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Abstract: The research on robot navigation of substation inspection based on 

machine vision has important background significance. The purpose of this 

study is to evaluate and optimize the application effect of machine vision in the 

navigation of substation inspection robot. The experimental data show that the 

navigation system based on machine vision achieves 92.5% navigation 

accuracy and 85.2% navigation accuracy in environment A, which provides 

strong support for improving the efficiency and safety of substation inspection. 

In addition, it is found that the navigation accuracy drops to 76.4% and 64.9% 

in the case of sensor failure, so it is necessary to further improve the sensor 

system. Machine vision navigation technology has great potential in substation 

inspection robot, which is worthy of in-depth research and application. 
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Analysis 

1. Introduction 

In recent years, with the rapid development of industrial automation and robot 

technology, substation inspection robot has gradually become an important technology 

in the power industry. As a key component of power transmission and distribution 

system, the stable operation of substation is very important to ensure the reliability of 

power supply [1-2]. However, the traditional manual inspection method has some 

limitations, such as excessive security risks, inefficient operation and maintenance 

costs and insufficient human resources [3-4]. Machine vision technology is a 

technology that combines computer vision with artificial intelligence. By processing 

and analyzing visual information such as images and videos, the machine can simulate 

human visual ability and make corresponding decisions and actions according to task 

requirements. This makes machine vision an important technical support in substation 

inspection robot [5]. 

A large number of academics and professionals have been researching machine 

vision-based robot navigation for substation inspection in recent years. Of them, the 
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substation is a crucial component of the power system, thus it's critical to periodically 

check and keep it in a functional state. Conventional detection techniques typically 

need manual involvement, which can be dangerous and time-consuming. Chen W 

suggested a path planning method for the substation detecting robot based on 

topology analysis and machine vision in order to address this issue. First, the system 

gathers and analyses photographs within the substation using machine vision 

technology, then it extracts the attributes of different components, including switches, 

transformers, and wires. Then, the topological structure model of substation is 

constructed by topological analysis method, and the connection relationship between 

various devices is established [6]. Wang Y proposed a robot perception system based 

on machine vision for substation detection. The sensing system uses machine vision 

technology to sense and identify each equipment in the substation. Specifically, 

through image processing and feature extraction technology, the equipment in the 

substation is identified and classified, including switches, transformers, cables and so 

on. At the same time, the deep learning algorithm is used to detect and monitor the 

state of the equipment, such as temperature, humidity and vibration [7]. Zhang Y 

proposed a 3D mapping algorithm for substation detection robot based on multi-view 

vision. The algorithm uses machine vision technology to collect multi-view images 

inside the substation, and fuses and aligns the multi-view images through image 

fusion and registration technology, so as to realize all-round perception of the scene 

inside the substation. Then, the fused image is transformed into a three-dimensional 

scene model by using three-dimensional reconstruction technology, including the 

geometric structure and spatial position information of each device [8]. 

Based on machine vision technology, this research aims to develop a substation 

inspection robot which can realize autonomous navigation. By using various sensors, 

such as camera, depth sensor and lidar, the robot can obtain real-time information of 

substation environment, and make real-time perception, positioning and mapping. On 

this basis, combined with reinforcement learning and path planning algorithm, the 

robot can independently plan the inspection path and realize the comprehensive 

inspection of substation equipment. 

2. The Navigation Research Method of Robot for Substation 

Inspection Using Machine Vision  

2.1 Application of Machine Vision in Inspection Robot 

Machine vision is a technology that combines computer vision and artificial 

intelligence. By processing and analyzing visual information such as images and 

videos, the machine can simulate human visual ability and make corresponding 

decisions and actions. Machine vision technology plays an important role in substation 

inspection robot [9-10]. Firstly, machine vision can be used for environment perception 

and target detection. By using sensors such as camera, depth sensor and laser radar, the 

inspection robot can obtain images and distance information of substation environment 

in real time. Using the image processing and analysis algorithm, the state of equipment 

can be detected and faults can be identified, such as surface defects and falling parts 

[11-12]. Secondly, machine vision can be used for navigation and path planning. 



Inspection robots need to be able to obtain the position and attitude information in the 

environment for accurate navigation and path planning. Machine vision technology can 

realize autonomous positioning and navigation of robots by identifying and matching 

environmental features. For example, visual slam (Simulated Localization and 

Mapping) technology can be used to realize real-time map construction and adaptive 

navigation. In addition, machine vision can also be used for equipment condition 

monitoring and fault diagnosis. By analyzing the equipment image, the temperature, 

humidity, wear and damage of the equipment can be detected. With the help of machine 

learning and deep learning technology, we can build a fault diagnosis model and realize 

intelligent detection and prediction of hidden dangers and faults. There are many 

potential development directions in the application of machine vision in inspection 

robots. For example, multi-modal data fusion can be combined with other sensor 

technologies, such as infrared thermal imager and vibration sensor, to improve the 

accuracy and reliability of fault diagnosis. In addition, with the continuous 

development of technologies such as deep learning and reinforcement learning, the 

application effect of machine vision in inspection robots can be further improved, and 

the intelligent recognition and processing ability of complex scenes and diverse 

equipment can be realized [13-14]. 

