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Abstract: Diabetic Retinopathy (DR) can be detected by manual supervision by doctor but accurate detection may require
expert as well as manual supervising process is quite slow.Both the above issues can be solved by using computerized based
image processing algorithms, which are faster as well as accurate in detection. Semi-automated hessian-based candidate
selection (SHCS) algorithm is one such popular algorithm for DR detection. SHCS algorithm is studied as well as some
feature extraction methods have also been summarized to detect optical disk, exudates and MA which can increase the
overall accuracy.1
Keywords: Diabetic Retinopathy (DR), Microaneurysms (MAs) and hemorrhages (HMAs),Semi automated Hessian-based
candidate selection (SHCS)algorithm, Median Filter (MF), Red, Green & Blue (RGB), Hue, Saturation &Intensity (HIS).
I. INTRODUCTION
According to the world health organization (WHO) 300 million people will have diabetes mellitus worldwide by year 2025.
In diabetic patients, vision loss occurs due to retinal disorders, this disease is called as Diabetic Retinopathy (DR).The
complication occurs when a person has sustained 10 or more years of diabetes. The disease thrives in two stages - 1) Nonproliferative DR 2) Proliferative DR.Since DR does not exhibit any distinctive symptoms regular check-ups are required and
due to the lack of specialized ophthalmologists, the medical cost increases. To fill this gap, development of low cost and
versatile Computer Aided Diagnosis (CAD) systems can be used in clinical environments and have drawn much more attention
in recent years. Hemorrhages (HMAs) and Microaneurysms (MAs) are the foremost clinical signs that indicate the presence of
diabetic retinopathy. MAs are minute blood-filled bulges in the artery walls while HMAs damage the retentive tissue of the
back wall of the eye and appear as red spots slightly larger than microaneurysms [1].DR is complication of diabetes and may
results in irreversible blindness to the patient. Early detection of DR requires accurate detection of MA and Computerized
diagnosis insures reliable and accurate detection of MA's [2].
The blood is supplied in the entire of region of retina by tiny blood vessels in eyesoriginate from the center of the Optical
diskas shown in fig 2 and these blood vessels get damaged due to high blood pressure or with increase in age.In eyes, exudates
are formed in retinal image due to the damage in retinal blood vessels. Exudates are randomly spread over the retina and appear
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as yellow-white patches of varying sizes and shapes as shown in fig 2 and the broken vessels leaks the lipids and proteins
around the retina. The abnormal lesions are categorized into exudates, cotton wool spots, microaneurysms and hemorrhages.
The presence of exudates in and around the macula region leads to the formation of macula edema in the diabetic
patients.Exudates are classified into two types as hard and soft exudates. The hard exudates are intra-retinal fatty lesions which
are the important sign of the DR and macula edema [3].The degree of disease can be determined from the severity of the
development of MA and exudates. If the exudates move to the macular region of the eye it may lead to total vision loss [6].

Fig.1: Retinal image showing Mas and HMAs

Fig.2: (a) Structure of retina; (b) Illustration of exudates.

If DR is detected early, then its progression can be decreased by proper medication. Regular DR screening is paramount to
ensure timely diagnosis and treatment [4].So in order to detect MA, HMA and exudates in retinal image, image processing is
used. As per latest research in image processing for detection of DR, Semi automated hessian-based candidate selection
(SHCS)algorithm is popular among other algorithms. SHCS algorithm can detects different symptoms as well as extract the
features individually.

Fig.3: Work Flow Diagram of SHCS DR Detector
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II. SHCS ALGORITHM

As shown in fig 3 above, Semi automated DR detection scheme starts by applying image Pre-processing techniques. For
that first input colored image is converted to inverted green-channeled image as the contrast of the symptoms appear to be high
in green channel. Upon extracting the green channel of the image, a low-pass filter based on Fast Fourier Transform (FFT) is
applied to lower in degree the noise in the image [1]. After that possible candidate regions are obtained by using eigenvalue
analysis based on a Hessian matrix.MA candidate regions are obtained by using eigenvalue analysis based on a Hessian
matrix.The candidates are therefore classified into red lesions by applying thresholding technique. The semi automated
algorithm presented as shown in fig 4.

