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Abstract. Intelligent mobile robots use machine vision and deep learning to achieve environmental 
perception, path planning, and obstacle avoidance, effectively improving autonomous decision-
making capabilities. In this paper, you only look once (YOLO) and Faster Region-based 
Convolutional Neural Network (Faster R-CNN), Region of Interest Detection (ROB), and Direct 
Sparse Odometry (DSO) are compared and analyzed. The advantages and disadvantages of two 
Simultaneous Localization and Mapping (SLAM) algorithms, single-sensor and multi-sensor fusion 
are compared so that different object detection methods can be used in different application 
scenarios. In this paper, it is concluded that algorithms such as YOLO and Faster R-CNN meet the 
requirements of real-time and accuracy, respectively, visual SLAM supports autonomous navigation, 
and multi-sensor fusion enhances adaptability and stability. Current challenges include balancing 
real-time performance and accuracy, improving multi-target recognition capabilities in complex 
scenarios, and maintaining stability in harsh environments. Future research will combine deep 
learning, edge computing, and 5G technologies to further promote the intelligent and efficient 
application of machine vision in the field of robotics. 
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1. Introduction 

With the rapid development of science and technology, intelligent robots are gradually replacing 

manual services and becoming an emerging technology in many fields such as medical care, logistics, 

transportation, aerospace, etc [1]. As its key technology, machine vision is mainly responsible for 

object recognition, path planning and obstacle avoidance, and realizes environmental perception and 

autonomous decision-making through image processing and deep learning. 

In recent years, robotics technology has developed rapidly, and the scale of the global robotics 

industry has increased rapidly [2]. At present, the research direction is mainly focused on efficient 

navigation, the combination of deep learning and image processing, multi-sensor information fusion 

and hardware optimization. With the rapid development of science and technology, the application 

of intelligent robots in the fields of medical care, logistics and transportation has been continuously 

expanded, and one of the key technologies is machine vision. Machine vision realizes environmental 

perception and target recognition through the analysis and processing of image data, and is one of the 

core technologies for intelligent robot navigation and decision-making [3]. By collecting 

environmental images through cameras and other devices, combined with image processing and deep 

learning algorithms, machine vision helps robots accurately identify and understand the surrounding 

environment, thereby achieving path planning, obstacle avoidance, and operation in dynamic 

environments. Its coordinated use with other sensors further improves the robot's ability to perceive 

and locate the environment, enabling it to make accurate judgments under various complex conditions, 

such as low light or bad weather. In addition, with the combination of machine vision technology and 

deep learning, robots can autonomously learn and optimize their behavior, and continuously improve 

their intelligence level. Therefore, machine vision greatly enhances the efficiency and stability of 

robots in the process of navigation, perception, and decision-making. 

This paper aims to study the target detection method of machine vision. It first explains the concept 

of machine vision, then lists two target detection and recognition algorithms, YOLO and Faster R-

CNN, and then introduces the meaning and application of the SLAM algorithm. Finally, it points out 



Highlights in Science, Engineering and Technology ESAC 2025 

Volume 134 (2025)  

 

135 

the shortcomings of a single sensor and proposes the concept of multi-sensor fusion. The key 

technologies of machine vision in intelligent mobile robots are analyzed. 

2. Machine Vision Technology 

Machine vision technology is a technology that processes and analyzes images or videos through 

computer systems to achieve object recognition, detection, measurement, and discrimination. In the 

field of mechanical manufacturing, it is mainly used for quality inspection, part positioning, product 

identification and automatic navigation [4].This technology not only enables the robot to identify 

objects around it, but also helps it complete path planning and obstacle avoidance operations through 

complex algorithms. Therefore, machine vision directly affects the working accuracy and efficiency 

of intelligent robots. 

2.1. Object Detection and Recognition 

Object detection and recognition is one of the important links in machine vision technology. It 

helps robots identify and locate different objects in the environment, thereby supporting their further 

operations. Common object detection algorithms today include YOLO and Faster R-CNN [5]. 

