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Abstract 

In our increasingly electrified society, electricity has become indispensable to both production and daily life. However, 

high-load electric energy transmission presents inherent safety risks. To ensure the secure transportation of electric energy, 

live work on distribution networks is essential. However, traditional live work techniques require a high level of dependence 

on worker experience, which frequently leads to inaccurate safety distances and degrades worker security. This study 

proposes the integration of Unmanned Aerial Vehicles (UAVs) with intelligent robot sensing technology to enhance safety 

and efficiency in live work. By accurately measuring safety distances, UAVs offer a promising solution to mitigate risks 

associated with high-voltage circuits. Comparative analysis between traditional and intelligent live work safety distance 

measurements reveals the two live works under the high voltage circuit were 92% and 96%, respectively, and the accuracy 

of the two live work safe distance measurements under the low voltage circuit was 84% and 99%, respectively. Results 

demonstrate that UAVs equipped with intelligent sensing technology achieve superior accuracy in safe ranging for live 

work, thereby ensuring stable energy transmission and safeguarding the lives of workers in distribution networks. 

Keywords: Safe Ranging; Distribution Network Live Work; Drone Ranging; Intelligent Robot Sensing Technology. 

1. Introduction 

Electricity was invented and used in industrial production beginning in the 1870s. The advancement of electricity 

has improved every household's standard of living. On the other hand, as social and economic conditions have improved, 

the amount of electricity consumed in homes and businesses has increased significantly, and as a result, there is a 

growing demand for electrical energy. Although the distribution network's live operation is a very risky precaution 

against power outages, it is an effective one. To lower the risk of live work, relevant researchers have measured safe 

distances for the distribution network's live operations. Among them, the observation that maintaining a specific safety 

distance from high-voltage equipment is imperative since working on the distribution network in real-time is extremely 

risky [1]. During the live distribution network, construction workers should maintain a safe distance of more than 40 cm 

[2]. The distribution system for AC station equipment with varying voltage levels has a variable electrified distance. 

The recommended safety distance increases with voltage [3]. In high-altitude regions, the safe distance between 3000 

and 5000 meters above sea level is tested for live work on household lines [4]. When evaluating the safety distances of 
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ground equipment and voltage equipment at various distances, he found that there are differences in the safety distances 

under various discharge gaps [5]. Construction workers' safety can be efficiently ensured by maintaining the safety 

distance during live work in a reasonable manner; however, the safety distance is not measured intelligently enough. 

Accurate distance measurement is a feature of the intelligent sensing equipment on the UAV, and it is used to measure 

the safe distance between live distribution network operations. Among them, using intelligent drones to measure the 

safe distance for live work can effectively increase the accuracy of safe distance computation [6]. The UVA combined 

with intelligent robot sensing technology can determine the safe distance by using sensing equipment to thoroughly 

assess variables like voltage, altitude, and air humidity of high-voltage equipment [7]. UAVs have a high sensitivity, 

and using them to safely monitor high-voltage equipment can increase live work efficiency [8]. The safety range of live 

work may be precisely measured by Borah S using intelligent UAV technology, hence improving worker safety [9]. The 

techniques employed are subpar, even though UAVs with intelligent robot sensing technologies can reliably determine 

the safe distance for live work. Sensors are used by intelligent robot sensing technology to collect data. To determine 

the safe distance of live work in distribution networks, intelligent factor analysis and intelligent robot sensing 

technologies can be applied to UAVs [10]. The primary goal is to improve safety and efficiency in live distribution 

network work by combining Unmanned Aerial Vehicles (UAVs) with intelligent sensing technologies to precisely 

estimate safety distances, thereby reducing risks associated with high-voltage circuits. 

For a variety of electrical line maintenance tasks, a single-arm live operating robot was established by Gu et al. [11]. 

A technique of automated terminal reconfiguration on transmission lines is also provided to achieve transmission line 

inspections with live operation automatically. For the standard fitting’s maintenance operation, the robot's physical 

model and the manipulator arm's motion planning are provided. A design plan for an automated offline and online 

system for a live, functional robot was presented by Zou et al. [12]. The study develops a fundamental configuration and 

physical method, examines the principles of robots offline and online, and proposes a motion plan for operations. The 

viability and efficacy of the system are confirmed as a tangible prototype was generated. A conceptual and operational 

approach for an autonomous double-arm live working robot's on-line and off-loading mechanism was proposed in Zou 

et al. [13] and depends on UAV support. The structure of the lifting hook and the additional hook of the down and up 

system were built after the autonomous up-and-down process of the robot was investigated. After that, the robot's up-

and-down force analysis was performed, and a theoretical calculation was used to determine that hook drive motor 

would be best. A double-arm collaborative robot's fundamental configuration was suggested by Quan et al. [14]. 

