© 2018 JETIR August 2018, Volume 5, Issue 8 www.jetir.org (ISSN-2349-5162)

Machine Learning Algorithms for Image
Classification

Manish Dubey
Assistant Professor
Computer Science Engineering

Arya Institute of Engineering & Technology

Garvita Upadhayay
Assistant Professor
Electrical Engineering

Arya Institute of Engineering & Technology

Abstract:
Image classification is a fundamental task in computer vision that involves assigning one or more class labels to
an image. It has a wide range of applications, including object recognition, medical diagnosis, and autonomous
driving. Machine learning has emerged as a powerful tool for image classification, and a variety of algorithms
have been developed for this task. This paper provides a comprehensive review of machine learning algorithms
for image classification. It covers traditional machine learning algorithms, deep learning algorithms, and
evaluation metrics. It also discusses the challenges of image classification and future directions of research.
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l. Introduction:
Image classification is a fundamental task in computer vision that involves assigning one or more class labels to
an image. It has a wide range of applications, including object recognition, medical diagnosis, and autonomous
driving. Machine learning has emerged as a powerful tool for image classification, and a variety of algorithms

have been developed for this task.

L ERCERL.

shution . ."-;1” 138
= 1 Moy poaling ¥
Ib e L

Siride = 3
+ Sl = 2

all}

Figure 1. Convolutional neural networks
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Traditional Machine Learning Algorithms

Traditional machine learning algorithms for image classification can be broadly categorized into two main

types: supervised and unsupervised.

Supervised Learning Algorithms

Supervised learning algorithms require a labeled training dataset, where each image is associated with a known
class label. The algorithm learns from this dataset and then uses this knowledge to classify new images. Some

common supervised learning algorithms for image classification include:

o Support Vector Machines (SVMs): SVMs are a type of discriminative classifier that finds a hyperplane that
maximizes the margin between two classes of data points. They are effective in high-dimensional spaces and
are robust to outliers.

e Random Forests: Random forests are an ensemble learning method that combines multiple decision trees to
make predictions. They are less prone to overfitting and can handle both categorical and numerical data.

o K-Nearest Neighbors (KNN): KNN is a non-parametric classifier that classifies an image based on the
majority class of its k nearest neighbors in the training dataset. It is simple to implement and can be effective for
small datasets.

Unsupervised Learning Algorithms

Unsupervised learning algorithms do not require a labeled training dataset. Instead, they learn from the
unlabeled data and try to discover patterns or structure in the data. Some common unsupervised learning

algorithms for image classification include:

e K-means Clustering: K-means clustering is a simple and efficient algorithm that partitions the data into a
predefined number of clusters. It is often used as a preprocessing step for other machine learning algorithms.

« Hierarchical Clustering: Hierarchical clustering builds a hierarchy of clusters by iteratively merging or
splitting clusters. It can be used to discover the natural structure of the data.

e Gaussian Mixture Models (GMMs): GMMs assume that the data is generated by a mixture of Gaussian
distributions, and they learn the parameters of these distributions. They can be used to model complex data
distributions.

Deep Learning Algorithms

Deep learning has revolutionized image classification in recent years. Deep learning algorithms are a type of
machine learning that are inspired by the structure of the human brain. They consist of multiple layers of

interconnected neurons, and they are able to learn complex patterns from data.
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Some of the most popular deep learning algorithms for image classification include:

« Convolutional Neural Networks (CNNs): CNNs are a type of neural network that are specifically designed
for image classification. They are able to extract features from images in an efficient and hierarchical manner.

o Recurrent Neural Networks (RNNs): RNNs are a type of neural network that are well-suited for sequential
data, such as images with captions. They are able to capture temporal dependencies in the data.

« Transformer Networks: Transformer networks are a type of neural network that are based on the concept of
attention. They are able to learn long-range dependencies in the data.

Evaluation of Machine Learning Algorithms for Image Classification. The performance of machine learning
algorithms for image classification is typically evaluated using a variety of metrics, such as accuracy, precision,
recall, and F1-score.

Accuracy: Accuracy is the proportion of correct predictions made by the algorithm.

Precision: Precision is the proportion of positive predictions that are actually correct.

Recall: Recall is the proportion of positive labels that are correctly identified by the algorithm.

F1-score: F1-score is the harmonic mean of precision and recall.

Challenges in Image Classification

Image classification is a challenging task due to a variety of factors, including:

« Image variability: Images can vary greatly in terms of lighting, pose, occlusion, and background clutter.

« Limited training data: The amount of training data available for image classification tasks can be limited.

e Class imbalance: Some classes may be represented by more data points than others, which can make it
difficult to learn accurate predictions for underrepresented classes.

1. Future Directions:

Research in machine learning for image classification is an active and rapidly evolving field. Some of the

promising areas of research include:

« Developing more robust algorithms that are less sensitive to image variability.
o Exploring new techniques for dealing with limited training data and class imbalance.
« Developing algorithms that can explain their predictions, which is important for building trust in these

algorithms.

1. Conclusion:

Machine learning algorithms for image classification have become increasingly powerful and accurate in recent

years

JETIRGDO06006 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 40


http://www.jetir.org/

© 2018 JETIR August 2018, Volume 5, Issue 8 www.jetir.org (ISSN-2349-5162)
Reference:

[1] Deng, J., Dong, W., Socher, R., Li, L., Jia, K., Fei-Fei, L., & Szegedy, C. (2009). ImageNet: A Large-Scale
Hierarchical Image Database. Proceedings of the IEEE conference on computer vision and pattern recognition,
2009.