YOLO and Faster R-CNN each have their own advantages and disadvantages: YOLO is suitable 

for scenarios with high real-time requirements [6]. Such as real-time monitoring and unmanned 

driving, while Faster R-CNN performs better in detection accuracy [7]. It is suitable for scenarios 

such as medical image analysis. In complex applications, the advantages of both can be combined, 

by first using YOLO to quickly locate the target and then using Faster R-CNN to improve the 

detection accuracy, thus achieving a balance between real-time performance and accuracy. 

With the help of these algorithms, robots can quickly and accurately identify and classify objects 

in the surrounding environment, providing reliable data support for subsequent tasks. This recognition 

and detection capability not only improves the robot's autonomy but also lays the foundation for its 

multi-task execution in complex environments. With the continuous advancement of technology, the 

performance of target detection algorithms will be further optimized, bringing greater breakthroughs 

in the field of machine vision. 

2.2. Visual SLAM Technology 

SLAM is the core technology for intelligent mobile robots to achieve simultaneous localization 

and mapping in unknown environments. Visual SLAM extracts and matches features from image data 

captured by cameras, thereby achieving accurate environmental localization and map generation [8]. 

Currently, common visual SLAM algorithms include ORB-SLAM and DSO. ORB-SLAM uses ORB 

features for matching and localization, has good real-time robustness, and is suitable for applications 

in dynamic environments. DSO is a direct SLAM algorithm that directly estimates pose changes 

through pixel grayscale values without relying on feature point matching, and has great advantages 

in accuracy and flexibility. Visual SLAM provides strong support for the autonomous navigation of 

robots in unknown environments. 

2.3. Multi-sensor fusion 

A single sensor is a device that independently senses physical quantities, such as temperature 

sensors, pressure sensors, displacement sensors, etc., and is used to obtain specific information. 

However, its limitations lie in its single sensing range and single function, which makes it difficult to 

meet the needs of complex environments or multiple parameters. In order to improve perception 

accuracy and robustness, machine vision is often combined with other sensors [9], such as lidar and 

ultrasonic sensors. Visual sensors may have limitations in some cases (such as when the light changes 

dramatically or the light is insufficient). Lidar can provide high-precision distance data to make up 

for the lack of visual information. By fusing vision with data from other sensors, robots can obtain 

more comprehensive information under different environmental conditions, improving perception 
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capabilities and decision-making efficiency. This multi-sensor fusion technology has been widely 

used in fields such as autonomous driving, industrial robots, and drones, showing great application 

potential. 

2.4. Technology Application 

Machine vision-based target detection, navigation, obstacle avoidance and SLAM technologies 

play an important role in the practical application of intelligent mobile robots. These technologies 

have been widely used in fields such as autonomous driving, intelligent logistics, security monitoring 

and industrial automation. For example, in autonomous vehicles, machine vision is combined with 

multiple sensors such as lidar and millimeter wave radar to support vehicles to achieve target 

recognition and lane-keeping functions in complex road environments [10]. In intelligent 

warehousing systems, visual SLAM technology helps logistics robots to navigate autonomously and 

operate efficiently in dynamic warehousing environments. This greatly improves the efficiency, 

accuracy, and safety of logistics [11]. In industrial automation, machine vision technology realizes 

the intelligence and automation of production processes through the guidance and control of 

automatic sorting systems and robotic arms [12]. With the continuous development of technologies 

such as deep learning, edge computing and 5G, the application of machine vision technology in 

intelligent mobile robots will be further expanded and improved. Machine vision technology will face 

the problem of insufficient development. Smaller-scale technical pilot projects should be adopted to 

gradually improve the technology while strengthening technology research and development to 

achieve technological breakthroughs. 