Polynomial interpolation theory was used to plan the trajectory of the robot arm motion simultaneously. The robot 

manipulator's trajectory planning simulation framework was constructed in the framework of MATLAB, and the robot 

manipulator's reconstruction of the end tool and its transportation to the work point are the subjects of the trajectory 

simulation research. An automated online system for repairing overhead transmission wires was developed by Zhao et 

al. [15]. The walking structure and pre-twisted cable winding structure should be part of the mechanical system that the 

ground wire repair device for overhead power lines is built and researched for initially. The operating system of the 

device, reception modules, data transmission, image transmission, and other associated hardware and software control 

systems need then be developed. Lastly, other wireless terminal control systems, comparable control equipment, and 

software for mobile phones should be produced. 

2. Method of Safe Distance Measurement for Live Work in Distribution Network 

The development of a social economy is inseparable from the supply of electric energy. Due to the increasing demand 

for electric energy, the power system is often overloaded, resulting in power supply failures [16-17]. It is essential to 

takeaway live work on the distribution network to ensure the continuous supply of electric energy, but live work is very 

dangerous. High-voltage electricity would cause serious injury or even death to construction personnel within a certain 

range. It is also necessary to maintain a safe distance during the live distribution network process. The structural model 

of the live distribution network operation is shown in Figure 1. 

keep a safe distance

Continuous power 

supply

Industrial electricity

Electricity for life

Social electricity

 

Figure 1. Structure model schematic of the distribution network's live work 
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In Figure 1, during the live work of the distribution network, the construction personnel need to keep a certain safety 

distance, which can not only ensure the safety of the construction personnel but also ensure the continuous supply of 

electric energy [18]. The live work of the distribution network provides stable electric energy for social development, 

industrial production, and people's lives. 

3. Distribution Network Live Work 

Reducing the duration of circuit breakdown during maintenance and maintaining a steady power supply are the goals 

of the distribution network's live operation. In the process of live work of the distribution network, the main and most 

frequently used work content is wiring. The power supply of the maintenance party's circuit is not affected by the wiring 

operation [19]. The lead model for the distribution network's live work is displayed in Figure 2. 

Distribution network 

live work

 

Figure 2. Model diagram of wiring connection for live work of distribution network 

In Figure 2, the lead wires for live work in the distribution network are divided into four structures, namely horizontal 

lead, vertical lead, triangular horizontal lead, and triangular vertical lead [20]. The construction personnel choose 

different connection methods according to the different conditions of the maintenance circuit. The live work of the 

distribution network is a high-altitude operation; the construction environment is poor, and there is a danger of high-

voltage electric shock. Additionally, essential is the distribution network's ongoing work. When working on a live 

distribution network, construction workers must prioritize their safety. 

4. Safe Distance for Live Work in a Distribution Network 

The safety distance for live work in the distribution network refers to the distance between construction personnel 

and high-voltage equipment. A certain safety distance is maintained to effectively protect the personal safety of 

construction workers. Based on their experience, the construction workers often maintain a safe distance while the live 

operation of the distribution network. Due to the different dangers in different voltage environments, it is an unsafe 

behavior for construction personnel to repair only based on experience [21]. Table 1 displays the safety distances at 

various circuit voltages. 

Table 1. Safety distance table under different circuit voltages 

Circuit voltage (kv) Voltage level Safe distance (m) 

<10 1 0.7 

30 2 0.8 

100 3 1.5 

220 4 3.0 

500 5 5.2 

800 6 8.5 

1000 7 9.5 
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The voltage of the distribution network's live operation is broken down into 7 levels in Table 1. When the circuit 

voltage is less than 10kv, a safety distance of 0.7 meters should be maintained. The higher the circuit voltage, the longer 

the safe distance should be maintained, and the higher the difficulty and danger to the construction. When the circuit 

voltage reaches 1000kv, a safety distance of 9.5 meters should be maintained. 

The safety distance mentioned above is measured in a standard environment, but the actual live working 

environments of distribution networks are different, and it is necessary to comprehensively analyze the safety distance 

of live working [22]. 

