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ABSTRACT 

A single tumor can spread to other locations in the body in an incredibly short time frame of time, often much faster 

than a number of separate cases can emerge from the single tissue growths.While most doctors believe that MRI is 

the most widely used imaging technique for detecting breast cancer, there are other alternatives, such as ultrasound 

and mammography.those patients with previous tests of an evaluations as well as their treatment details were 

followed up to see whether the previous scans and treatment gave adequate predictions and results were later 

checked online (QIN, pre-breast images).Extracting feature values from images using the MATLAB function are 

carried out in a MATLAB macro.Based on the data gathered from the experiment, it, it will be a fairly simple 

procedure to pinpoint the most important and less important locationsOnce it is done then it is easy to useMRI 

segmentation with the Image tool in MATLAB.When developing the methodology, you would need to have in mind 

the following parameters: Mean Area, Entropy, Mean Absolute Error, Mean Square Error, Peak Signal to Noise 

Ratio, Standard deviation and Similarity Indexwere taken into account.It has been shown that the use of function 

parameters yielded the most efficient results with a minimum of effort and precision. 
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INTRODUCTION 

 

A new epidemiological review concludes that breast cancer is the most prevalent form of cancer 

detectedNAT has been advocated in the treatment of locally aggressive stages to assess the 

down-staging in order to improve the chance of post-resection surgery(Park et al., 2021).Usage 

of the pathologic full response (pCR) after a standard course of treatment has been associated 

with long-to-duration benefits such as sickness and survival(Sun et al., 2020).Breast cancer is 

one of the most common cancers in women.a screening MRI for breast cancer usually has a 

sensitivity of 75-85%However, in the case of denser tissue, it would not have any effect 

whatsoever (sensitivity 40 percent).Ultrasound used for the early detection of breast cancer is 

common practice,changes that cannot be observed by magnetic resonance imaging are seen with 

this technique.There is a high level of diagnostic accuracy when using this tool, as it has a 94-

99% sensitivity(Huzarski et al., 2017).When finished, the specificity of MRI of the breast is 

roughly is around 37 to 86%Because of the high prices, the MRI is only done in some 

situations.Also, an improved variant of the MRI known as DCE-MRI (Dynamic Contrast 
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Enhancement-Intravenous Contrast MRI) can be used to improve breast screening for 

women(Bardo et al., 2018).Most of the tumor lesions show the contrast, in this treatment.To 

know whether a patient is having an aggressive or unresectable disease, semi-quantically or 

quantitative pharmacokinetic analysis of DCE-MRI data shows to be more effective than 

measuring tumor modifications and most commonly utilized(Siegel et al., 2018).Since it utilizes 

non-ionizing radiations and intense magnetic fields, as opposed to standard radiations and 

imaging methods that don't use these two properties. 

The use of nuclear magnetic resonance spectroscopy in studying the heart, vaginal, abdominal, 

and brain soft tissues makes for a clearer picture of the brain, with sharp contrast that enables us 

to better distinction of tissueMR is segmented using Modified Particle Swarm Optimization, and 

Area Increasing Algorithm for distinct tumor detection(Ragab, Sharkas, Marshall, & Ren, 

2019).This is a consistent method of image processing where pixels are calculated by their 

various characteristics.Texture features are generated by the number of pixels, which categories 

the texture of the image. Texture analysis methods are used in image processing disciplines such 

as grouping, segmentation, and extraction of distinct features such as natural tissue, 

inflammatory areas, and tumors. The research was used to distinguish breast tumors from other 

breast tissues. However, since different tumors have different patterns, accurate diagnosis 

remains a challenge. Furthermore, distinguishing between normal and cancerous tissues is 

difficult at an early stage. As a result, any initiative that aids the clinician in making a correct 

diagnosis is appreciated and will aid in the saving of peoples. The aim was to verify the method's 

accuracy by putting it to the test for breast cancer detection using feature extraction with minor 

feature parameter changes. 

 

 
Figure.1: Sample images of QIN Breast DCE MR in ‘jpg’ 

METHODS 

 

The public dataset "QIN DCE-MRI breast Phased-Array" was derived from The Cancer Archive 

(TCIA) and is comprised of ten women who were examined using a Siemens 3T IMAT Triple 

Helix phased-array device, which includes a breast coil and an additional breast coil(Punitha, 

Amuthan, & Joseph, 2018).DCE-MRI images with echo planar resolution and theta-traced, 

stochastic axial trajectories (a three-dimensional acquisition with ultrasound) were 

acquired.Anything in the public record is available for download   

https://wiki.cancerimagingarchive.net/display/Public/QIN+Breast+DCE-MRI.   

