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Abstract 

Computer-aided investigative processing has become an important part of medical practice. New growth of high expertise 
and use of a choice of imaging modalities, more confront arise so that high rate information can be produced for disease 
finding and behavior. Ultrasonography of Thyroid gland is the most common, portable, widely accessible, cheap, painless 
and secure. It is used to distinct the thyroid nodule images that are classified into two categories: (i) benign thyroid ample, 
(ii) malignant lump of thyroid gland. In this paper, Mathematical Morphology is used to segment the thyroid region and 
measure the area, perimeter, width and height of the thyroid area. Thyroid nodule images are taken from twenty peoples 
as samples. 
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I.  INTRODUCTION 

 Bio-Medical images of a specific organ are get from medical examination for the opinion of a disease in scientific 
environment. Though, bio-medical imaging tests are also achieved to obtain images to study the anatomical and functional 
structures for research principle with normal as well as pathological subjects [1]. The implication of medical imaging model 
is its direct contact on the healthcare during identification, dealing evaluation and forecast of a specific disease [2]. 
Ultrasound is the ideal imaging modality for identifying thyroid cancer and wound. 

 An ultrasound is a painless procedure that uses sound waves to generate images of the inside of your body. A thyroid 
ultrasound is used to examine the abnormalities in thyroid nodule. The thyroid glands are found and the shapes are 
marked from ultrasound (US) images. This move towards the experience of the doctor and is awfully time unbearable. US 
thyroid images contain reverberation conflict and speckle noise, which can make analysis difficult.  

  A number of methods for eradicate noise and segmenting anatomical matter from US images have been survive 
such as lump, breast malignancy [3]. Preprocessing is the process of adjusting digital images in terms of eliminating noise 
so that the results are more suitable for further image analysis [4]. Gaussian filter is used in preprocessing stage to 
smoothen the edge regions in thyroid image. 

 More, image segmentation refers to the process of partitioning an image into groups of pixels which are homogenous 
with respect to some principle [7]. The main objective of image segmentation is to extract various features of the image 
which can be build objects of interest on which analysis and interpretation can be performed. Thus, Image segmentation is 
concerned with dividing an image into meaningful regions like objects, boundaries, lines, curves, etc. in images.  

 Mathematical morphology  is one of the method in the image segmentation and used in the field of image processing to 
remove details smaller than a certain reference shape in order to produce the desired segmentation [9]. The basic 
morphological operators are opening, closing, erosion and dilation. In this paper, erosion and dilation is preferred because 
the method paying attention on the detection of region based of thyroid image. Morphological operations are applied over 
the preprocessed thyroid tumor image in order to divide the malignant region.  

 The rest of this paper is arranged as follows. Section II initiates a explanation of the main components of the proposed 
methods. Then in section III, the result and discussion of the proposed image segmentation technique is described. We 
conclude the results in section IV. 

II. PROPOSED METHODOLY 

 Thyroid nodules are irregular lump growing within the thyroid gland which may signify different conditions including 
malignancy [5]. Various works are done for the analysis of thyroid diseases using different image processing algorithms. 
Several information is collected in order to get the unprocessed thyroid ultrasound nodule images. The information had 
been processed using some images processing techniques which are preprocessing and segmentation [6]. The image 
undergoes the preprocessing as image enhancement to hold back speckle. The improved image is used for additional 
processing of segmentation of thyroid region by mathematical morphology [12]. From segmented thyroid locale, the value 
of area, border, thickness and altitude of thyroid nodule are measured. The essential steps of the planned methodology 
are shown in Fig. 1. 
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Fig. 1. Proposed methodology using Mathematical Morphology  

A. Input Image 

 Total 20 Number of ultrasound thyroid nodule images were used where 12 benign and 8 malignant images was 
selected in database. The format of images was used in JPEG. Sample US thyroid nodule images are exposed in Fig. 2 
(a-c). 

     

                                                                      (a)                                (b)                                 (c) 

Fig. 2. Ultrasound Thyroid nodule Images  

B. Image Enhancement 

 Low visual quality of ultrasound thyroid nodule images, deeply change the segmentation and the measurement 
outcome. The aim of pre-processing is an enhancement of the image data that restrain undesired distortion which is 
occurring from image acquisition stage or enhances some image features relevant for further processing and analysis 
task. Such procedure is also called filtration [11]. Various types of filters like median filter, wavelet filter and anisotropic 
diffusion filter are used to remove or suppress the noise. In this planned methodology, Gaussian filter is used in 
preprocessing stage to smooth the edge regions in thyroid nodule image [8]. 

