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Abstract  The detectability of fibrils in mammographic phantom images by morphological 
enhancement was analysed in the present study. Materials that mimic fibrils were imaged by a 
digital mammography machine at 28 and 29 kVP. The images were processed by a dilation 
technique to produce second set of images. Receiver operating characteristic analysis was 
performed to compare the detection performance from the two sets of images. As compared to 
original images, the 28 kVP’s fibrils images from dilation technique become more prominence to 
be detected by observers. While at 29 kVP only a few observers can found the fibrils images from 
dilation technique. This study suggests morphological enhancement of mammography image did 
not increase the detection of low frequency signals of the images. 
Keywords: Digital Mammography, Receiver Operating Characteristic Analysis, Dilation Technique, 
Fibrils Performance. 

 
Introduction 
 
Nowadays, women concerns about breast cancer issues. Breast cancer is like a nightmare for women if 
they talk about it because it is famous in the female population around the world. Therefore, many women 
now will be take an action in routinely screening their breast to detect and make a treatment of breast 
cancer to reduce mortality. Mortality due to breast cancer has increased overall ages in the past decade 
[1]. Therefore, mortality reduction had been achieved by mammography screening technique and thus, 
improving the treatment of breast cancer. The most effective tool that almost used to detect the breast 
cancer in an early stage is using mammography [2]. 
 
The importance of mammographic screening technique has studied by the previous study. Health 
Insurance Plan (HIP) of Greater New York reported in December of 1963, women with average aged 
between 40 to 64 years reduced 25% of mortality in breast cancer who’s received screening 
mammography [3]. According to Soojin et al. [4], women aged 40 years and older domized amount over 
162,981 could reduce mortality from breast cancer if they determine the extant mass screening with 
single-view mammography. The Swedish National Board of Health and Welfareran proved this amount. 
Other randomized trials have confirmed there decrease in breast cancer mortality related to 
mammography with the same range. Second reported by Lim and Halimah [5] in the Malaysian National 
Cancer Registry in 2004 that 46.2 in 100,000 population was diagnosed with breast cancer in 2003 
compared to 130 in 100,000 population in the United States [6]. The only percentage of 65% women 
over age 40 years reported was a rapid increase in screening mammography within the prior 2 years 
start over the year 2015. However, this technique was often small and non-symptomatic on detection of 
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breast cancer. Furthermore, it was limited to image processing and 3D imaging application [7]. Therefore, 
to improved radiological breast imaging techniques, the mammography screening was replaced by digital 
mammography to have bring about in more accurate detection and characterisation of breast wounds at 
screening mammography [8, 9] Digital mammography produces consequently in higher sensitivity and 
specificity of breast cancer diagnosis [9]. In addition, digital mammography was used easily in image 
processing and 3D imaging application [7]. It also exposes the breast to much less radiation compared 
to chest X-ray or X-rays of extremity. Thus, the digital mammography technique was used in the present 
study. 
 
In recent years, there are many researchers proposed algorithm with a set of contrast enhancement 
function of mammograms. Dhawan et al. [10] proposed the set of contrast to enhance the mammographic 
features by optimal adaptive neighbourhood image processing. The method can be improved by the 
enhancing desired but it has barely unseen a little enhancement of noise and background variations. 
Tomklav Stojic et al. in two different research [11, 12] proposed a new algorithm for local contrast 
enhancement in digital mammography by using mathematical morphology. The mathematical 
morphology applied the gray-scale image processing and not efficient in enhancing the micro 
calcifications in digital mammograms. Another one is enhancement of microcalcifications in digitized 
mammograms that proposed the multifractal approach. Multifractal was related to the normal state of 
human tissue to characterize high levels of self-similarity. Aderonke et al. proposed the enhancement of 
mammograms that can be achieve by increasing the contrast of mammograms at low dose X-ray or by 
sharpening image edges and boundaries. Its aim is to eliminate the background noise and improve the 
quality to determine the region of interests (ROIs) in MATLAB [13, 14]. Moradmand [8] proposed different 
enhancement methods and determine the appropriate one for mammogram enhancement and 
microcalcification detection. All the mentions literature related to morphological enhancement. Image 
enhancement is the basic step in image processing. The purpose of image enhancement helps to 
produce the better and quality image. In this paper, one of the image enhancement use is morphological 
enhancement.  
 