Fig.4: Semi automated Hessian Based MAs and HMAs candidate selection (SHCS)
Two empirically chosen threshold values Threshold1 = -2 and Threshold2 = -1 have been used

A. Image Preprocessing
The input image is pre-processed for noise removal and image enhancement. Most of the shade correction
techniques estimates the background of retinal images and then subtract it from original image. Thus highlighting
the vessels and MA's in the image. Then unwanted features such as blood vessels are then removed from shade
corrected image to reduce false candidate detection. The vascular structure and MA's both appear darker in retinal
images. Vessel removal will help to locate the MA's more clearly. Then candidate lesions are segmented from vessel
removed image[2,7].
In image enhancement method, background normalization and contrast enhancement is done by using adaptive
histogram equalization [5]. At first, the fundus retinal image is taken and RGB (Red, Green & Blue) format is
converted into HIS (Hue, Saturation &Intensity) format by using conversion equations and then Green and Intensity
plane is taken for further image processing. A MF (Median Filter) is applied to reduce noise then adaptive histogram
equalization is used to enhance the contrast in the optic disk and exudates lesion regions [6].
B. Eigenvalue Analysis Using Hessian Matrix
The Hessian matrix is a square matrix of second order partial differentiation derived functions. We attempted to detect MA
candidate regions by eigenvalue analysis using a Hessian matrix. When the intensity curve surface of the image can be
approximated by the function, the Hessian matrix is given as
Hes(x,y) =
Vxx(x,y)=Gxx(x,y) * Img(x,y)
Vxx(x,y)=Gxx(x,y) * Img(x,y)
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Vxx(x,y)=Gxx(x,y) * Img(x,y)
Vxx(x,y)=Gxx(x,y) * Img(x,y)

(1)

where * is the convolution operator,I(x,y) is the preprocessed image, and Gxx(x,y) ,Gxy(x,y), Gyx(x,y),Gyy(x,y) are
second order partial derivative functions of the Gaussian function in each direction [1]. The Gaussian function is

(2)
Where σ is a parameter to determine the scale of the Gaussian function. The green channel of the fundus image given as
input to the Hessian operator extracts circular-dark regions that exhibit strong derivatives in two orthogonal directions. From the
obtained Hessian matrix its eigenvalues are calculated. With the known eigen values, the model it belongs to and the resulting
theoretical behavior of the eigenvalues, the voxel can be analyzed to check if it belongs to the structure being searched. The
final regions are selected by applying thresholding on eigen values λ1 &λ2. Table 1 summarizes the relation between λi and the
orientation of a structure in the image [1].
However, each eigenvalue in the MA regions was different, and thus many false positives in the particular images were
detected when we used a fixedthreshold. To equalize the performance of each image, we limited the number of the candidates
detected to 120 per image [8].

Table 1: Eigenvalues ofthe Hessian matrix and image structure orientation(L low, H+ high positive, H-high negative)

III. OTHERS FEATURES DETECTIONS TECHNIQUES

A. Exudates Detection
Dilation of the morphological operation is used for the detection of the exudate edges. Edge detectors like canny and sobel
adds a lot of noises in the image and may misses out key edges so they are avoided. Dilation causes bright regions to be
highlighted whereas dark regions are avoided. Now dilation is performed on the green channel of the retinal image on two
different sizes which are different from the sizes uses during blood vessel extraction. Subtraction is done between two sizes to
get the edge detection of the exudates. Thresholding is done for better contract [7].

B. Optic Disk Detection
In this method, segmentation of the image is done by thresholding as it divides the image into its constituent’s objects or
region. In a gray scale image, thresholding is done to convert it into a binary image. It divides the image into foreground and
background. Detection of optic disk is required because it has same intensity, contrast, brightness and color with other features
i.e exudates in the retinal image. To detect the optical disk,the region is thresholded and the optical disk is being detected with a
proper boundary [6].
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IV. CONCLUSION

DR can be detected fast and with accuracy by using image processing algorithms. SHCS algorithms based on analysis of
eigen values of hessian matrix is popular in detection of MA, HMA and Exudates. Some other algorithms are also studied and
summarize in this paper for detection of exudates and optical disk like wavelet transform based MA detection, Sobel and canny
edge detection method to find exudates and Segmentation by thresholding for detection of optical disk. Some algorithms are
also studied which helps in contrast improvement in low quality image during image preprocessing and helps in increasing
accuracy of afterwards detection algorithms.
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