝑥, 𝑦)  ∈ ℤ2 . Define 𝐺(𝒙, 𝜎) as a two-

dimensional Gaussian function with scale 𝜎 [8,9]: 

𝐺(𝒙, 𝜎) =
1

2𝜋𝜎2
 exp (

−(𝑥2+𝑦2)

2𝜎2
)           (11) 

and the corresponding Laplacian of Gaussian (LOG)[8, 9]:  

∇2𝐺(𝒙, 𝜎) ≔ {
𝜕2

𝜕𝑥2 +
𝜕2

𝜕𝑦2} 𝐺(𝒙, 𝜎)  = 𝐺𝑥𝑥(𝒙, 𝜎) + 𝐺𝑦𝑦(𝒙, 𝜎)             

(12) 

where 𝐺𝑥𝑥(𝒙, 𝜎) =
𝜕2

𝜕𝑥2  𝐺(𝒙, 𝜎), etc. The LOG response of an 

image I is therefore  

𝐼(𝑥) ∗ ∇2𝐺(𝒙, 𝜎) = 𝐼𝑥𝑥(𝒙, 𝜎) + 𝐼𝑦𝑦(𝒙, 𝜎)            (13) 

where ⋆ denotes the spatial convolution operator, and 

𝐼𝑥𝑥(𝒙, 𝜎)  =  𝐼(𝑥) ⋆ 𝐺𝑥𝑥(𝒙, 𝜎)  is the response to the Gaussian 

derivative operator (𝐼𝑦𝑦  and 𝐼𝑥𝑥  defined similarly)[8, 9]. Then 

LOG has matched filter-like qualities for disk-shaped ideal blob, 

attaining a local maximum response at the center of the blob 
x0 when Gaussian scale σ and blob radius r have the relation 

𝜎 =
𝑟

√2
  [10]: 

max𝑥,𝜎 𝐼(𝑥) ∗ ∇2𝐺(𝑥, 𝜎) = {𝐼(. ) ∗ ∇2𝐺 (.  ,
𝑟

√2
)} (𝑥0)                    

(14) 

Using the principle of heat equation, LOG in (12) can be 

approximated efficiently by the Difference of Gaussians 
(DOG)[8, 9]:  

∇2𝐺(𝑥, 𝜎) ≈
𝐺(𝑥,√2𝜎)−𝐺(𝑥,𝜎)

𝜎2√2−𝜎2
         (15) 

Substituting (15) to (13) results in a simplification:  

𝐼(𝑥) ∗ ∇2𝐺(𝑥, 𝜎) ≈
𝐼(𝑥)∗𝐺(𝑥,√2𝜎)−𝐼(𝑥)∗𝐺(𝑥,𝜎)

𝜎2√2−𝜎2                  (16) 

Hence, the local extrema of DOG is declared as SIFT interest 
points identifying “blobs.”  

C.  Weighted Convergence Index (WCI) Filter  

This weighted convergence- index (WCI) filter is given by 
[11]  

𝐶̅(𝑚, 𝑛) =  ∑ 𝑊(𝑘, 𝑙) cos (𝛩𝑚,𝑛(𝑘, 𝑙))(𝑥,𝑙)∈𝑊               (17) 

Where 𝑊(𝑘, 𝑙) is the weight for the gradient angle for 
position (𝑚 +  𝑘, 𝑛 +  𝑙) in the window about (𝑚, 𝑛). Since it 
may not be possible to identify one set of weights that can 
successfully detect the full range of nodule sizes and/or 
shapes [11].  

D.  Adaptive distance-based threshold(ADT)algorithm 

An adaptive distance-based threshold (ADT) algorithm is 
used to segment each specular light spot [11]. Fig. 1 shows 
the block diagram of the ADT algorithm. 

�̃� (𝑚, 𝑛, 𝑇0) ≈ {
1    𝑦(𝑚, 𝑛) ≥ 𝑇(𝑚, 𝑛, 𝑇0)

0              𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
             (18) 

Where 𝑦(𝑚, 𝑛)  is the gray scale image, the adaptive 
threshold is a function of the distance of the key point. 

𝑇(𝑚, 𝑛, 𝑇0) ≈ {
𝑇0 + 𝑇∆ (1 − exp (−

𝑑(𝑚,𝑛)

𝑟2
))              𝑑(𝑚, 𝑛) > 𝑟𝑚𝑎𝑥

2  

∞                                                          𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
             

(19) 

Where (𝑚0, 𝑛0) is the key point. 𝑟𝑚𝑎𝑥  in pixels represents the 

maximum radius of specular spot for segmentation purposes. 

The range of thresholds from the key point to those at 𝑟𝑚𝑎𝑥 is 

specified by 𝑇𝐷 . The adaptive threshold parameter is the offset 

𝑇0 [11]. 

𝑑(𝑚, 𝑛) = (𝑚 − 𝑚0)2 + (𝑛 − 𝑛0)2                   (20) 

Where 𝑆(𝑚, 𝑛, 𝑇0 )  is the binary image. Then a hole filling 

morphological operation followed by a morphological opening 

with a small circular structuring element with a radius of 1 

pixel[11]. Finally, only ON pixels connected to the key point, 

using the 4-connected neighbor criterion, are retained which 
yields the mask denoted 𝑆(𝑚, 𝑛, 𝑇0).  