"QIN-Breast" from The Cancer Imaging Archive is made up of two individuals who had a DCE-

MRI conducted using a Siemens 16-SPIM machine and a dedicated breast coil.The obtained 

recommendation from the oncologist for this kind of NAT based on characteristics of the patients 
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such as menopausal status and tumor scale, as well as nodal status, in advance, as stated.These 

two breast DCE-MRI studies include a variety of photographs that aid in determining NACC 

response assessment.Before and after surgery, images were used in a two-stage process.In order 

to enhance the delineation of the tumor margins, an experienced radiologist (experienced 25 

years) was consulted who conducts segmentation on the post-contrast images (dimensions of 

interest). 

 

Fuzzy logic used to be conceived of as something to be studied by mathematicians and 

philosophers, but is still used in architecture and technical pursuits today(Vaishnavi & Suresh, 

2021).Fuzzy logic has been used in many areas, such as facial recognition, power conditioners, 

vacuum cleaners, braking systems, weather forecasts, medical plans, and multi-objective health 

drug pricing, for instance(Mardani et al., 2019).Control device architecture, image processing, 

consumer electronics, and optimization, and robots have made good use of fuzzy logic(Greeda, 

Mageswari, & Nithya, 2018).It has revived dormant disciplines and raised them to the level of 

new projects.Multi-valued logic is a logic in which there are more than two values of the 

property “true”If the proposition has one true extension, it's true; if it has two false extensions, 

it's false.Fuzzy logic is amorphous is straightforward to grasp, as long as the evidence is 

approximate(Hilletofth, Sequeira, & Adlemo, 2019).For accomplishing this, fuzzy logic's job of 

converting input space to output space, a list of rules is evaluated in parallel.These rules are 

beneficial because they make use of descriptive vocabulary and qualitative concepts as well as 

well as objective ones.Fuzzy controller (FL) comprises a fuzz unit, Defuzzification, and post-

processing subsystems(Utama & Taryana, 2019). 

 

 FUZZY LOGIC IN DIGITAL IMAGE PROCESSING  
 

Fuzzy image processing is based on image analysis, image representation, segmentation, and 

image processing, as fuzzy sets.Selecting and using the right Fuzzy technique decide what is 

shown and what has to be achieved results in the best image representation and processing.Fig. 2 

shows the three primary techniques for Fuzzy image processing: (Fuzzy the image), modifying 

the membership values, and if possible, De-fuzzy the image(Challoumis, 2018). 

 
Figure.2: Fuzzy Logic System (FLS) 

The fuzzification and defuzzification measures are important because there is no hardware that's 

even close to being fuzzy.fuzzy approaches to filter photographsFuzzy photos analysis yield the 
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key advantages in the middle step (modification of membership values).Using fuzzy methods, 

the affiliation values are after the image data has been converted to the grey level plane (de-

fuzzing).Fuzzy clustering may be rule-based, rule-based, or fuzzy logic-based(Kaiser, 2020).In 

this study, a novel FIS system, that doesn't require the calculation of a threshold values, is 

proposed for edge detection in digital images is used.It starts with a 3x3 binary matrix 

partitioning of the images.When applied directly, a fuzzy inference method discovered the set of 

values for the edges of the matrix floating about in the space(Gunawan, Wang, Utama, & 

Komsiyah, 2018). 

 

FEATURE EXTRACTION 
 

This work pays special attention to both geometrical and texture characteristics.This segment 

explains the main features.Geometric characteristics are the most accessible, but most significant 

in the study of breast cancer.Most generally, MR images are used to classify these elements. 

 

a) Mean Area:The sum of all of a number range reflects the average of the quantities (Pixels).A 

ROI includes pixel values and the intensity of the image's colour.The algorithm can be 

mathematically modelled as a 2D matrix of pixels.Mean value decides the light of the area of 

ROI(Sathish, Kamath, Prasad, Kadavigere, & Martis, 2017). 

 

b) Entropy: The degree of chaos or randomness of a system attains is proportional to the 

entropy of the system includes.Visual texture is almost like entropy.The total entropy of the 

image must be zero if the texture is smooth.With the level of randomness, the sharpness of the 

picture decreases(Saman & Narayanan, 2019). 

 

c) Standard Deviation:The variance is defined as the divergence of a data set from its mean.The 

data collection has a large variation means that it is further from the mean, and the less the 

variation, the closer to the mean it is.A major deviation in the normal growth rate of breast 

tumors does not exist(Whitney, Li, Ji, Liu, & Giger, 2019).MATLAB's ‘std2' built-in feature 

returns a standard deviation Eq. (1). 