5. Intelligent Robot Sensing Technology 

A sophisticated machine run by a computer is an intelligent robot. It possesses limbs and sensory abilities that are 

similar to those of humans, flexible action programs, and some level of intellect. It is capable of operating without 

human intervention. The control of robots is greatly aided by intelligent robot sensors. Robots' resemblance to humans 

in terms of perceptual processes and response capacities is a result of the sensors. Tactile sensors, visual sensors, force 

sensors, proximity sensors, ultrasonic sensors, and auditory sensors are installed on the robot to detect the work object, 

the environment, or the relationship between the robot and them. This greatly improves the robot's working conditions 

and allows it to more fully complete complex work. 

Intelligent machine sensing technology uses sensors to realize tactile or non-tactile information fusion calculation 

and has the ability of comprehensive analysis. UAVs are used as carriers. The sensor is used to obtain the data of the 

live operation of the distribution network, and the safe distance of the live operation of the distribution network is 

determined through intelligent analysis. Figure 3 shows the safe-ranging process of the live operation of the UAV 

distribution network integrating the intelligent robot sensing technology. 

Distribution network live 

work

Sensor gets data 1

Sensor gets data 2

Sensor gets data 3

Intelligent 

Analysis
Safe distance

 

Figure 3. Process diagram of safe distance measurement integrated with intelligent robot sensing technology 

The distribution network's real-time data is obtained by the UAV in Figure 3 via sensing equipment, and the safe 

distance is computed by intelligent analysis. In intelligent analysis, data processing is mainly carried out through 

artificial neural networks. Artificial neural network has excellent multi-data generalization processing and predictive 

analysis capabilities. It is very suitable for measuring the safety distance in the live work of the distribution network. 

In the artificial neural network, the information processing unit is the artificial neuron. The data set of live operation 

of distribution network obtained by UAV is set to 𝑋 = (𝑥1, 𝑥2, ⋯ , 𝑥𝑛), and the connection weight between each 

intelligently processed data and artificial neurons is 𝑉 = (𝑣1, 𝑣2, ⋯ , 𝑣𝑛), and then the data processing process of safe 

ranging in the live work of the distribution network is as follows: 

ℎ = ∑ 𝑥𝑖𝑣𝑖
𝑛
𝑖=1                                                                (1) 

In Equation 1, ℎ represents the summation of weights on the input data. The processing result of the artificial neuron is 

expressed as: 

𝑦 = 𝑠(ℎ)                                                                                                                                                                               (2) 

In Equation 2, the 𝑠() function is the activation function. 

The most frequently used structure in artificial neural networks is the reverse error propagation structure. The reverse 

error propagation neural network has two directions of information propagation. The core mechanism is to adjust the 

structure of the neural network through the reverse propagation of errors, to make the output data more accurate [23]. 

The back-propagation neural network has a three-layer structure, and the connection weights of each adjacent two layers 

are represented by 𝑣𝑖𝑗  and 𝑣𝑗𝑘, respectively. 
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The following is the expression for the forward propagation procedure of safe ranging during distribution network 

operation in real-time: 

The output signal of the input layer is expressed by the formula: 

𝑥𝑗 = ∑ 𝑣𝑖𝑗𝑥𝑖𝑖                                                              (3) 

The output of the hidden layer can be expressed as: 

𝑠(𝑥𝑗) =
1

1+𝑒
−𝑥𝑗

                                                           (4) 

In Formula (4), 𝑠() represents the activation function, which is generally a step function. 

The result of the output layer is: 

𝑥𝑘 = ∑ 𝑣𝑗𝑘𝑠(𝑥𝑗)𝑗                                                         (5) 

In the back-propagation process of safe ranging in the live operation of the distribution network, the error of back-

propagation should be calculated first, and the error is expressed as: 

𝐸 =
1

2
∑ (𝑥𝑘

𝑎 − 𝑥𝑘
𝑏)2

𝑘                                                      (6) 

In Formula (6) 𝑥𝑘
𝑎 and 𝑥𝑘

𝑏 shows the difference between the anticipated and actual output, respectively. 

Assuming that the acceptable error size of safe ranging in the live operation of the distribution network is e, then 

𝐸 > 𝑒, it means that the error is not within the acceptable range, and the actual output is close to the expected output by 

adjusting the structure of the neuron. When 𝐸 ≤ 𝑒, it means that the error reaches an acceptable range, and the back-

propagation neural network calculation is completed [24]. 