Receiver Operating Characteristic (ROC) analysis is a one method to evaluates the sensitivity and 
specificity by calculating the areas under the curves [15]. As the function to determine the sensitivity and 
specificity, the accuracy of an imaging system can be find using this ROC. Sensitivity or also call true 
positive fraction (TPF) defined that the probability of disease can identifying in real presenting. While 
specificity or true negative fraction (TNF) is show the absence of disease when absent [16]. This both 
related function is call ROC curve. Recently, the application of ROC was extensively welcomed as a tool 
in expressing uncertainly when making visual judgments about radiological images [17]. Therefore, it is 
necessary to analyse the detectability of breast cancer image in early stages. To improve the detectability 
of breast cancer in early stages, a sample of fibrils was used in the present study because the image 
characteristic of fibrils is mimic to image characteristics of breast cancer tumour. Therefore, the objective 
of the present study was to analyse the image of fibrils by morphological enhancement specific in dilation 
technique using digital mammographic and analysed using ROC methodology  
 

Materials and methods 
 
The mammographic images scored based on subjective interpretation by four observers. The observers 
are choose among the expert professional such as medical practice and radiologist. They are have the 
expertise in image processing in x-ray exposure. The images were scored on a scale range from 1 
(definitely not present), 2 (probably not present), 3 (no decision possible), 4 (probably present) and 5 
(definitely present) [7]. In this study, the discussion is about the morphological enhancement using 
dilation technique in MATLAB 7.0 software and then the graph is plotting using Receiver Operating 
Characteristic (ROC) analysis using ROCFIT and CORROC2 [18–20]. ROCFIT is a fits maximum 
likelihood procedure for ROC models assuming a binormal distribution of the latent variable. While 
purposes of CORROC2 is to evaluate the maximum possibility approximate the parameters for 
correlated ROC rating scale data based on an effective partner of the basic bivariate-normal for division 
result variable. Second applicable of CORROC2 is to calculate the numerical importance of the 
dissimilarity between the two estimated ROC curves using a univariate z-score test of the difference 
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between the areas under the two ROC curves as well as null hypothesis say that the data sets emerge 
from ROC curves with same area under it. Differences among two ROC curve areas were considered 
significant in two-tailed hypothesis tests at P-level< 0.05 [21]. 
 
Image Acquisition 
In this study, two sets of samples were used as an object. Each set was exposed at different X-rays 
energy, one was exposed at 28 kVP and the other one was exposed at 29 kVP. Every set consist of ten 
different templates were created using paper sheets that mimic three types of lesions namely nodules, 
fibrils and micronodules. Each template consists of nine partitions fields of approximately equal size in 
which the lesions were fixed at different arrangement inside the partition. The images of the samples for 
both sets were acquired using a Hologic Lorad Selenia digital mammographic machine at the Hospital 
Sultanah Aminah, Johor Bahru. A “Rachel” Anthropomorphic Breast Phantom Model 169 perspex slab 
was used as the phantom. Figure 1 shows the setup of the image acquisition. Figure 2 shows the 
materials used to mimic the nodules, fibrils and micro nodules were simulated with candle wax, folded 
aluminium foil, optic fibre, nylon and mustard, respectively. These papers are focusing on fibrils materials 
which are nylon and optic fibre image only. Figure 3 shows the one of the templates of original image, 
which is directly, expose to X-rays energy using mammogram machine. Meanwhile, Figure 4 was the 
same image of Figure 3 but it has through the morphological enhancement processed to improve the 
quality image and its name as the dilated image. The resulting images were then processed by 
morphological enhancement using dilation technique that was described in subsection morphological 
enhancement technique. Next subsection will cover the Receiver Operating Characteristic (ROC) 
analysis that use to get the result of set of original and dilated image. 
 