 

Standard Deviation =  √
∑ (𝑥𝑖−�̅�)2𝑛

𝑖=1

𝑛−1
  (1) 

Where, 𝑥𝑖=Value of the ith point in the data set, �̅�=The mean value of the data set, n=The 

number of data points in the data set 

 

d) Pixel-Signal Noise ratio:The noise tolerance of a picture hasif the signal-to-to-noise ratio is 

high, the resulting picture is effectively noise-free.If you send the subject a picture of the size (or 

height, or width) of the highest possible number of pixels, MAXI is equivalent to the pixel values 

of the given MR image (Usually 255)(Liu, Liu, Yong, Jia, & Razmjooy, 2020).It is essential that 

the perceptual similarity rating (PSNR) is between 40 to 60 dB.  Represented in Eq. (2). 

 

𝑃𝑆𝑁𝑅 = 10𝑙𝑜𝑔10 
𝑀𝐴𝑋𝐼

2

𝑀𝑆𝐸
   (2) 
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e) Mean Absolute Error (MAE):MAE is the sum of the overall percentage error values 

between the actual and segmented images(Ibrahim, Mohammed, Ali, & Hussein, 2020)and is 

denoted in Eq. (3). 

MAE value =  
1

𝑛
∑ |𝑦𝑖 − �̅�|𝑛

𝑖=1    (3) 

 

Where, 𝑥𝑖= Predicted value of the ith point in the data set, �̅�=The actual value of the data set, 

n=The number of data points in the data set 

 

f) Mean Square Error (MSE):Measuring the initial and derivative values is referred to as 

MSE.In statistics, the number of the squares of the errors is used as an expression to refer to an 

error totalThe MSE is the sum of the squared errors in the segmented image minus the sum of the 

squares of the displacements(Dashevsky et al., 2019) and is denoted in Eq. (4). 

 

MSE value =  
1

𝑚𝑛
∑ ∑ [𝐼(𝑖, 𝑗) − 𝐾(𝑖, 𝑗)]2𝑛−1

𝑗=0
𝑚−1
𝑖=0  (4) 

 

Results segmentation values of the non-segmented images should be reduced. the lower MSE 

values characterize the probability of an image segmentation problem.The m and n in the images 

describe the number of rows and columns of each image.To put it another way, "I" and "K" are 

the input and the output images.More segmentation yields improved results.  

 

g) Dice (SI-Similarity Index):Dice is expressed as a percentage and varies from 100 to 0% to 

0% to 1000%. This sense the regions in the input image and explains the parallels between 

them(Sadoughi et al., 2018). The values used to calculate SI are denoted in Eq. (5): 

 

𝑆𝐼 =  
2 𝑋 𝐶𝐼

2 𝑋 𝐶𝐼 𝑋 𝐹 𝑋 𝐹𝑁
   (5) 

 

Where, Tumor area observed (CI) and allocatedA false (F) tumor was found in the input image 

area of the patient's image.An imaging analysis was performed on the patient's tumor image to 

search for the tumor but could not find it or it was misclassified as something else (FN).It is on 

clinical and surgical experience of a radiologist that CI, F, and FN are extracted from 

recognizing a tumor's location.A MATLAB generated a feature vector which provides enough 

classifications of the image, using all of the aforesaid parameters. knowledge and pattern 

parameters that effectively characterize the picture. 

 

RESULTS& DISCUSSION 
DESIGNING FUZZY INFERENCE SYSTEM 

The formula used to compute the membership values is depicted as below,after we have 

identified the most appropriate set of rules, we are setting up the fuzzy system to meet our 

needs.Fuzzy architecture involves the two essential stages: Fuzzy description and fuzzy rule 

development.A MF denotes how each input point is related to a particular membership value (or 

degree) on the scale (Fayaz, Ullah, & Kim, 2019). Therefore, the MFP was constructed with an 

MF in mind.The authors have made the decision to transform the input data to a fuzzified value 
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on the right here below.Each of the vertices of a triangle MF can be considered as a part of a 

fuzzy set containing A (a: lower boundary and c: upper boundary where membership degree is 

zero, b: the center where membership degree is 1).An essential part of fuzzy sets is to be able to 

decide on the MFs and determine their degree of membership.MF can occur in several different 

forms, although some standard implementations can serve as examples.Distance vectors are 

transferred to FLS as (dxij and dyij) after the segmentation.The initial vector was transformed to 

discrete input ranges called discretization(Ashraf, Roy, Muhuri, & Lohani, 2020).Distance value 

is discretized is a method of translating value from 0 to 1 unit range.This paper divides each 

pixel's maximum value (𝑀𝑎𝑥𝑝) into 0 to 1 measure. 

