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Abstract 

Flotation is one of the most widely used mineral processing methods in the mining 

industry. The efficiency of the flotation process largely depends on the 

characteristics of the froth formed on the surface of flotation cells. Accurate 

monitoring and analysis of flotation froth parameters play an essential role in 

improving mineral recovery and process stability. In recent years, computer vision 

technologies have become an effective tool for analyzing flotation froth 

characteristics automatically and in real time. This article explores the application 

of computer vision techniques for identifying flotation froth parameters such as 

bubble size, texture, color, and mobility. The research highlights the advantages of 

automated monitoring systems compared to traditional manual observation methods. 

The integration of computer vision with modern industrial control systems can 

significantly improve the efficiency and productivity of flotation processes in mining 

operations. 
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Introduction 

           The mining industry plays a crucial role in the development of modern 

economies by providing essential raw materials for various industrial sectors. One 

of the most widely used mineral separation techniques in the mining industry is the 

flotation process. Flotation is a physicochemical method used to separate valuable 

minerals from ore based on differences in their surface properties. During the 

flotation process, finely ground ore particles are mixed with water and reagents to 

form a slurry. Air bubbles are introduced into the flotation cell, causing hydrophobic 

mineral particles to attach to the bubbles and rise to the surface, forming a froth 
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layer. The froth containing valuable minerals is then collected and processed further. 

The characteristics of flotation froth are considered an important indicator of the 

efficiency of the flotation process. Operators traditionally monitor the froth visually 

to determine whether the process is functioning properly. However, manual 

observation is subjective and depends heavily on operator experience. In addition, it 

is difficult to maintain continuous monitoring under industrial conditions. 

In recent years, advancements in digital technologies and artificial intelligence have 

led to the development of computer vision systems capable of automatically 

analyzing flotation froth images. These systems allow for real-time monitoring and 

objective assessment of flotation parameters, which significantly improves process 

control and operational efficiency. 

The Role of Flotation Froth in Mineral Processing 

Flotation froth plays a vital role in the separation of valuable minerals from waste 

material. The appearance and structure of the froth provide important information 

about  the  internal  processes  occurring  within  the  flotation  cell. Several key 

parameters of flotation froth are commonly analyzed including bubble size 

distribution, froth texture, froth color, bubble velocity and froth stability. These 

parameters reflect the physical and chemical conditions inside the flotation cell and 

help engineers optimize flotation performance. Smaller bubbles generally provide a 

larger surface area for particle attachment which can improve mineral recovery. At 

the same time excessive froth stability may reduce separation efficiency. Therefore 

monitoring froth characteristics is essential for maintaining optimal flotation 

conditions. 

Computer Vision in Flotation Monitoring 

Computer vision is a field of artificial intelligence that enables computers to 

extract meaningful information from digital images and videos. In mineral 

processing computer vision systems can analyze images of flotation froth captured 

by industrial cameras installed above flotation cells. The first step involves capturing 

high-resolution images of flotation froth. These images are then processed using 

image processing techniques such as filtering segmentation and edge detection. After 

preprocessing important froth features such as bubble boundaries texture patterns 
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and color distributions are extracted. Machine learning algorithms can further 

classify froth conditions and identify changes in flotation performance. Thes 

automated systems enable continuous monitoring without relying on subjective 

human observation. 

Identification of Froth Parameters 

Computer vision techniques enable identification of several important 

flotation froth parameters. Bubble Size Distribution – Bubble size is detected using 

segmentation algorithms   that   identify   bubble   edges   and   calculate   diameters. 

Froth Texture – Texture analysis techniques evaluate the structural arrangement of 

bubbles within the froth layer. 

Froth Color – Color analysis in RGB or HSV color spaces helps estimate mineral 

concentration in the froth. 

Froth Mobility – Motion analysis algorithms track bubble movement across 

sequential frames allowing evaluation of froth dynamics and stability. 

Computer vision systems provide several advantages compared with traditional 

visual inspection. 

First they provide continuous and objective monitoring of flotation processes. 

Second automated analysis allows rapid detection of abnormal process conditions. 

Third computer vision systems can be integrated with industrial control systems 

enabling intelligent process optimization. 

These benefits contribute to improved mineral recovery reduced operational costs 

and increased efficiency in mining operations. 

Despite the advantages several challenges remain in practical implementation. 

Industrial environments often include dust vibration and variable lighting which can 

affect image quality. Froth structures are also highly dynamic and complex making 

automated interpretation difficult. Future research focuses on deep learning 

technologies capable of recognizing complex patterns in froth images. Integration of 

computer vision with Internet of 
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 Things technologies and smart mining systems is also a promising direction for 

further development. 

Conclusion 

Flotation froth analysis plays a critical role in improving the efficiency and stability 

of mineral processing operations. Traditional monitoring methods are limited by 

subjectivity and lack of continuous observation.  

Computer vision technologies provide an effective solution for automatic 

identification of flotation froth parameters. Real-time analysis of froth images allows 

better process control and supports the development of intelligent mining 

technologies. Continued technological development will further expand the 

application of computer vision in mineral processing and industrial automation. 
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