𝐴𝑅𝐺(𝑇0) =
1

|𝑆(𝑇0)|
 ∑ |𝑔(𝑚0 + 𝑘, 𝑛0 + 𝑙)|(𝑘,𝑙)∈𝑆(𝑇0)                   (21) 

The maximum of ARG value occurs when the segmentation 

follows the contours of the lesion at specific T0 value [11]. It is 

interesting to note that we have found that by using the radial 

gradient averaged over the full mask, compared with averaging 

only over the perimeter, the algorithm tends to produce more 
robust segmentation.  

III. PROPOSED ALGORITHM 

In this section, we will introduce the proposed algorithms which 

try to assist medical diagnoses and improve the quality by 

enhancing medical image pre-processing that leads to reducing 
the number of missed colon polyps.  

A. Modifide AINDANE algorithm  

Since the colonoscopy images have dark and bright areas, we 

use contrast enhancement algorithm to process the dark area 

which may contain some polyps. the AINDANE Algorithm has 

been modified to give better results with colonoscopy images. 

The modifications of the AINDANE Algorithm which we apply 
are:  
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Fig. 2 The figure shows an example of enhanced images as 
follows: the first column represents the original images 
collected from colonoscopy while the second column 
represents the enhanced image using modified AINDANE 
where the dark regions become clearer. 

 Because of some granular noise in the images, we 
used median filter to process this noise, this step is 
after (1)  

 Instead of (5) we used local contrast enhancement 
method as in [11] which can be described in these 
equations:  

𝑦(𝑚, 𝑛) =
𝑥(𝑚,𝑛)−𝜇(𝑚,𝑛)

𝜎(𝑚,𝑛)
               (22) 

Where 𝜇(𝑚, 𝑛)  and 𝜎(𝑚, 𝑛)  are the local mean and local 

standard deviation respectively.  

𝜇(𝑚, 𝑛) = 𝑥(𝑚, 𝑛) ∗ 𝐺(𝑚, 𝑛)               (23) 

𝜎(𝑚, 𝑛) = √𝑥(𝑚, 𝑛)2 ∗ 𝐺(𝑚, 𝑛) − 𝜇(𝑚, 𝑛)2                   (24) 

B. Removal of specular highlights reigons 

The proposed technique to remove the specular highlights can be 

divided into three steps:  

1) Detection the Key Points of Specular highlights: 

There are many methods to detect specular highlights. The 
detection of specular highlights is carried out by Conversion 
to gray scale, it is necessary to convert the border less image 
from the original color model (RGB) to grey-scale. This 
operation is necessary for subsequent detection of specular 
highlights. The description of specular lighting intensities 
likes the description of blob key point where SIFT and 
Weighted Convergence Index (WCI) used to detect these 
points as described in sections 2.2, 2.3, these blobs can be 
either bright or dark regions. For this reason, we modify SIFT 
detector to detect just the bright key points. We combine the 
two algorithms ( SIFT and WCI) to give better performance. 

2) Segmentation of the Detected Specular 

Highlighting Regions: 

The second step is to segment the detected specular lights 
region as illustrated in Fig. 2, we used ADT method which is 
explained in section 2.5, the key point of the specular spot is 
detected by the combined SIFT and WCI detectors. ADT uses 
the key point to contour the region around it, so the output 
of ADT is a mask which represents regions of specular 
highlights, the parameters of ADT should be changed to be 
suitable for the given data.  

3) Reconstruction of The Segmented Specular High-

lighting Regions: 

Reconstruction of the image is the final step of processing 
the specular highlights regions, once the dilation of the 
specular highlighting mask has been carried out using ADT 
algorithm, we can begin to reconstruct the regions of the 
image indicated by the mask through the following steps:  

 The damaged region is reconstructed using the area 
around the specular highlight’s region.  

 Convolve the image with Gaussian filter to smooth 
there construct regions  

After this process, the colonoscopy image is almost free of 
specular highlights . 

IV. EXPERIMENTS RESULTS 

We evaluate the proposed enhancement method using CVC-
ColonDB database[3]. Fig.2 shows the result of the proposed 
modified AINDANE method. From the figure, it is clear that 
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the proposed algorithm enhanced the colonoscopy images 
where the contrast has been improved. The dark regions 
become brighter so now the details of the picture can be 
seen.  

Fig. 3 shows the segmentation of specular highlights regions 
using ADT. For the used data, we choose the following values 
for ADT algorithm, rmax = 40 and TDelta = 2.3 and the adaptive 
threshold range should cover the value that maximizes the 
average radial gradient. For the used data, we find out that 
T0 should be in the range min(x) ≤ T0 ≤ max(x). The threshold 
that maximizes this curve is selected to produce the final 
segmentation mask. The segmentation should be accurate 
because removing the specular lighting region correctly will 

depend on this segmentation and will increase detecting the 
polyps. The figure shows also who the gray scale image looks 
better where the most specular highlights are removed.  

V. CONCLUSION 

We proposed a new and accurate specular reflection removal 
methodology based on detecting, segmented and reconstru-
cting the specular highlight regions. Also, contrast enhance-
ment algorithm has been proposed to enhance the dark 
regions. The proposed technique will improve detecting and 
segmenting the colon polyps. We expect that the proposed 
technique will have huge impact in colonoscopy images 
applications.  

 
 

(a)original image  
(b) segment the detected specular regions 

 
 

(c)the gray scale reconstructed image 

Fig. 3: The figure represents an example of removed specular highlights regions 

The future work will combine this proposed method as 
preprocessing step to colonoscopy polyp segmentation 
methods in order to enhance these methods. 
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