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Abstract: In today’s world, Digital image processing has left an engraved impression in almost every technical field such as in 
engineering, medical (deontology, dermatology, ophthalmology) etc. Retinal fundus images are important for ophthalmologist to 
find out the various diseases. Images are difficult to detect as they are corrupted with contrast variability and high luminosity. 
Contrast enhancement is one of the image processing technique used to improve the digital quality of the image. Therefore, this 
paper evaluates the performance of contrast enhancement methods on the blood vessels retinal images. Further, these images are 
examined by different methods such as HE, AHE, CLAHE, Rayleigh CLAHE, non uniform sampling and VE-MSC to validate the 
results. It has been observed that VE-MSC improves the image contrast and gives more details of vascular structure, provide 
appropriate results in green plane than the other two planes (Red and Blue) to enhance the color retinal image quality. 
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I.  INTRODUCTION 
 
Digital image processing is the use of algorithms in computer 
to perform image processing on various digital images. An 
image may be defined as a two dimensional function, f (x, y) 
where x and y are spatial (Plane) coordinates, and the increase 
of f at any pair of co-ordinates (x, y) is called the intensity or 
grey level of the image at that point [1]. 
The retina is light sensitive tissue located at the back of the 
eye. Retinal images are important for ophthalmologist to 
identify, detect and diagnose many diseases such as diabetes, 
hypertension, cardiovascular diseases and stroke. Nowadays, 
retinal images are widely used manually and automatically by 
using image processing technique known as computer aided 
diagnosis (CAD) e.g. Flood imaging, optical scanning laser 
opthalmoscopy, optical coherence tomography etc. [2][3][5] 
Glaucoma, cataracts and diabetes are the symptoms that can 
distort the patient’s vision and are the main causes  of  
blindness. 
Some important components in retinal image are - Optic disc, 
Fovea, Macula and Blood vessels. The human body contains 
different types of blood vessels which comprise a network of 
arteries and veins [5]. A small change in blood vessel structure 
of retinal images often leads to diseases [7]. The problem of 
diabetes causes changes in the blood vessels of the retina 
which is known as Diabetic Retinopathy. 
Retinal Photography is obtained by using a fundus camera that 
takes image of the interior surface of the eye [7]. The use of 
fundus camera consumes less time and is less expensive [14]. 
Retinal image has unique characteristic that it provides us 
more precise results in green plane than the other two planes 
(Red and Blue) [10]. 

 
 
Fig. 1. Retinal Fundus Image with various component 
 

II. CONTRAST ENHANCEMENT 
 
Contrast enhancement technique has an important role in the 
field of retinal image enhancement as it improves the contrast 
of an image. The contrast is an important factor to differentiate 
a good quality image from a low quality image [17]. It is a 
combination of the range of intensity value and differentiation 
of the maximum and minimum pixel values [2]. Therefore, 
this paper presents contrast enhancement methods to correct 
the illumination and the quality of retinal fundus images [13]. 

   
a) Normal eye                                  b) Poor equality 

Fig. 2. Color Retinal Images 
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III. CONTRAST ENHANCEMENT TECHNIQUES 
 
Generally, the contrast enhancement methods can be 
categorized into different classes such as Histogram Based, 
Transformation Based, Masking Based and Filter Based 
[5,10]. But  this review paper represents Histogram Based 
methods such as Histogram Equalization (HE), Adaptive 
Histogram Equalization (AHE), Contrast Limited Adaptive 
Histogram Equalization (CLAHE), Rayleigh Contrast Limited 
Adaptive Histogram Equalization (Rayleigh CLAHE), Non 
Uniform Sampling, Vessel Enhancement Via a Multi-
dictionary and Sparse Coding (VE-MSC). 

 
Fig. 3. Contrast Enhancement Techniques 

 
A. Histogram Equalization 
Histogram Equalization (HE) is one of the contrast 
enhancement method which has low computation load. This 
technique improves the appearance of image by distributing 
the intensity values of the pixels uniformly (i.e. a flat 
histogram) However to get a perfect image, it is essential to 
have equal no. of pixels in all the gray levels. Hence, it 
becomes necessary not only to have uniform distribution but 
also to have equal no. of pixels in all the gray levels [15]. It is 
one the most simple and easy method for retinal image 
contrast enhancement. Therefore, HE is not a good technique 
for retinal images due to its high intensity noise and the 
absence of some brightness levels even after applying the 
enhancement method. It produces good results in ordinary 
images such as human portraits or natural images [3, 9]. HE 
provides the little improvement on the component, blood 
vessel of the retinal image. 
 