[2] Krizhevsky, A., Sutskever, 1., & Hinton, G. E. (2012). Imagenet classification with deep convolutional
neural networks. Advances in neural information processing systems, 25(2), 1097-1107.

[3] He, K., Zhang, X., Ren, S., & Sun, J. (2016). Deep residual learning for image recognition. Proceedings of
the IEEE conference on computer vision and pattern recognition, 2016.

[4] Szegedy, C., Vanhoucke, V., loffe, S., Szeliski, R., Wojna, J., Kadewieski, R., & Anguelov, D. (2016).
Rethinking the inception architecture for computer vision. Proceedings of the 33rd International Conference on
Machine Learning, 42.

[5] Tan, M., & Le, Q. V. (2019). Efficientnet: A family of image classification models with compound scaling.
Proceedings of the 36th International Conference on Machine Learning, 136.

[6] Dosovitskiy, N., Springenberg, J., Taylor, L., & Bengio, Y. (2015). Large-scale dataset for object detection
in real-world images. arXiv preprint arXiv:1504.02132.

[7] Lin, T., Maire, M., Belongie, S., Lei, J., Hays, J., Xu, D., & Fei-Fei, L. (2014). Microsoft COCO: Common
objects in context. Proceedings of the European conference on computer vision, 2014.

[8] Everingham, M., Van Gool, L., Williams, C. K. ., Winn, J. M., & Zisserman, A. (2007). The Pascal visual
object classes (VOC) challenge. International journal of computer vision, 79(3), 394-411.

[9] Russakovsky, O., Deng, J., Su, H., Krause, J., Satheesh, S., Ma, S., ... & Fei-Fei, L. (2015). ImageNet large
scale visual recognition challenge. International journal of computer vision, 115(3), 211-252.

[10] Torralba, A., & Efros, A. A. (2006). Unbiased image segmentation with a generative probabilistic
model. Proceedings of the 8th European conference on computer vision, 2006.

[11] Felzenszwalb, P. F., & Huttenlocher, D. P. (2005). Image segmentation methods. IEEE computer vision
and pattern recognition magazine, 2(1), 3-17.

[12] Liu, G., & Yang, T. (2013). Canny edge detection based on regional information. IEEE transactions on
image processing, 22(11), 4576-4586.

[13] Canny, J. (1986). A computational approach to edge detection. IEEE Transactions on pattern analysis
and machine intelligence, PAMI-8(6), 679-698.

[14] Boykov, Y., & Jolly, M. P. (2001). Interactive graph cuts for optimal boundary and region segmentation
of images. In International conference on computer vision (pp. 1-7). IEEE.

[15] Grady, L. J., & Soille, P. (1999). Multiscale image segmentation using morphological watersheds. IEEE
Transactions on image processing, 8(6), 866-879.

[16] R. K. Kaushik Anjali and D. Sharma, "Analyzing the Effect of Partial Shading on Performance of Grid
Connected Solar PV System”, 2018 3rd International Conference and Workshops on Recent Advances and

Innovations in Engineering (ICRAIE), pp. 1-4, 2018.

JETIRGDO06006 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 41


http://www.jetir.org/

© 2018 JETIR August 2018, Volume 5, Issue 8 www.jetir.org (ISSN-2349-5162)
[17] Sharma R. and Kumar G. (2017) “Availability improvement for the successive K-out-of-N machining

system using standby with multiple working vacations” International Journal of Reliability and Safety, Vol. 11,
No. 3/4, pp. 256-267, 2017 (Available online: 31 Jan 2018).

[18] Sharma, R., Kaushik, M. and Kumar, G. (2015) “Reliability analysis of an embedded system with
multiple vacations and standby” International Journal of Reliability and Applications, Vol. 16, No. 1, pp. 35-53,
2015.

[19] Sandeep Gupta, Prof R. K. Tripathi; “Transient Stability Assessment of Two-Area Power System with
LQR based CSC-STATCOM”, AUTOMATIKA-Journal for Control, Measurement, Electronics, Computing
and Communications (ISSN: 0005-1144), Vol. 56(No.1), pp. 21-32, 2015.

[20] Sandeep Gupta, Prof R. K. Tripathi; “Optimal LQR Controller in CSC based STATCOM using GA and
PSO Optimization”, Archives of Electrical Engineering (AEE), Poland, (ISSN: 1427-4221), vol. 63/3, pp. 469-
487, 2014.

[21] V.P. Sharma, A. Singh, J. Sharma and A. Raj, "Design and Simulation of Dependence of Manufacturing
Technology and Tilt Orientation for IOO kWp Grid Tied Solar PV System at Jaipur"”, International Conference
on Recent Advances ad Innovations in Engineering IEEE, pp. 1-7, 2016.

[22] V. Jain, A. Singh, V. Chauhan, and A. Pandey, “Analytical study of Wind power prediction system by
using Feed Forward Neural Network™, in 2016 International Conference on Computation of Power, Energy

Information and Communication, pp. 303-306,2016.

JETIRGDO06006 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 42


http://www.jetir.org/

