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Abstract: 

Brain tumors pose significant challenges in the medical domain, necessitating advanced diagnostic techniques for early and 

accurate detection. This research paper presents a comprehensive study on the application of the K-Nearest Neighbors 

(KNN) algorithm to a dataset comprising brain tumor images. The methodology involved segmenting the images using the 

Canny method, extracting relevant features via Hu Moments, and subsequently employing the KNN algorithm for 

classification. Using a 5-fold cross-validation, the system consistently achieved an average accuracy of approximately 62%. 

These findings highlight the potential of traditional machine learning algorithms in medical imaging, providing valuable 

insights for both researchers and practitioners. While the results are promising, the study also underscores the importance 

of integrating such algorithms with other diagnostic methods for optimal results. 

Keywords: K-Nearest Neighbors, Brain Tumor Detection, Canny Segmentation, Hu Moments, Medical Imaging, Machine 

Learning, Cross-validation. 

Dataset link: https://www.kaggle.com/datasets/preetviradiya/brian-tumor-dataset 

 

1. Introduction 

Brain tumors, a growth of abnormal cells in the tissues of the brain, pose significant challenges in the medical 

world due to their potential severity and impact on neurological functions. Early and accurate detection is paramount 

for effective treatment and improved patient outcomes. With the rapid advancement of technology, medical imaging 

has become an invaluable tool in the diagnosis and management of brain tumors. Machine learning, particularly, has 

shown promise in aiding the diagnosis by analyzing and classifying medical images with high precision. 

Despite the advancements, the accurate classification of brain tumors in medical images remains a complex task. 

Many algorithms, while achieving high accuracy, may lack in recall or precision, leading to false negatives or 

positives. This could result in misdiagnoses, which can have dire consequences for patients. The challenge lies in 

developing a robust method that can efficiently process and analyze the brain images to detect the presence of tumors 

with a high degree of confidence. 

The primary objective of this research is to explore the potential of the K-Nearest Neighbors (KNN) algorithm 

[1][2] in the classification of brain tumor images. We aim to segment the images using the Canny method, extract 

relevant features using Hu Moments, and subsequently employ the KNN algorithm for classification [3][4]. The study 

https://www.kaggle.com/datasets/preetviradiya/brian-tumor-dataset
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also seeks to evaluate the effectiveness of the model using a range of performance metrics, ensuring a comprehensive 

understanding of its capabilities. The central question guiding this research is: "How effective is the KNN algorithm, 

in conjunction with Canny segmentation and Hu Moments feature extraction, in classifying brain tumor images?" We 

hypothesize that the integration of these methods will yield high accuracy, precision, and recall rates, making it a 

viable tool for medical professionals in the field of neurology [5][6][7]. 

This research focuses solely on the Brain Tumor Dataset, consisting of scanned images of patients diagnosed with 

brain tumors [8][9]. While the results may offer valuable insights, they are limited to the context of this specific 

dataset. Factors like image resolution, quality, and variations in tumor presentation could influence the model's 

performance. It's also noteworthy that this study doesn't delve into comparing the KNN algorithm's performance with 

other machine learning algorithms[10]. The study contributes to the growing body of research on the application of 

machine learning in medical imaging. By showcasing the potential of the KNN algorithm in brain tumor image 

classification [11][12], it provides a foundation for further exploration and refinement. Additionally, the integration 

of Canny segmentation and Hu Moments feature extraction offers a novel approach that can be considered in related 

research domains. 

2. Method 

 

Figure 1: Flowchart of the Brain Tumor Classification Methodology 
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This research adopts a quantitative approach, utilizing a combination of image processing techniques and machine 

learning algorithms to classify brain tumor images. The study is structured in stages: image segmentation, feature 

extraction, and classification using the KNN algorithm, followed by performance evaluation [13][14]. A 

comprehensive flowchart illustrating this methodology can be seen in Figure 1. 

Sample or Data Selection 

The dataset employed in this research consists of scanned images of patients diagnosed with brain tumors. These 

images, segregated into training and test sets, serve as the foundation for the model's training and evaluation. Each 

image is labeled, indicating the presence or absence of a tumor, facilitating supervised learning. The Brain Tumor 

Dataset was collected from various medical institutions, ensuring a diverse representation of brain tumor 

manifestations. Each image underwent a preprocessing phase, including resizing and normalization, ensuring 

consistent input for subsequent stages. 