6. Experiment of Safe Distance Measurement for Live Work in Distribution Network 

6.1. Data Sources for Safe Distance Measurement for Live Work 

The risk of live work in the distribution network is high, and safe ranging is an effective protection for circuits and 

construction personnel. To better analyze the performance of safe distance measurement in the live operation of the 

distribution network, the experiment would carry out a questionnaire for the close contacts during the live operation of 

the distribution network. Among them, there are 300 construction personnel for live work in the distribution network 

and 200 power grid management personnel. The main statistics are the indicators they think can evaluate the safe-

ranging performance of live work [25-26]. The statistical results of safe-ranging data for live work in the distribution 

network are shown in Table 2. 

Table 2. Statistical table of safe-ranging data for live work in the distribution network 

Serial number Index Number of people (person) Proportion 

1 Safety for live workers 120 24% 

2 Accuracy of safe-ranging 90 18% 

3 Stability of Power Transmission 90 18% 

4 Line availability 70 14% 

5 Efficiency of live work 130 26% 

In Table 2, the indicators that 500 people who are in contact with live work in the distribution network think that 

they can evaluate the safe distance measurement are counted, of which the most agreeable number is the efficiency index 

of live work. The proportion is 26%. The second is the safety index of live workers, accounting for 24%. 

The correlation analysis of the safety ranging of distribution network live work is carried out on the five indicators 

in Table 2. The correlation analysis is to study whether the indicators can be used to evaluate the performance of safe 

ranging [27]. Table 3 displays the findings of the safety ranging correlation study on relevant metrics. 

Table 3. Results of Correlation analysis  

Serial number Index Correlation 

1 Safety for live workers 0.28 

2 Accuracy of safe-ranging 0.22 

3 Stability of Power Transmission 0.20 

4 Line availability 0.06 

5 Efficiency of live work 0.24 
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In Table 3, the correlation results of five indicators are analyzed. The highest correlation index is the safety of live 

workers, followed by the efficiency of live work. The smallest correlation index is the availability rate of the line, and 

the correlation is only 0.06. Since the correlation of the line availability index is too low relative to the other four indexes, 

in the following experimental analysis, the line availability index would not be analyzed [28]. 

6.2. Experimental Design of Safe-Ranging 

To analyze the effect of safe distance measurement of live operation based on intelligent robot sensing technology, 

a comparative analysis would be made with the traditional live distribution network safe distance measurement. Among 

them, the UAV integrated with intelligent robot sensing technology uses the back-propagation neural network as the 

core of data calculation, which is recorded as intelligent safe ranging. However, the traditional live distribution network 

safety ranging is for the construction personnel to perform safe ranging according to experience, which is recorded as 

traditional safe ranging. 

Intelligent safe-ranging is a process of comprehensive data analysis. For example, the data obtained by drones for 

live work in the distribution network include voltage, air humidity, air temperature, altitude, etc., and use Formula (1) 

to process these data. The actual safety distance is obtained through the calculation of the back-propagation neural 

network, and the error analysis is carried out 𝐸 =
1

2
∑ (𝑥𝑘

𝑎 − 𝑥𝑘
𝑏)2

𝑘  until the error reaches an acceptable range. 

When comparing the two safe-ranging methods, since the voltage is the main factor affecting the safe distance, it is 

necessary to set up a comparison experiment with different voltages. The experiment would be set up for half a year, 

and the data of the safety ranging evaluation index would be counted every month [29, 30]. 

7. Results of Safe Distance Measurement for Live Work in Distribution Network 

The safety of live workers: There is a great deal of risk involved in performing high-altitude maintenance, which is 

necessary for the distribution network's live operations. The distribution network's live construction workers' safety can 

be successfully safeguarded by safe ranging. Two methods of safe ranging are compared and analyzed. The safety 

comparison results of live workers under live work with different voltages in China in 2020 are shown in Figure 4. 

   

                                                       (a) High voltage                                                                                   (b) Low voltage 

Figure 4. Safety comparison results of live workers 

In Figure 4(a), it is a comparison of the safety of live workers on high-voltage lines with two safety-ranging methods. 
Among them, the safety of live workers under traditional safety ranging reached a minimum of 88% in the fourth month 
and a maximum of 96% in the second month. However, the safety of live workers under intelligent safety ranging has 
reached 96% and above, and with the implementation of intelligent safety ranging, the overall safety of workers is on 

the rise, reaching 99% in the sixth month. In Figure 4(b), it is a comparison of the safety of construction workers on 
low-voltage lines. The safety of the live worker under the intelligent safe-ranging mode is higher than that of the live 
worker under the traditional safe-ranging mode within 6 months of the experiment. Electrical worker safety is 92% and 
99% for both safe-ranging methods in the sixth month. Therefore, the safe distance measurement of UAV distribution 
network live work integrating intelligent robot sensing technology can effectively improve the safety of live workers. 

