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Abstract
This paper explores the integration of machine vision into robotic systems to enhance perception, control, and adaptability. Machine vision enables robots to process visual data and make real-time decisions, significantly improving their performance in tasks such as object detection, obstacle avoidance, visual servoing, and quality inspection. the study analyzes the effectiveness of vision-based solutions across key application areas and demonstrates their impact on the flexibility and autonomy of robotic platforms.
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INTRODUCTION
Machine vision has become an essential component of modern robotics, enabling robots to perceive, interpret, and interact with their environment intelligently. By integrating cameras, sensors, and advanced image processing algorithms, robotic systems gain the ability to detect objects, recognize patterns, and make data-driven decisions in real time.
In industrial settings, machine vision plays a critical role in enhancing automation, improving product quality, and reducing human error. It is widely applied in tasks such as visual inspection, object localization, defect detection, and autonomous navigation. Unlike traditional robotic systems that rely solely on pre-programmed paths and sensor feedback, vision-based systems provide adaptability and situational awareness, making them suitable for dynamic and unpredictable environments.
The development of efficient machine vision algorithms, along with advancements in hardware and computational power, has led to significant progress in intelligent robotics. This paper explores key applications of machine vision in robotics and presents an analysis of its impact on performance, flexibility, and autonomy in robotic systems.

PROBLEM STATEMENT
Despite the advancements in robotic automation, traditional sensor-based systems often struggle to adapt in complex, unstructured environments where precise spatial awareness and dynamic decision-making are required. Rigid pre-programmed logic limits the robot’s ability to respond to unexpected changes, such as variations in object position, shape, or orientation.
Machine vision addresses these limitations by enabling robots to analyze visual input and interpret contextual information. However, implementing machine vision in robotics presents several challenges, including real-time image processing, noise reduction, lighting variability, and the need for robust algorithms that can generalize across diverse conditions.
This paper focuses on addressing these challenges through the integration of efficient vision algorithms tailored for robotic tasks such as object detection, obstacle avoidance, and visual tracking. The goal is to enhance robot autonomy, reduce dependence on human intervention, and increase performance in dynamic industrial and service environments.

METHODS 
In this study, machine vision techniques are integrated into a robotic system to enhance perception, decision-making, and control. The approach focuses on five key applications commonly addressed using vision-based algorithms: object detection, obstacle avoidance, visual servoing, quality inspection, and path tracking.
Image data is captured using onboard cameras and processed through computer vision algorithms, including edge detection, contour analysis, and convolutional neural networks (CNNs), depending on the task. Feature extraction techniques are applied to identify objects, classify scenes, and detect anomalies. The processed visual information is then used to guide robotic actions in real time.
As shown in Fig. 1, object detection and quality inspection represent the most dominant use cases, with reported effectiveness above 85%. Visual servoing and path tracking also play essential roles in motion control and navigation, especially in unstructured environments. This distribution highlights the practical importance of machine vision across various industrial robotic tasks.
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Figure. 1 – Applications of Machine Vision in Robotics
RESULTS
To evaluate the practical applications of machine vision in robotics, five key use cases were analyzed: object detection, obstacle avoidance, visual servoing, quality inspection, and path tracking. Each of these tasks represents a critical function that benefits from vision-based automation.
As illustrated in Fig. 1, quality inspection and object detection exhibit the highest levels of implementation and effectiveness, with reported usage rates above 85%. These applications are commonly used in manufacturing environments where accuracy and consistency are essential. Obstacle avoidance and path tracking also show strong relevance, particularly in mobile robotics and warehouse automation. Visual servoing, while slightly lower in frequency, plays an important role in dynamic interaction tasks where precise positioning is required.
The results confirm that machine vision significantly enhances robotic autonomy and task performance. The distribution of application areas highlights the versatility of vision systems in both fixed and mobile robotic platforms.
CONCLUSION
Machine vision has proven to be a transformative technology in the field of robotics, enabling systems to operate with higher precision, autonomy, and adaptability. By allowing robots to interpret visual data in real time, machine vision facilitates intelligent decision-making in complex and dynamic environments.
This study highlighted the most common applications of vision-based robotics, such as object detection, quality inspection, and obstacle avoidance. Through the analysis, it was shown that machine vision not only improves task efficiency but also expands the range of feasible robotic operations in both industrial and service sectors.
As computational capabilities and vision algorithms continue to evolve, the integration of machine vision into robotic systems is expected to become even more widespread, driving the next generation of intelligent, context-aware automation solutions.
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ОЦІНЮВАННЯ КЛЮЧОВИХ ЗАСТОСУВАНЬ МАШИННОГО ЗОРУ В ПРОМИСЛОВІЙ ТА МОБІЛЬНІЙ РОБОТОТЕХНІЦІ	
Анотація
У роботі досліджено інтеграцію машинного зору в роботизовані системи з метою підвищення їхньої здатності до сприйняття, керування та адаптації. Машинний зір дозволяє роботам обробляти візуальні дані та приймати рішення в режимі реального часу, що суттєво покращує їхню ефективність у таких завданнях, як виявлення об'єктів, уникнення перешкод, візуальне керування та контроль якості. У дослідженні проаналізовано ефективність рішень на основі машинного зору в ключових сферах застосування та продемонстровано їхній вплив на гнучкість і автономність роботизованих платформ.
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