3. Discussion 

The application of machine vision in intelligent mobile robots is a reflection of the deep integration 

of modern technology and automation. By collecting environmental information through visual 

sensors such as cameras and combining them with computer vision algorithms, machine vision gives 

robots the ability to understand and analyze the external environment. This process involves multiple 

key technologies, including target detection and recognition, simultaneous localization and mapping 

(SLAM), path planning, and obstacle avoidance, enabling robots to autonomously navigate and 

perform precise operations in complex and dynamic environments. 

Object detection and recognition are core functions in machine vision. With algorithms such as 

YOLO and Faster R-CNN, robots can quickly and accurately identify and locate specific targets. By 

using algorithms such as YOLO with high real-time performance or Faster R-CNN with high 

accuracy, robots can perform different tasks in a variety of environments, supporting the accuracy of 

path planning and decision-making. 

SLAM technology (Simultaneous Localization and Mapping), especially visual SLAM, helps 

robots achieve self-localization and map building in unknown environments. Visual SLAM 

algorithms such as ORB-SLAM and DSO enable robots to achieve autonomous navigation and 

precise positioning through image feature extraction and pose estimation. ORB-SLAM has good real-

time and robustness in dynamic environments, while DSO estimates pose through pixel grayscale, 

getting rid of the dependence on feature points and enhancing accuracy and flexibility. These 

technologies provide reliable support for the autonomous actions of robots in unknown environments 

and play an important role in applications such as autonomous driving and smart logistics. 

In addition, multi-sensor fusion technology further improves the perception accuracy and 

robustness of machine vision. In the case of unstable or insufficient lighting, visual sensors may be 

limited, so they are often combined with lidar, millimeter-wave radar, ultrasonic sensors, etc. to 

achieve multi-layer data complementarity. Multi-sensor fusion is widely used in fields such as 

autonomous driving and industrial automation, providing a guarantee for robots to obtain 

comprehensive and reliable information under different environmental conditions. 
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The diversity of technology applications demonstrates the value of machine vision in various 

practical scenarios. For example, in autonomous driving, machine vision is integrated with multiple 

sensors to help vehicles achieve functions such as target detection, lane keeping, and pedestrian 

avoidance; in smart warehousing systems, visual SLAM technology supports autonomous navigation 

of logistics robots in dynamic warehousing environments, improving operational efficiency. With the 

development of deep learning, edge computing, and 5G, the application scenarios of machine vision 

in intelligent robots will become richer, and its performance will be further optimized. 

4. Conclusion 

This paper deeply analyzes the key application technologies of machine vision in intelligent 

mobile robots, including target detection, visual SLAM, multi-sensor fusion, etc., and discusses its 

application and effects in actual scenarios. As the core technology to enhance the robot's autonomous 

navigation, environmental perception and decision-making capabilities, machine vision enables it to 

accurately plan paths and avoid obstacles in dynamic and complex environments. Target detection 

algorithms such as YOLO and Faster R-CNN have their own characteristics, which meet the 

requirements of real-time performance and recognition accuracy in different scenarios, while visual 

SLAM technology provides effective autonomous navigation support for robots through 

environmental positioning and map construction. In addition, the multi-sensor fusion strategy 

effectively enhances the accuracy and stability of machine vision and broadens its adaptability in 

various environments. 

Although machine vision technology has made remarkable achievements in the field of intelligent 

robots, it still faces some challenges. For example, how to balance real-time and accuracy, improve 

the ability to recognize multiple targets in complex scenes, and ensure stability in low-light or harsh 

environments are all issues to be solved. Future research can further optimize the combination of deep 

learning and visual algorithms, improve the efficiency of multimodal information fusion, and use 

edge computing and 5G technologies to enhance real-time processing performance. 

In short, machine vision technology has injected a strong impetus into the development of 

intelligent mobile robots. With continuous breakthroughs in technology, machine vision will drive 

robots to achieve more intelligent and efficient automation tasks in more application fields in the 

future. 
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