Accuracy of safe ranging: The most important thing for the safe distance measurement of live work is the accuracy 

of the distance measurement. Statistics were carried out on the accuracy of the safe ranging of the two safe ranging 
methods in 2020. Since the safety distances of different voltage intensities are quite different, it is necessary to compare 
and analyze high-voltage lines and low-voltage lines separately [31]. The comparison results of the safety ranging 
accuracy of the two safe ranging methods for live work in distribution networks are shown in Figure 5. 

82%

84%

86%

88%

90%

92%

94%

96%

98%

100%

1 2 3 4 5 6

S
a

fe
ty

Months

Traditional security ranging

Intelligent safety ranging

88%

90%

92%

94%

96%

98%

100%

1 2 3 4 5 6

S
a

fe
ty

Months

Traditional security ranging

Intelligent safety ranging



HighTech and Innovation Journal         Vol. 5, No. 3, September, 2024 

609 

 

   

(a) High voltage                                                                                         (b) Low voltage 

Figure 5. The accuracy comparison results of safe-ranging 

In Figure 5(a), it is a comparison of the accuracy of safe ranging on high-voltage lines, in which the accuracy of 

traditional safe ranging fluctuated within 6 months of the experiment, and reached the maximum in the 6th month. The 

safe-ranging accuracy was 92%. The safe-ranging accuracy at this time was 92%. However, the accuracy of safe ranging 

under intelligent safe ranging is constantly improving, reaching convergence in the third month, and the accuracy from 

the third month to the sixth month was 96%. In Figure 5(b), the accuracy of safe ranging is compared for low-voltage 

lines. The accuracy of traditional safe ranging fluctuated during the experimental period, and the accuracy was 84% in 

the sixth month. The accuracy of intelligent safety ranging is continuously improved due to the enhanced learning ability 

of the neural network system, reaching a maximum of 99% in the sixth month. Therefore, intelligent safe ranging has 

higher ranging accuracy and would become more and more accurate. 

Stability of power transmission: The purpose of live work in the distribution network is to achieve stable transmission 

of electric energy. If the safety distance measurement is more accurate, the construction personnel would be more 

efficient in live work and improve the stability of power transmission. A half-year power transmission stability test was 

carried out on the two safe distance measurement methods for live work in distribution networks. The comparison results 

of power transmission stability are shown in Figure 6. 

 

Figure 6. Comparison results of the stability of power transmission 
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In Figure 6, the comparison of the power transmission stability under the safe distance measurement of the live 

operation of the two distribution networks was described. Among them, the power transmission stability of 6 months 

under the traditional safe-ranging method was not much different, and the power transmission stability was 78.3% on 

average. The stability of power transmission under the intelligent and safe-ranging method has been continuously 

improved, from 88% in the first month to 98% in the sixth month. Therefore, the safe distance measurement of UAV 

distribution network live operation integrated with intelligent robot sensing technology can effectively improve the 

stability of power transmission. 

Efficiency of live work in the distribution network: The live operation of the distribution network is to deliver stable 

electric energy to various places in time [32]. The efficiency of live operation of the distribution network was compared 

between the two methods of live safety distance measurement of the distribution network. Due to the different effects 

of live work under different circuit voltages, the high voltage and low voltage were compared respectively, and the 

comparison results of the efficiency of live work in the distribution network are shown in Figure 7. 

   

    (a) High voltage                                                                                    (b) Low voltage 

Figure 7. The efficiency comparison results of live work in a distribution network 

In Figure 7(a), the live work efficiency of the distribution network is compared under the condition of high voltage 

lines. Among them, the live working efficiency data under the traditional safe-ranging method fluctuates up and down, 

and the average live working efficiency is 61%. However, the live work efficiency of the distribution network under the 

intelligent and safe ranging is constantly improving, and the live work efficiency during the experiment is higher than 

that of the traditional model, reaching convergence in the fifth month. The live working efficiency of the distribution 

network at this time is 94%. In Figure 7(b), it is a comparison of the efficiency of the live operation of distribution 

network on low-voltage lines. The efficiency of live operation of the distribution network under intelligent safe ranging 

is higher than that of traditional safe ranging. The efficiency of live distribution network work under the two types of 

safe ranging is 84% and 97% in the sixth month. Therefore, the safe distance measurement of UAV distribution network 

live operation integrated with intelligent robot sensing technology can improve the efficiency of distribution network 

live operation. 