B. Adaptive Histogram Equalization  
Adaptive Histogram Equalization (AHE) is based on 
Histogram Equalization (HE). This method develops each 
histogram of sub-image in order to redistribute the brightness 
value of the images [3]. Although, Histogram Equalization 
(HE) works on the full image but it provides less 
improvement. In contrast to HE, Adaptive Histogram 
Equalization (AHE) improves the local contrast of a retinal 
image in blood vessel. Hence, AHE brings out more details 
than HE [15].  
C. Contrast Limited Adaptive Histogram Equalization 
Contrast Limited Adaptive Histogram Equalization (CLAHE) 
is a contrast enhancement method which develops from AHE 

method [16]. It is a method for retinal vessel enhancement 
AHE showed amplifying noise in some of the homogenous 
regions, thus to eliminate this problem CLAHE was proposed. 
In CLAHE the input image is splitted into three image 
channels [Red (R), Green (G) and Blue (B)]. CLAHE is 
carried out only in the G channel as this channel supports 
important blood vessel structural information. Thus, an 
enhanced G channel is obtained. Finally R, enhanced G, B 
channels are merged together to produce an enhanced color 
retinal image[2]. Due to blurred boundaries of retinal vessels 
with low contrast and strong noise resulted from retinal image 
collection, it is not easy to extract vessels automatically from 
retinal images. From the visual observation, in Red channel 
there is more noise in the image than input image. In Blue 
channel, image qualify tends to be poor than the original one. 
In Green channel, structural image information gives more 
contrast than the original one as shown in Figure 4. 

 
                  Fig. 4. Enhancement Flowchart 
 
D. RAYLEIGH CONTRAST LIMITED ADAPTIVE HISTOGRAM 
EQUALIZATION 
The intensity component is enhanced by Rayleigh 
transformation in Contrast Limited Adaptive Histogram 
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Equalization (Rayleigh CLAHE) [3]. In CLAHE the image has 
good contrast but it does not preserve the chromatic 
information. In Rayleigh CLAHE, it keeps a good contrast of 
blood vessels as well as preserves chromatic information in 
retinal image. Thus, it improves the overall appearance. 
 
E. Non Uniform Sampling 
This method is based on the retina geometry and imaging 
conditions of blood vessel of an image. Most of the retinal 
images suffer from non-uniform illumination. Non-uniform 
sampling method finds the correction factor using the 
estimation of the degradation components. The normalized 
correction factor when applied on all three (R, G and B) planes 
improved the contrast for non-uniform illumination 
successfully. Thus, it improves the overall contrast and 
provides a nominal shift in the color content. So, no new 
artifacts were introduced [4]. 
 
F. Vessel Enhancement via multi-dictionary and sparse  

coding 
In this method, two corresponding dictionaries are generated 
one is the Representation Dictionary (RD) and the other one is 
the Enhanced Dictionary (ED). The patches in RD and ED are 
selected through the information images to optimize the multi-
dictionary. The gray level image is represented by RD and 
label image is represented by ED to get the sparse coefficients 
via a sparse coding process. The patches are extracted only by 
the use of green channel. This method not only improves the 
image contrast but also enhances the retinal vascular structure. 
Hence, it provides more details of retinal images [5]. 

Therefore, Best results were obtained in this method. 

 
                                   Fig. 5. Flowchart 
 

TABLE.1 A summarized comparative chart of the histogram-based contrast enhancement methods has been explained: 
Methods Keywords Advantages Disadvantages 

 
HE [3,9,15] 

 
Retinal Imaging, Color 
enhancement  

 
Simple & low computation load 

 
High noise and absence of 
some brightness level 

 
AHE [3,15] 

 
Noise, Image enhancement, 
Brightness values 

 
Improves local contrast, Brings 
out more details  

 
Amplifying noise 

 
CLAHE [2,16] 

 
Retinal image, Color, Contrast 
enhancement 

 
In G channel, it produces more 
contrast than other two (i.e. R & 
B) channels. 

 
Chromatic information  is not 
preserved. 

 
Rayleigh CLAHE [3] 

 
Diabetic Retinopathy, retinal 
image,   illumination 

 
Preserves chromatic information 
& improves overall appearance 

 
Suffer from non-uniform 
illumination 

 
Non-uniform sampling 
[4] 

 
Fundus camera, Retina, Image 
Enhancement, color, artifacts 

 
Normalized correction factor in 
all three planes (R, G, B) & 
correction of non-uniform 
illumination, minimal shift in 
color content & no new artifacts 
introduced 

 
Lesser details of vascular 
structure of retinal images. 

 
VE-MSC [5] 

 
Blood vessel enhancement, 
multi-dictionary, sparse coding 

 
Effectively    improves the image 
contrast and gives more details of 
vascular structure of retinal image 
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 IV.CONCLUSION 
 
In this paper, an attempt is made to evaluate the performance 
of vessel enhancement. From best of our knowledge a vessel 
enhancement method (VE-MSC) via multi-dictionary (RD and 
ED) and sparse coding is developed by a patch selection. The 
sparse coding has been used for blood vessel enhancement 
specially the green channel enhancement. It improves the 
image contrast and gives more details of vascular structure of 
retinal image.  

 
a) Poor Quality                            b) Enhanced Image 

Fig. 6. Retinal Images [5] 
 

V. REFERENCES 
 
[1] R.Maini,J.S.Sohal, "Performance Evaluation of Prewitt Edge 

Detector for    Noisy Images," GVIP, vol. 6, no. 3, pp. 39-46, 
December 2006. 