 

 
 

Figure 1. Setup of image acquisition 
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Figure 2. Materials used to mimic the nodules, fibrils and micronodules 
 
 

 

 
 

Figure 3. Original image. 
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Figure 4. Dilated image 
 
 
Morphological Enhancement Technique 
In the morphological enhancement technique, there are many methods to enhance the image. One of 
the method is using dilation technique. Dilation is the procedure of enlarging or thickening an object in a 
binary image. The shape mentioned to as a structuring element handles the typical way and the extent 
of this thickening. Mathematically, dilation defined in term of set operations, which is dilation of A by B, 
denoted A⊕B, and is defined as  
 

𝐴⊕𝐵	 = 	 {𝑧|)𝐵*+𝑧 ∩ 	𝐴	 ≠ 	Ø}                       (1) 
 
where Ø is the unfilled set and B is known as the structuring element. According to Gonzalez et al. [22], 
the dilation of A and B is the set consisting of all the structuring element originations where the reflected 
and translated B overlaps at least some portion of A. In this paper, the dilation of commutative that is 
A ⊕ B = B ⊕ A. It is a convention in image processing to let the first operand of A⊕B be the image and 
the second operand be the structuring element, which usually is much smaller than the image. After that, 
the mammographic phantom images were enhanced using image processing toolbox (IPT) function strel. 
Strel constructs structuring elements with a variety of shapes and size. Its basic syntax is 
 

se = strel (shape, parameters)              (2) 
 
The strel is useful in flat structuring element which support arbitrary shapes which is a string that 
determines the desired shape and parameters is a list of parameters that specify the information about 
the shape, such as its size [22, 23]. The used of strel (‘disk’, 5) to returns a disk-shape structuring element 
that extends ± 5 pixels along the horizontal and vertical axes. In the enhancement, the images were 
dilated using a disk shaped structuring element to reduce noise and improve image contrast. Lastly, the 
morphological closing was applied to the image after dilation [23]. 
 
The dilation technique was applied to increase the original image. For instance, the dilation was 
performed the IPT function ‘imdilate’ as shown in Equation (3): 
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    A2 = imdilate (A, B)     (3) 
 
where A are original image and A2 are enhance images using dilation technique, and B is a matrix of 0s 
and 1s that specifies the image structuring element. The Equation (3) was structured in matrix form, like: 
 
    0  1 0 
    1 1 1 
    0 1 0 
 
Using MATLAB software, the commands read the image from the file, form the image structuring element 
matrix to perform the dilation image, and display the result as image enhancement. The process of 
naming the command was repeated many times with a different image until the set of images was finish.  
After finishing the entire image processing, the score of the image was made by a few observers as 
mention before and the result of making the score was analysed using the ROC curve. 
 
Receiver Operating Characateristic (ROC) Analysis 
ROC analysis usually performed to explore the characteristics and accuracy of detecting the 2 sets of 
different images depending on subjective interpretation [24, 25]. CORROC2 and ROCFIT tools are used 
to process the cluster data from the ROC score calculation data sets and operating points [20, 26, 27].  
 
In the input of the CORROC2, the cases of positive and negative is need to note as the confidence rating 
scale from the ROC data sets. From that, the CORROC2 will considered the difference of two proximate 
ROC curves from the two conditions namely the original image and enhanced image using morphological 
techniques. The system in the computer software will process the true positive traction (TPF) value for 
original images that label as condition X and false positive fraction (FPF) value is label as condition Y for 
enhancement images. After running the software, the area under the fitted ROC curves appears from 
the two states with standard deviation estimates and standard correlation [20, 28]. Meanwhile, the 
ROCFIT is only suitable for one diagnostic test to determine the broad area index of ROC (Az) and 
standard deviation in binormal ROC curve [27]. 
 
 