 Gaussian filter  is used to blur images and remove speckle noise and feature. In one dimension, the Gaussian 
function is 

             (1) 

where σ is the standard deviation of the distribution. The distribution is assumed to have a mean of 0. Fig. 3 shows its 
preprocessed thyroid nodule image. 
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Fig. 3. Preprocessed ultrasound thyroid nodule image 

C. Segmentation 

 Image segmentation represents the first step in image analysis and pattern recognition. Usually image segmentation 
is an initial and vital step in a series of processes aimed at image understanding. The purpose of image segmentation is to 
partition an image into multiple regions with respect to particular applications. The segmentation is based on the 
measurements taken from the image and might be grey level, color, texture, depth or motion. One of the main applications 
of image segmentation is identifying objects in a scene for object based measurement such as size and shape. 
Segmentation based on texture, enables various surfaces with varying patterns of grey to be segmented [10] [15]. 

 Aim of medical image segmentation is to study anatomical structure and identify the region of interest i.e. locate tumor, 
lesion and other abnormalities. After locating the tumor position, measure the tissue volume to identify the growth of tumor 
and to help in further planning to treatment. Mathematical Morphology as a segmentation method is proposed in this 
paper. 

 The field of mathematical morphology contributes a wide range of operators to image processing, all based around a 
few simple mathematical concepts from set theory. The operators are particularly useful for the analysis of binary, grey 
scale and color images and common usages include edge detection, noise removal, image enhancement and image 
segmentation. Morphological techniques typically probe an image with a small shape or template known as a structuring 
element. The structuring element is positioned at all possible locations in the image and it is compared with the 
corresponding neighborhood of pixels. Morphological operations differ in how they carry out this comparison [13] [14]. 

 Fundamental Morphological Operations are Erosion and dilation work by translating the structuring element to various 
points in the input image, and examining the intersection between the translated kernel coordinates and the input image 
coordinates. For instance, in the case of erosion, the output coordinate set consists of just those points to which the origin 
of the structuring element can be translated, while the element still remains entirely `within' the input image. Virtually all 
other mathematical morphology operators can be defined in terms of combinations of erosion and dilation along with set 
operators such as intersection and union. 

  The basic effect of the erosion operator on a binary image is to erode away the boundaries of regions of 
foreground pixels (i.e. white pixels, typically). Thus areas of foreground pixels shrink in size, and holes within those areas 
become larger. The basic effect of the dilation operator on a binary image is to gradually enlarge the boundaries of regions 
of foreground pixels (i.e. white pixels, typically). Thus areas of foreground pixels grow in size while holes within those 
regions become smaller.  

  Morphological operations are applied over the preprocessed thyroid image in order to segment the malignant 
region. The eroded image is subtracted from dilated image to detect and segment the malignant region. Fig. 4 & 5 shows 
the segmented thyroid malignant region as binary image and gray scale image. 

 

Fig. 4. Binary image of segmented thyroid malignant region. 
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Fig. 5. Gray scale image of segmented thyroid malignant region. 

III. RESULTS AND DISCUSSION 

 Morphological analysis of the thyroid malignant region is very important in screening and diagnosing the thyroid 
cancer. The morphological parameters used in this paper are perimeter (µm), area (µm

2
), width (µm) of the malignant in 

horizontal position and height (µm) of the malignant region in vertical position [11].  

 The abnormal regions in thyroid image are classified into either benign or malignant. The benign is the biopsy region 
in thyroid and it may cured by medication and it is not lead to any cancerous cells in thyroid. The cancerous cells region is 
called as malignant and it can be cured only by surgery in severe case.  

 The morphological measurements are carried over the segmented malignant region in thyroid images. The perimeter 
of the segmented malignant region is computed using the following Equation as, 

Perimeter = 2πr µm                                                                (2) 

where, r is the radius of the segmented cancer region of thyroid image. The area of the segmented cancer region is 
computed using the following Equation as, 

Area = πr
2
 µm

2                                                                                                              
(3) 

 Fig. 6 indicates the morphological analysis result from the segmented thyroid malignant region. 

 

Fig. 6. Morphological Analysis  

 The morphological analysis of both benign and malignant is shown in Table I. 

TABLE I    

MORPHOLOGICAL ANALYSIS 

Morphological analysis parameters Benign Malignant 

Perimeter(µm) 12.61±12.76 168.3± 12.76 

Area(µm
2
) 209.1±10.63 1701±152.67 

L(µm) 18.28±3.28 34.93±4.26 

W(µm) 27.19±2.87 62.3±3.69 

 The proposed morphological segmentation methodology is used to locate the malignant region and also used to 
analyze the severity of the affected thyroid region with reference to the ground truth method. The measurements for the 
area, perimeter, width (W) and height (L) of the thyroid region involve 20 samples.  
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IV. CONCLUSION 

 Ultrasonography can identify exterior growths and foreign bodies eg, in the thyroid gland, breasts, testes, limbs, and 
some lymph nodes. This work proposes a mathematical morphology to identify the thyroid malignancy on ultrasound 
image. It comprises preprocessing stage using Gaussian filter to reduce speckle noise that may affect the segmentation 
results and segmentation stage to locate  the thyroid malignancy region and analyze the severity of the affected thyroid 
portion. As a conclusion, the dimension of area, perimeter, width and height of the thyroid lobe is successfully analyzed 
using MATLAB. 
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