Accuracy: Prediction accuracy is the degree to which the model's estimated values agree with the real values. 

Accurate predictions are more dependable and believable; this measure evaluates the model's accuracy. 

Loss: The difference between predicted and actual results is quantified by comparing the loss to the predicted values, 

which illustrates the model's inaccuracy. By minimizing loss and defining the variance using a predetermined metric, it 

produces precise forecasts. Figure 8 shows the results of Accuracy and Loss. 

Study demonstrates that Unmanned Aerial Vehicles (UAVs) equipped with intelligent sensing technology achieve 

superior accuracy in safe ranging for live work. Integrating UAVs with intelligent sensing technology can significantly 

enhance safety and efficiency in live work, mitigating risks associated with high-voltage circuits and ensuring stable 

energy transmission in distribution networks. 
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Figure 8. Results of Accuracy and Loss 

8. Conclusion 

Enhancing Live Work Safety focuses on improving safety measures in work environments where employees are 

directly exposed to electrical hazards, such as distribution networks or power plants. The integration of Unmanned 

Aerial Vehicles (UAVs) with intelligent robot sensing technology emerges as a transformative solution to address the 

safety and efficiency challenges inherent in live work on distribution networks. This study underscores the critical 

importance of accurate safety distance measurements in mitigating risks associated with high-load electric energy 

transmission, highlighting the indispensable role of UAVs in enhancing worker security and operational reliability. The 

comparative analysis conducted in this study reveals convincing verification of the effectiveness of UAVs equipped 

with intelligent sensing technology. With accuracy rates of 92% and 96% for high-voltage circuits and 84% and 99% 

for low-voltage circuits, respectively, UAVs demonstrate a clear advantage over traditional live work techniques. These 

findings underscore the potential of UAVs to revolutionize safety protocols and standard practices in distribution 

network maintenance. By leveraging advanced sensing capabilities and unmanned aerial platforms, UAVs offer 

exceptional precision and reliability in safety distance measurements. Moreover, the adoption of UAVs in live work 

safety distance measurements represents a paradigm shift towards data-driven decision-making and automation in 

electrical infrastructure maintenance. The integration of UAVs with intelligent sensing technology offers significant 

advancements in safety for live work on distribution networks. However, challenges exist, such as environmental 

dependencies and line-of-sight restrictions, which can affect reliability, particularly in adverse weather or densely 

populated areas. Additionally, scaling UAV deployment and ensuring cost-effectiveness remain areas for exploration. 

Further research is needed to refine UAV technologies, optimize deployment strategies, and explore integration with AI 

and autonomous systems for maximum effectiveness. 

9. Declarations  

9.1. Author Contributions 

Conceptualization, Y.J. and X.P.; methodology, X.P., Z.Z., H.J., and J.S.; software, Y.J. and P.Z.; validation, Y.J., 

X.P., and Z.Z.; formal analysis, Y.J., L.W., and J.S.; investigation, X.P. and L.W.; resources, Y.J. and P.Z.; data curation, 

Z.Z., H.J., and P.Z.; writing—original draft preparation, Y.J., X.P., and H.J.; writing—review and editing, L.W. and 

J.S.; visualization, Y.J. and H.J.; supervision, Y.J. and Z.Z.; project administration, Y.J., X.P., and Z.Z.; funding 

acquisition, Y.J. All authors have read and agreed to the published version of the manuscript. 

9.2. Data Availability Statement 

The data presented in this study are available on request from the corresponding author. 

9.3. Funding 

This research study is sponsored by Science and Technology Project of State Grid Corporation of China. The name 

of the project is Research and Development of an Intelligent Safety Monitoring System for live operations in a 

distribution network based on UAV AI recognition. The project number is TSS2020-05.  

9.4. Institutional Review Board Statement 

Not applicable.   



HighTech and Innovation Journal         Vol. 5, No. 3, September, 2024 

612 

 

9.5. Informed Consent Statement 

Not applicable.  

9.6. Declaration of Competing Interest 

The authors declare that they have no known competing financial interests or personal relationships that could have 

appeared to influence the work reported in this paper. 