Results and discussion 
 
Figure 5 shows the ROC curves for observer 1 in detecting the fibrils in the original and dilated images 
at (a) 28 kVP and (b) 29 kVP using digital mammographic machine. The detection performance is in the 
following order (highest to lowest): optical fibre in both energies for original and dilated image have the 
same value of 1.0000 for areas under the curve (AUC) of the ROC (Az). The value of AUC for original 
nylon fibre and dilated nylon fibre image at the energy of 28 kVP is 0.9879 and 0.9556, respectively, while 
at the energy of 29 kVP is 0.9869 and 0.9647, respectively. The AUC is a combination of measures on 
sensitivity (TPF) and specificity (FPF). AUC also measure the overall performance of diagnostic test and 
it is interpreted as the average value of sensitivity for all possible values of specificity [25, 29]. For dilated 
nylon fibre, there is a decrease in the value of AUC, which about 0.0323 and 0.0222 reduction from its 
original image AUC value for 28 kVP and 29 kVP, respectively. This indicate that the mammography 
image become worsen after its going through an image processing using dilated method. On the 
contrary, the value of AUC for optical fibre image remain unchanged before and after image processing. 
The closer the value of AUC to one, the better the overall diagnostic performance of the test. The lower 
limit for AUC of the diagnostic test is 0.5 and it is perfectly accurate if the AUC value is equal to one. 
From the observed AUC value, it found that the optical fibres have a high contrast and frequency 
compare to nylon fibres. According to [30], the value of Az still can be categorized as excellent test, even 
though an average test was obtained is 90 % abnormal result. The same procedure done to optical fibre 
images and the result for both images is maintaining the same values of 1.0000, which is 100 % perfect 
test. 
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Figure 5. ROC curves of fibrils in original and dilated images at (a) 28 kVp and (b) 29 kVp of the digital mammography machine for 
observer 1. 

 
 
Figure 6 illustrate the detection of fibrils at (a) 28 kVP and (b) 29 kVP mammography images by observer 
2. For energy of 28 kVP, both original and dilated images for optical fibre have the same, the highest 
detection performance followed by dilated, and the original image of nylon fibre with corresponds to AUC 
value of 1.0000, 0.9886 and 0.9422, respectively. Both detection performance of optical fibre are close 
to upper left corner which is at coordinate (x = 0, y = 1). It shows that, this images have greater in 
sensitivity (no false negatives) and specificity (no false positives). While, for the nylon fibre, the dilated 
image shows increasing in AUC value compare to its original image with percentage of 4.92%. That 
means the curve shows the results of a less sensitive and specific test. A curves in this Figure 6 (a) are 
still in the correctly predictive result because the values plotted above and to the left of the line of equality 
or the random chance line [29]. From Figure 6 (b), the AUC of ROC values for energy of 29 kVP are 
1.0000, 0.9889, 0.9706 and 0.8822 with respect to dilated optical fibre image, original optical fibre image, 
original nylon fibre image and dilated nylon fibre image (using the following order highest to lowest). 
Even though the value of AUC for dilate nylon fibre image have a value of 0.8822, it is noted as a good 
test because the prediction model would be considered strong when ³ 0.8 [29]. 
 
An ROC curve of TPF (sensitivity) as a function of FPF (1- specificity) that score by observer 3 is shown 
in Figure 7. This figure shows the areas under the ROC curve for nylon fibre and optical fibre images 
that exposed to energy of at (a) 28 kVP and (b) 29 kVP. For both energy of 28 kVP and 29 kVP, the dilated 
optical fibre image have a better value of areas under the ROC curve than original optical fibre image 
with increasing about 0.0111 from 0.9889 to 1.0000. Based on this result, both detection performance of 
optical fibres images are in the correctly predictive result. Inversely to optical fibre image, the original 
nylon fibre image has a high value of Az compare to dilated nylon fibre image with different value of 
0.0136 which is from 0.9632 to 0.9496. Its shows that the result of the score is depend on the individually. 
At the same procedure, the observer 3 marked the second image score called dilated image after marked 
the original image score. The resulting score from observer 3 for both images illustrated in Figure 7 (b). 
Figure 7 (b) have a slightly the same pattern with observer 2 (Figure 6 (b)) which is the following order 
of AUC value from highest to lowest is dilated optical fibre image, original optical fibre image, original 
nylon fibre image and dilated nylon fibre image and their AUC of the ROC are 1.0000, 0.9889, 0.9632 
and 0.9356, respectively. All fours of the images considered strong with value of AUC ³ 0.8, which 
categorized as excellent and perfect test.  
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Figure 8 shows the areas under the ROC curve (AUC) of fibrils for observer 4 for mammography images 
at (a) 28 kVP and (b) 29 kVP. The plots of Az in Figure 8 (a) shows the value of AUC for dilated nylon 
fibre image is increase by 0.0037 from original nylon fibre image (Az = 0.9889) to 0.9926 correspond to 
its performance detection. Figure 8 (b) shows the dilated nylon fibre image also have a better Az compare 
to original nylon fibre image which is 0.9701 and 0.9667, respectively. The interpretation of this Az values 
is an excellent test. While for both energy, all the optical fibre images maintained at 1.0000 for the AUC 
value. It is indicate that this is the perfect test for observer 4. Overall from all the graphs (Figure 5-8), the 
resulting detection performance curve from observer 1 and 4 are in a good shape compared to observer 
2 and 3. This is due to the effect of utilizing different types of observer as respondents. Factor such as 
gender, age and occupation whether their work involved in evaluating an image or not can affected the 
results. 