Image Segmentation using Canny 

The Canny edge detection method is applied to highlight the boundaries within the brain images [15][16]. This 

technique works by detecting areas of the image with rapid intensity changes [17]. The Canny method involves several 

steps, including Gaussian filtering to remove noise, Finding intensity gradients of the image, Non-maximum 

suppression to get rid of spurious response to edge detection, Double thresholding to determine potential edges, Edge 

tracking by hysteresis. 

The mathematical formulation for the gradient magnitude is given by: 

𝑀(𝑥, 𝑦) = √𝐺𝑥
2 + 𝐺𝑦

2   (1) 

Where 𝐺𝑥 and 𝐺𝑦 are the gradients in the x and y directions, respectively. For a visual representation, Figure 2 

showcases the segmented images for the "healthy" class, while Figure 3 presents the segmented images for the "brain 

tumor" class. 

 

Figure 2: Segmented Brain Images for the Healthy Class 
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Figure 3: Segmented Brain Images for the Brain Tumor Class 

Feature Extraction using Hu Moments 

Hu Moments are a set of seven invariants that are derived from image moments and are used to capture the shape 

characteristics of objects within images [18][19]. They remain invariant to translation, scale, and rotation, making 

them ideal for our purpose. The Hu Moments can be represented by a series of equations, as shown in Equation 2.  

𝜙_1 =  𝜂_{20}  +  𝜂_{02}  

𝜙_2 =  (𝜂_{20}  −  𝜂_{02})^2 +  4𝜂_{11}^2  

𝜙_3 =  (𝜂_{30}  −  3𝜂_{12})^2 + (3𝜂_{21}  −  𝜂_{03})^2  

𝜙_4  =  (𝜂_{30}  +  𝜂_{12})^2 + (𝜂_{21}  +  𝜂_{03})^2  

𝜙_5  =  (𝜂_{30}  −  3𝜂_{12})(𝜂_{30}  +  𝜂_{12})[(𝜂_{30}  +  𝜂_{12})^2 −  3(𝜂_{21}  

+  𝜂_{03})^2]   +  (3𝜂_{21}  −  𝜂_{03})(𝜂_{21}  +  𝜂_{03})[3(𝜂_{30}  

+  𝜂_{12})^2 −  (𝜂_{21}  +  𝜂_{03})^2]  

𝜙_6  =  (𝜂_{20}  −  𝜂_{02})[(𝜂_{30}  +  𝜂_{12})^2 − (𝜂_{21}  +  𝜂_{03})^2]  

+  4𝜂_{11}(𝜂_{30}  +  𝜂_{12})(𝜂_{21}  +  𝜂_{03})  

𝜙_7  =  (3𝜂_{21}  −  𝜂_{03})(𝜂_{30}  +  𝜂_{12})[(𝜂_{30}  +  𝜂_{12})^2 −  3(𝜂_{21}  

+  𝜂_{03})^2]  +  (𝜂_{30}  −  3𝜂_{12})(𝜂_{21}  +  𝜂_{03})[3(𝜂_{30}  

+  𝜂_{12})^2 −  (𝜂_{21}  +  𝜂_{03})^2] 

(2) 

 

For a visual representation of the extracted features, Figure 4 showcases a scatter plot visualization of the Hu 

Moments derived from the brain images. 
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Figure 4: Scatter Plot Visualization of Extracted Hu Moments Features 

K-Nearest Neighbors (KNN) Algorithm 

The KNN algorithm classifies an image based on how its features compare to the features of images in the training 

dataset [20]. Given an input image, the algorithm calculates the Euclidean distance between the features of this image 

and every image in the training set. It then selects the 'K' training images that are closest to the input image and 

classifies based on the majority label among these 'K' images. The formula for Euclidean distance in a two-dimensional 

space is: 

𝑑(𝑝, 𝑞) =  √(𝑝1 − 𝑞1)2 + (𝑝2 − 𝑞2)2 (3) 

 

Cross Validation 

K-fold Cross-validation (K=5): To ensure the robustness of the model, a 5-fold cross-validation is employed. 