2.2 Navigation Method of Existing Substation Inspection Robot 

The existing navigation methods of substation inspection robot mainly include the 

research and application of key technologies such as positioning and navigation. 

Positioning technology aims at autonomous positioning of robots in known maps or 

unknown environments, while navigation technology aims at path planning and motion 

control of robots in complex environments. In positioning, a common method is the 

positioning technology based on the Global Positioning System (GPS). This method 

can provide high positioning accuracy, but it is poor in indoor or shadow areas. In 

addition, the visual positioning method uses the vision of the robot's environment to 

obtain the position and attitude information in the environment, so as to make accurate 

navigation and path planning. Machine vision technology can realize autonomous 

positioning and navigation of robots by identifying and matching environmental 

features [15], as shown in Figure 1: 
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Fig.1 Navigation flow chart of existing substation inspection robot. 

2.3 The Use of Intelligent Big Data Algorithms 

Clustering substation inspection robot navigation is often used in big data. This method 

only needs to cluster one sample and can be extended to the whole data set, focusing on 

smaller data, thus reducing the time required for clustering, saving space and improving 

the economy of data processing. Their sample size is calculated as shown in formula 1: 

S = f × n + log a       (1) 

In formula 1, a denotes the cluster size, n is the data rule, and f is the ratio of the 

extracted data to the given data. The extracted data ratio is computed using the 

formula 2: 

f =
a

n
                (2) 

The hierarchical technique may be used to compute the clustering algorithm's 

number of iterations, as indicated in formula 3: 

g = S ×
log a

f
           (3) 



3. Research and Experiment of Robot Navigation for Substation 

Inspection based on Machine Vision 

3.1 Machine Vision Navigation Purpose of Substation Inspection Robot 

This project aims to investigate and assess the substation inspection robot's machine 

vision-based navigation capability. The objectives are to specifically analyse the 

application effect of machine vision in various environmental conditions, verify 

through experiments the viability and effectiveness of machine vision in the navigation 

process, and assess the precision and accuracy of robot navigation based on the 

experimental results. These studies yield data and outcomes about the machine vision 

navigation system, which serve as a guide for more optimisation and advancements in 

robot navigation. 

3.2 Navigation Analysis of Robot for Substation Inspection Utilising Machine 

Vision 

In this experiment, the robot is navigated by using machine vision technology and 

sensors and cameras inside the substation. The navigation data under different 

environmental conditions are collected and analyzed in detail. According to the 

accuracy and precision of navigation, the experimental data are counted and calculated. 

The performance of machine vision navigation system in different lighting conditions, 

complex scenes and sensor failures is analyzed. By analyzing the data, the reliability of 

the robot navigation system can be evaluated and the potential problems can be 

identified. 

Table 1. Navigation Performance Data of Substation Inspection Robot Based on Machine 

Vision 

Experiment 
condition 

Navigation exactness 
(%) 

Navigation 
accuracy (%) 

A environment 92.5 85.2 

B environment 87.3 79.8 

C environment 89.1 82.6 

Sensor failure 76.4 64.9 

As shown in Table 1, under different environmental conditions, the machine vision 

navigation system shows high navigation accuracy and accuracy. In environment A, 

the navigation accuracy reaches 92.5% and the accuracy is 85.2%. In B environment, 

the navigation accuracy is 87.3% and the accuracy is 79.8%. In C environment, the 

navigation accuracy is 89.1% and the accuracy is 82.6%. However, when the sensor 

fails, the navigation performance is degraded, and the navigation accuracy is 76.4% 

and 64.9%. It shows that the machine vision navigation system shows good 

performance in most environmental conditions, but there is still room for 

improvement in the case of sensor failure. 

3.3 Machine Results of Substation Inspection Robot's Vision Navigation 

The application of machine vision navigation system in substation inspection robot has 

good potential. However, in the practical application process, it is necessary to further 

optimize the robot navigation algorithm, improve the sensor system, and 

comprehensively evaluate and verify the navigation performance under different 



environmental conditions to ensure the stability and reliability of the system. These 

research and exploration will provide guidance and support for realizing more accurate 

and efficient navigation system of substation inspection robot. 