10. References 

[1] Zhang, J., Hu, Y., Xu, S., Zhang, T., Ren, S., & Wang, M. (2021). Design and analysis of terminal live installation tool for robot 

in distribution work. Procedia Computer Science, 183(1), 412–417. doi:10.1016/j.procs.2021.02.078. 

[2] Huang, L., Zhai, D., Li, R., Ren, Z., & Wang, P. (2019). Research and discussion on safety and protection technology of 

distribution network in rural areas in the future. Power System Protection and Control 47(2), 167–174. doi:10.7667/PSPC171888. 

[3] Deng, W., Zhuang, W., Qin, H., Li, L., & Feng, M. (2017). Experimental Study on the Safe Distance of Typical Electrode for 

±200 kV Converter Station. High Voltage Apparatus, 53(12), 112–118. doi:10.13296/j.1001-1609.hva.2017.12.018. 

[4] Wang, B., Yue, S., Wu, Y., Ding, Y., Zhang, Z., Hou, T., & Han, J. (2017). Research on security distance of live working on 220 

kV transmission line at high altitudes. Power System Protection and Control, 45(24), 158–162. doi:10.7667/PSPC161880. 

[5] Wang, Y., E, S., Ma, Y., Long, G., Wang, W., & Wen, X. (2017). Safe Operation Distance in DC Field of ±200 kV Convertor 

Station. High Voltage Engineering, 43(6), 1958–1964. doi:10.13336/j.1003-6520.hve.20170527029. 

[6] Quan, L., Li, C., Feng, Z., & Liu, J. (2017). Algorithm of Works’ Decision for Three Arms Robot in Greenhouse Based on Control 

with Motion Sensing Technology. Transactions of the Chinese Society for Agricultural Machinery, 48(3), 14–23. 

doi:10.6041/j.issn.1000-1298.2017.03.002. 

[7] Lu, F., Liu, S., & Tian, G. (2019). Methods for Sensor Data Mapping and Automatic Service Composition in Intelligent Robot 

Service Environment. Robot, 41(1), 30–39. doi:10.13973/j.cnki.robot.18055. 

[8] Liu, Y., Li, Z., Liu, H., Kan, Z., & Xu, B. (2020). Bioinspired Embodiment for Intelligent Sensing and Dexterity in Fine 

Manipulation: A Survey. IEEE Transactions on Industrial Informatics, 16(7), 4308–4321. doi:10.1109/TII.2020.2971643. 

[9] Mukherjee, S., Kumar, R., & Borah, S. (2021). Obstacle-avoiding intelligent algorithm for quad wheel robot path navigation. 

International Journal of Intelligent Unmanned Systems, 9(1), 29–41. doi:10.1108/IJIUS-12-2019-0074. 

[10] Yang, L., Li, E., Long, T., Fan, J., & Liang, Z. (2019). A Novel 3-D Path Extraction Method for Arc Welding Robot Based on 

Stereo Structured Light Sensor. IEEE Sensors Journal, 19(2), 763–773. doi:10.1109/JSEN.2018.2877976. 

[11] Gu, S., Hu, K., Liu, L., Li, Z., Chen, Z., Qiao, M., & Jiang, W. (2022). Design and Application of Single-Arm Live Working 

Robot System on Transmission Line. Journal of Physics: Conference Series, 2166(1), 12019. doi:10.1088/1742-

6596/2166/1/012019. 

[12] Zou, D., Fan, S., Peng, S., Liu, L., Jiang, Z., & Jiang, W. (2022). Design and Research on the Automatic Online and Offline 

System of Live Working Robot on Transmission Lines. Journal of Physics: Conference Series, 2166(1), 12032. 

doi:10.1088/1742-6596/2166/1/012032. 

[13] Zou, D., Jiang, Z., Liu, L., Dai, C., & Jiang, W. (2024). Design and Simulation of Autonomous Up-and-down System for 

Transmission Line Live Operation Robot with the UAV Assistance. Journal of Physics: Conference Series, 2731(1), 12007. 

doi:10.1088/1742-6596/2731/1/012007. 

[14] Quan, W., Zou, D., Xi, C., Qiao, M., Liu, L., & Jiang, W. (2023). Simulation Research on Trajectory Planning of Double-arm 

Cooperative Live Working Robot for Transmission Lines. Journal of Physics: Conference Series, 2433(1), 12013. 

doi:10.1088/1742-6596/2433/1/012013. 

[15] Zhao, H., Fan, M., Pei, S., Zheng, W., Fang, J., & Liang, W. (2023). Design and Development of Ground Wire Repair Robot 

for Transmission Line. Journal of Physics: Conference Series, 2560(1), 12032. doi:10.1088/1742-6596/2560/1/012032. 