The formula for calculating the values is as follows: 

𝑦𝑖�̂� =
𝑦𝑖𝑗

𝑀𝑎𝑥𝑝
    (6) 

The results from Equation (6) allow one to individually change all of the pixel values within a 

given range.Now, the latest values from 0 to 1 can be found. So, all values that fall in the range 

are then replaced with the scaled values. As a consequence, the discretized picture I gets blurred 

𝑦𝑖�̂� = {

𝐴    0 < 𝑦𝑖𝑗 <  1

𝑃    0 < 𝑦𝑖𝑗 <  0.5

𝐷    0 < 𝑦𝑖𝑗 <  1
  (7) 

Yij is the target pixel in the ith test image, A is the mean db value of the measured image, and P is 

the PSNR valueIf the discrete function finds that an element in the input file only includes A and 

D, the element ID(I, j) is discretized. 

 
Figure.3: Fuzzy Inference System (FIS) rules 
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Sample rules 

If (Area is Negative) and (PSNR is Negative) and (DICE is Negative) then (Decision is 

Negative)  

If (Area is Positive) and (PSNR is Negative) and (DICE is Negative) then (Decision is 

Positive(I))  

If (Area is Positive) and (PSNR is Positive) and (DICE is Negative) then (Decision is Positive 

(II)) 

If (Area is Positive) and (PSNR is Positive) and (DICE is Positive) then (Decision is Positive 

(II))  

Table 1 shows the feature parameters of QIN Breast DCE-MRI images (1-5)after segmentation 

of ROI. When analyzing Table 1, Mean Area of images 1 to 5 were calculated as 55883, 58030, 

5.6232e+04, 5.6582e+04 and 5.6419e+04, Entropy were identified as 2.4835, 1.7334, 0.9930, 

2.4823 and 2.5008, Mean Absolute Error (MAE) were found to be 5.4121, 11.9073, 12.1160, 

3.9495 and 4.5044, Mean Square Error (MSE) were calculated as 382.6684, 1.3360e+03, 

1.2910e+03, 266.1686 and 292.5680, Peak Signal to Noise Ratio (PSNR) identified as 0.1258, 

0.0360, 0.0373, 0.1808 and 0.1645, Standard deviation (SD) evaluated as 2.1410e+04, 

2.7359e+04, 1.6410e+04, 1.7924e+04 and 2.3172e+04 and Similarity Index 00.4344, 0.4104, 

0.4299, 0.4281 and 0.4289.  

 

 

Figure 4: Sample of Output images of QIN Breast DCE MRI from surface viewer in ‘jpg’ 
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Table 1: Feature parameters derived from sample set from QIN Breast DCE-MRI images 

Sample Mean area Entropy Standard 

Deviation 

Pixel-

Signal 

Noise 

ratio 

(db) 

Mean 

Absolute 

Error 

(MAE) 

Mean 

Square 

Error 

(MSE) 

Dice 

Image 1 55883 2.4835 2.1410e+04 0.1258 5.4121 382.6684 0.4344 

Image 2 58030 1.7334 2.7359e+04 0.0360 11.9073 1.3360e+03 0.4104 

Image 3 5.6232e+04 0.9930 1.6410e+04 0.0373 12.1160 1.2910e+03 0.4299 

Image 4 5.6582e+04 2.4823 1.7924e+04 0.1808 3.9495 266.1686 0.4281 

Image 5 5.6419e+04 2.5008 2.3172e+04 0.1645 4.5044 292.5680 0.4289 

 

The suggested technique derives features from a function-extracted QIN MRI feature contrast. 

Additionally, the PSNR result is seen for five separate images, and compared to that of the 

original and ROI segmented image in Table 1. When applying process, the best PSNR of 0.1808 

db for the smallest number of pixels in the table. Furthermore, output of MSE is found to be less 

on image 4 as calculated by the resemblance index (Dice), the image quality improves. MSE has 

estimated that the error on test picture 4 is the lowest to put it another way, the noise level goes 

up, along with the size of the picture. Via our trial, we've understood our proposed system 

obviously outperforms all other methods in PSNR and MSE.  

 

  

Figure 5: Sample of Input & Output images of QIN Breast DCE MR in ‘jpg’ 

CONCLUSION 
Accordingly, it can be mentioned that a greater patient population is necessary for determining 

whether the feature extraction strategy and FIS become relevant in early on during the early 

phases of NAT therapy.The QIN Breast DCE evaluation shows a spatial relationship, and assists 

in alluding to in that wayproviding support to the pre-operative care preparation adage. At this 

stage, more study would be needed to verify the success of these computer-based methods.The 

analyzed values of mean area, entropy, mean square error, mean absolute error, peak signal to 

noise ratio, standard deviation and similarity index in QIN MRI sequence breast sequences all 
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agree with the proposal that that it can heterogeneous tumors. Using a large amount of clinical 

data, analyses can be made quickly and effectively. 
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