4. Research Results and Discussion of Robot Navigation for 

Substation Inspection based on Machine Vision 

4.1. Navigation Status of Substation Inspection Robot Based on Machine Vision 

There has been a notable advancement in the use of machine vision technologies for 

substation inspection. The manual participation required for the conventional 

inspection approach is arduous, time-consuming, and security-risky. But as machine 

vision technology has advanced, employing robots to examine substations has shown to 

be a successful approach. This section will examine the current state of machine vision 

technology in substation inspection, as well as the benefits and drawbacks associated 

with its use. The inspection robot can acquire real-time picture and video data of the 

substation using machine vision technology, which it then uses to identify and analyse 

the data using a deep learning algorithm. This technology can increase the efficiency of 

substation equipment by enabling automated identification, fault detection, and 

abnormal alert. At the same time, the robot avoids errors and safety risks in manual 

operation during the inspection, and can perform tasks in harsh environment, reducing 

the influence of human factors on the inspection results. However, machine vision 

technology still has some challenges in substation inspection. First of all, there are 

many kinds and complex shapes of equipment in substation, so it is necessary to train a 

more comprehensive and complex deep learning model to realize accurate 

identification and analysis. Secondly, there are usually interference factors such as 

insufficient light, pollution and vibration in substation environment, which puts 

forward higher requirements for the performance of machine vision system. Therefore, 

in order to further improve the accuracy and stability of inspection robot navigation, it 

is necessary to carry out relevant verification research. 

4.2. Navigation Verification of Substation Inspection Robot based on Machine 

vision 

In this study, the feasibility and effectiveness of robot navigation for substation 

inspection based on machine vision are verified through the discussion of the results. In 

the discussion of the results, an inspection robot equipped with machine vision module 

is used and tested in a real substation environment. The image data of inspection robot 

in different positions and scenes are collected, and image analysis and navigation 

decision are made through deep learning algorithm. It is found that machine vision 

technology has good performance in the navigation of substation inspection robot. First 

of all, the robot can accurately identify and locate the substation equipment and ensure 

the correct navigation path. Secondly, machine vision technology can effectively detect 

the abnormal situation of equipment, find potential faults in advance and give an alarm 

in time, as shown in Figure 2: 

 



 

Fig.2 Navigation performance data of inspection robot 

Figure 2 shows the navigation performance data of inspection robot in different 

scenarios. Accuracy refers to the percentage of accuracy of inspection robot in 

identifying and navigating substation equipment; Alarm Accuracy refers to the 

percentage of accuracy when the inspection robot detects the abnormal situation of 

the equipment and gives an alarm; Navigation Stability refers to the percentage of 

stability that the inspection robot keeps stable navigation in different environments. 

For example, in the indoor patrol scene, the navigation accuracy of the patrol robot is 

95%, which means that the probability that the robot can correctly perform tasks in 

the indoor environment is 95% when identifying and navigating substation equipment. 

The alarm accuracy is 92%, which means that the robot's alarm accuracy is 92% when 

detecting the abnormal situation of the equipment and giving an alarm. The 

navigation stability is 96%, which means that the probability that the inspection robot 

can maintain stable navigation in indoor environment is 96%. The description 

provides a quantitative evaluation of the navigation performance of the inspection 

robot, which shows that the inspection robot has high accuracy, alarm accuracy and 

navigation stability in different environments. 

4.3. Navigation Strategy of Substation Inspection Robot based on Machine 

Vision 

Based on the analysis of the current situation and verification results, some strategies 

are proposed to further improve the navigation performance of substation inspection 
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robot with machine vision. First of all, it is necessary to further optimize the machine 

vision algorithm to adapt to the shapes and characteristics of various devices in the 

substation. Aiming at the identification of complex substation equipment, multi-modal 

data fusion method can be used to improve the identification accuracy by combining 

image and infrared information. In addition, reinforcement learning algorithm can be 

introduced to continuously improve the performance of the model through the feedback 

of the robot in the actual inspection process. Secondly, considering the complexity of 

substation environment, it is necessary to strengthen the resistance to interference 

factors such as insufficient light, pollution and vibration. For the environment with 

insufficient light, enhanced image processing techniques, such as image enhancement 

and adding lighting equipment, can be adopted to improve the image quality. For 

factors such as pollution and vibration, anti-interference machine learning method can 

be adopted, and the training model has strong robustness and generalization ability. 

Finally, it is suggested to collect and label large-scale data sets to provide more 

abundant and diverse data for training machine vision models. By collecting data 

samples from different substations and labeling them with experts' knowledge, the 

model can be better trained and its ability to identify and navigate substation equipment 

can be improved. 

5. Conclusion 

As the power sector has grown, the precision and efficiency of substation inspections 

have become critical to the stability and security of the power supply. A fresh approach 

to substation inspection robot navigation is offered by machine vision technology. This 

study's objectives are to examine and assess the state of machine vision application in 

substation inspection robot navigation and to provide strategies for development. It is 

discovered that machine vision technology has a lot of promise for use in the navigation 

of substation inspection robots through a thorough study of the field and the 

construction of algorithm verification experiments. The trial findings demonstrate that 

the inspection robot's navigation performance is strong in a variety of circumstances 

and that it can recognise abnormal conditions and substation equipment with accuracy. 

Even yet, there are still some obstacles facing modern machine vision technology when 

it comes to handling the intricate shapes and features of substation equipment and 

mitigating interference from sources like vibration, pollution, and inadequate light. 

Hence, in order to further enhance the anti-jamming capability, optimise the algorithm, 

and gather and label large-scale data sets, we propose a few techniques to improve the 

machine vision-based substation inspection robot's navigation performance. 
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