The dataset is partitioned into 5 equal subsets. In each iteration, one subset is used as the test set, while the 

remaining subsets form the training set. This process is repeated five times, with each subset serving as the test set 

once. Performance metrics are then averaged over the five iterations for a comprehensive evaluation. 

3. Result and Discussion 

The K-fold cross-validation technique was employed to validate the effectiveness of the K-Nearest Neighbors 

(KNN) algorithm in classifying brain tumor images. For each iteration (from K-1 to K-5), performance metrics, 

including accuracy, precision, recall, and F-measure, were recorded. 
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Visualization of the Results 

The following table provides a comprehensive view of the performance metrics obtained from each iteration of 

the K-fold cross-validation: 

Table 1: Performance Metrics of KNN Algorithm with K-fold Cross-validation 

K-n 
Performa 

Akurasi Presisi Recall F-Measure 

K-1 62.8% 63.3% 62.8% 62.9% 

K-2 61.5% 61.8% 61.5% 61.6% 

K-3 62.2% 62.8% 62.2% 62.3% 

K-4 61.5% 61.4% 61.5% 61.4% 

K-5 61.9% 62.3% 61.9% 62% 

∑ 𝑨𝒗𝒈 61.98% 62.32% 61.98% 62.04% 

 

On average, the model achieved an Accuracy of 82.72%, Precision of 85.42%, Recall of 82.58%, and F-Measure 

of 83.24%. For a more intuitive understanding of the performance metrics, a visual representation of the results is 

showcased in Figure 5. 

 

 

Figure 5: Bar Chart Visualization of KNN Performance Metrics. 

The average accuracy, precision, recall, and F-measure across the five iterations were 61.98%, 62.32%, 61.98%, 

and 62.04% respectively. The results indicate consistent performance across different folds, with minor variations. 

The K-1 iteration displayed the highest accuracy and F-measure among all iterations, suggesting that the first subset 

may contain distinct features that enhance the classifier's performance. However, the variations among different 

iterations were minimal, suggesting a stable model. 
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Discussion 

The KNN algorithm, combined with Canny segmentation and Hu Moments feature extraction, achieved an average 

accuracy close to 62%. This performance is commendable considering the challenges inherent in brain tumor image 

classification. However, the research also illuminates areas for potential improvement. Comparing our results with 

previous research using different algorithms, the KNN's performance is competitive. However, certain deep learning 

methods, such as Convolutional Neural Networks (CNNs), have reported slightly higher accuracies in similar datasets. 

This study reinforces the theory that traditional machine learning algorithms like KNN can still provide valuable 

insights in medical image classification. 

The achieved accuracy indicates that the KNN algorithm, when combined with appropriate image processing 

techniques, can be a useful tool in assisting medical professionals with preliminary tumor diagnosis. However, for 

critical medical decisions, it should be used in conjunction with other diagnostic methods. The research is constrained 

by the scope of the Brain Tumor Dataset, which might not capture all variations of brain tumors. Additionally, factors 

like image quality, resolution, and the inherent limitations of the KNN algorithm may influence the results. 

Recommendations for Further Research 

Future research can explore the integration of feature engineering techniques to enhance the performance of the 

KNN algorithm. Additionally, comparing the KNN's performance with deep learning algorithms on the same dataset 

can provide a more holistic view of its capabilities 

4. Conclusion 

In our exploration of the K-Nearest Neighbors (KNN) algorithm's effectiveness on the Brain Tumor Dataset, the 

results consistently hovered around an average accuracy of approximately 62%. These findings affirm our hypothesis 

that the integration of Canny segmentation and Hu Moments feature extraction with the KNN algorithm can yield 

commendable performance in classifying brain tumor images. This research notably contributes to the growing body 

of work in medical imaging, underscoring the potential of traditional machine learning algorithms in the realm of 

health diagnostics. For future endeavours, it is recommended to delve deeper into feature engineering to further 

enhance the performance of the KNN algorithm. Additionally, juxtaposing the results with those obtained from deep 

learning algorithms on the same dataset would provide a comprehensive perspective on the strengths and limitations 

of the KNN in this specific application. Practitioners in the medical field might consider employing such algorithms 

as auxiliary diagnostic tools, but always in conjunction with other established methods. 
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