[2] A.W.Setiawan,T.R.Mengko,O.S.Santosa,A.B.Suksmono, "Color 
Retinal Image Enhancement using CLAHE," in International 
Conference in ICT for smart society, Indonesia, 2013, pp. 1-3. 

[3] T.Jintasuttisak,S.Intajag, "Color Retinal Image Enhancement by 
Rayleigh Contrast-Limited Adaptive Histogram Equalization," 
in 14th International Conference on Control,Automation and 
Systems, Korea, 2014, pp. 22-25. 

[4] G.D.Joshi , J.Sivaswamy, "Colour Retinal Image Enhancement 
based on Domain Knowledge," in Centre for Visual Information 
Technology, Hyderabad,India, 2008, pp. 591-598.. 

[5] B.Chen,Y.Chen,Z.Shao,T.Tong,L.Luo, "Blood Vessel 
enhancement via multi-dictionary and sparse coding:Application 
to retinal vessel enhancing," Elsevier, pp. 110-117, 2016. 

[6] G.Russell,J.P.Oakley,N.McLoughlin,v.Nourrit, "Enhancement of 
color retinal images in poor imaging conditions," in IEEE 
International Conference on Imaging Systems and Techniques 
(IST), UK, 2012. 

[7] Chein-Cheng Lee,Cheng-Yuan Shih,Shih-Kai Lee,Wei- Tyng 
Hong, "Enhancement of blood vessels in retinal imaging using 
the nonsubsampled contourlet transform," in Multidim Syst Sign 
Process, Taiwan, 2012, pp. 423-436. 

[8]Yong-chun Miao,Yan Cheng, "Automatic Extraction of Retinal 
BloodVessel Based on Matched Filtering and Local Entropy 
Thresholding," in 8th International Conference on BioMedical 
Engineering and Informatics, Nanchang,China, 2015, pp. 62-67  

[9] Miao Liao,Yu-qian Zhao,Xiao-hong Wang,Pei-shan Dai, "Retinal 
vessel enhancement based on multi-scale top -hat transformation 
and histogram fitting stretching," Elsevier, pp. 56-62, 2014  

[10] E.Daniel,J.Anitha, "Optimum green plane masking for the 
contrast enhancement of retinal images using enhanced genetic 
algorithm," elsevier, pp. 1726-1730, 2015. 

[11] A.Sopaharak,B.Uyyanonvara,S.Barman,T.H.Williamson, 
"Automatic detection of diabetic retinopathy exudates from non-
dilated retinal images using mathematical morphology 
methods," elsevier, vol. 32, pp. 720-727, August 2008 

[12] R.Kromer,R.Shafin,S.Boelefahr,M.Klemm, "An Automated 
Approach for Localizing Retinal Blood vessels in confocal 
Scanning Laser Ophthalmoscopy Fundas Images," in 
Taniwanese Society of Biomedical Engineering, Canada, 2016, 
pp. 485-494. 

[13]Y.Zheng,B.Vanderbeek,R.Xiao,E.Dainel,D.Stambolian,M.Magui
re,J.O.Brien,J.Gee, "retrospective illuminatioyn correction of 
retinal fundus images from gradient distribution sparsity," in 
IEEE, Philadeephia, 2012, pp. 972-975.  

[14]J.Odstrcilik,R.Kolar,Ralf-Peter 
Tornow,J.Jan,A.Budai,M.Mayer,M.Vodakova,R.Lammer,M.La
mos,Z.Kuna,J.Gazarek,T.Kubena,P.Cernosek,M.Ronzhina, 
"Thickness related textural properties of retinal nerve fiber layer 
in color fundus images," elsevier, vol. 38, pp. 508-516, May 
2014.  

[15]F.Shaik,Dr.M.N.GiriPrasad,Dr.JayabhaskarRao,B.AbdulRahim,A
.Soma Sekhar, "Medical Image Analysis of Electron 
Micrographs in Diabetic [ateints Using Contrast Enhancement," 
in 2010 International Conference on Mechanical and Electrical 
Technology, Andhra Pradesh,India, 2010, pp. 482-485. 

[16] .Suprijanto,Gianto,E.Juliastuti,Azhari,L.Epsilawati, "Image 
Contrast Enhancement for Film-Based Dental Panoramic 
Radiography," in 2012 International Conference on System 
Engineering and Technology, Bandung.Indonesia, 2012. 

[17] S.S.Pathak,P.Dahiwale,G.Padole, "A Combined Effect of Local 
and Global  Method for Contrast Image Enhancement," in 2015 
IEEE International Conference on Engineering and Technology, 
Coimbatore,India, 2015. 

 
 
 
 
 

 
 

 
 

 
 
 


	INTRODUCTION
	CONTRAST ENHANCEMENT
	Normal eye                                  b) Poor equality
	Fig. 2. Color Retinal Images

	III. CONTRAST ENHANCEMENT TECHNIQUES
	D. Rayleigh Contrast Limited Adaptive Histogram Equalization
	Non Uniform Sampling
	Vessel Enhancement via multi-dictionary and sparse  coding

	IV.CONCLUSION
	Poor Quality                            b) Enhanced Image