 

 
 

Figure 6. ROC curves of fibrils in original and dilated images at (a) 28 kVp and (b) 29 kVp of the digital mammography machine for 
observer 2. 
 

 
 
Figure 7. ROC curves of fibrils in original and dilated images at (a) 28 kVP and (b) 29 kVP of the digital mammography machine for 
observer 3. 
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Figure 8. ROC curves of fibrils in original and dilated images at (a) 28 kVp and (b) 29 kVp of the digital mammography machine for 
observer 4. 
 

Table 1 shows the AUC value of ROC (Az) for the four observers in detecting the original and dilated 
images of fibrils at 28 kVP and 29 kVP of the digital mammographic machine. The Az for original and 
dilated optical fibre images for all observers are the same AUC value which is 1.0000 except observer 2 
(energy at 29 kVP) and observer 3 (both energies) have a value of 0.9889 in optical fibre original image. 
It shows that, the value of AUC increased for two observers when using image from dilation technique. 
Sightly different to nylon fibre at energy of 28 kVP, there are two observers show the increasing value in 
original image to dilated image which is from 0.9422 to 0.9886 for observer 2 and from 0.9889 to 0.9926 
for observer 4. For the other two observers, their AUC value decreasing from original image to dilated 
image with value of 0.9879 to 0.9556 and 0.9632 to 0.9496 for observer 1 and 3, respectively. While for 
energy of 29 kVP, both result from observer 2 & 3 shows increasing in AUC value from optical fibre 
original image to dilated image (0.9889 to 1.0000). The other two observers (observer 1 and 4) have a 
same value of Az which is 1.0000. For nylon fibre, three observers downgrade the image performance 
from original to dilated image in the following order: (0.9869 to 0.9647, 0.9706 to 0.8822 and 0.9632 to 
0.9356) for observer 1, 2 and 3, respectively. Only observer 4 indicates that dilated technique have 
improve the detection performance of images. This is based on observed value of AUC for observer 4 
which have shown significant increment from original nylon fibre image to dilated nylon fibre image. It 
can be say that the nylon fibre is a difficult material to detect the contrast and frequency at energy of 
28 kVP and 29 kVP. As compared to optical fibre images, the existence of nylon fibre is difficult to detect. 
Moreover, the utilizing of dilated technique still cannot improved the detection performance of the nylon 
fibre image.   

 
Table 1.  Observer performance by areas under the ROC curve in detection of fibrils in original and dilated images at energy at 28 kVp 
and 29 kVp of the digital mammographic machine. 

Observers Nylon Fibre Original 
Image 

Nylon Fibre Dilated 
Image 

Optical Fibre 
Original Image 

Optical Fibre Dilated Image 

 28 kVp 29 kVp 28 kVp 29 kVp 28 kVp 29 kVp 28 kVp 29 kVp 
1 0.9879 0.9869 0.9556 0.9647 1.0000 1.0000 1.0000 1.0000 
2 0.9422 0.9706 0.9886 0.8822 1.0000 0.9889 1.0000 1.0000 
3 0.9632 0.9632 0.9496 0.9356 0.9889 0.9889 1.0000 1.0000 
4 0.9889 0.9667 0.9926 0.9701 1.0000 1.0000 1.0000 1.0000 
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Conclusions 
 

The morphological enhancement by dilation technique of digital mammographic images was studied by 
ROC analysis. Original images and morphological enhanced images using dilation technique were 
prepared. The result shows that the dilation techniques did not increase the detection of fibrils for at both 
28 and 29 kVp. The study indicates that the morphological enhancement by dilation technique is not a 
good image processing procedure to increase the detection of low frequency signals in mammographic 
images. For further study, is recommended to expose the new energy range and processes the images 
using the combination technique of dilation and erosion to enhance the image. 
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