[16] Xie, H., Liu, Z., Xu, X., & Zhang, J. (2020). Research on the safe distance between passing ship and offshore drilling platform 

based on theory and statistics. Proceedings of the Institution of Mechanical Engineers Part M: Journal of Engineering for the 

Maritime Environment, 234(3), 642–650. doi:10.1177/1475090220902305. 

[17] Lu, Z., Kang, L., Gao, S., & Meng, Q. (2018). Determination of minimum distance to obstacle avoidance in the Singapore strait. 

Transportation Research Record, 2672(11), 73–80. doi:10.1177/0361198118794056. 

[18] Yoshida, T., Takeuchi, I., & Karasuyama, M. (2019). Safe triplet screening for distance metric learning. Neural Computation, 

31(12), 2432–2491. doi:10.1162/neco_a_01240. 



HighTech and Innovation Journal         Vol. 5, No. 3, September, 2024 

613 

 

[19] Zhidu, H., Bo, F., & Shengchao, J. (2017). Reliability evaluation of wind transmission performance and windstorm warning in 

regional transmission and distribution network based on GIS. Boletin Tecnico/Technical Bulletin, 55(11), 567–573. 

[20] Paula, A., Fragoso, A., Fortes, M., Ferreira, V., & Pereira, A. (2017). Harmonic analysis of lighting technology application - 

case study in distribution network: smart city Buzios. CIRED - Open Access Proceedings Journal, 2017(1), 659–662. 

doi:10.1049/oap-cired.2017.0627. 

[21] Gunji, B., Deepak, B. B. V. L., Saraswathi, M. B. L., & Mogili, U. R. (2019). Optimal path planning of mobile robot using the 

hybrid cuckoo–bat algorithm in assorted environment. International Journal of Intelligent Unmanned Systems, 7(1), 35–52. 

doi:10.1108/IJIUS-07-2018-0021. 

[22] Zhang, Y., Xu, K., Zheng, C., Feng, W., & Xu, G. (2017). Advanced research on information perception technologies of 

intelligent electric vehicles. Chinese Journal of Scientific Instrument, 38(4), 794–805. 

[23] Zhou, A. L., & Wang, D. C. (2018). Analysis of Intelligent Casting and Present Status and Key Technology of Robot Application. 

Zhuzao/Foundry, 67(1), 11–13. 

[24] Scherer, J., & Rinner, B. (2020). Multi-Robot Patrolling with Sensing Idleness and Data Delay Objectives. Journal of Intelligent 

and Robotic Systems: Theory and Applications, 99(3–4), 949–967. doi:10.1007/s10846-020-01156-6. 

[25] Burkhard, N. T., Cutkosky, M. R., & Ryan Steger, J. (2018). Slip Sensing for Intelligent, Improved Grasping and Retraction in 

Robot-Assisted Surgery. IEEE Robotics and Automation Letters, 3(4), 4148–4155. doi:10.1109/LRA.2018.2863360. 

[26] Wang, G., & Zhou, J. (2021). Dynamic robot path planning system using neural network. Journal of Intelligent and Fuzzy 

Systems, 40(2), 3055–3063. doi:10.3233/JIFS-189344. 

[27] Cheng, C., Guo, X., Chen, X., Li, C., & Xiong, H. (2018). Control System Development of Intelligent Robot Based on 

Mindstorms. Journal of Wuhan University of Technology (Transportation Science and Engineering), 42(2), 247–252. 

doi:10.3963/j.issn.2095-3844.2018.02.016. 

[28] Yan, C., Wang, J., Fu, L., Jiang, C., Chen, M., & Ren, Y. (2018). Timing Synchronization and Ranging in Networked UAV-

Aided OFDM Systems. Journal of Communications and Information Networks, 3(4), 45–54. doi:10.1007/s41650-018-0037-y. 

[29] Lee, K. W., & Park, J. K. (2019). Comparison of UAV image and UAV lidar for construction of 3D geospatial information. 

Sensors and Materials, 31(10), 3327–3334. doi:10.18494/SAM.2019.2466. 

[30] Cao, G., Gu, Q., Jiang, Y., Li, Y., Mao, J., Xiu, L., Wang, X., & Jiang, Z. (2019). Current interference of HVDC ground electrode 

to buried pipelines and its personal safety distance. Natural Gas Industry B, 6(5), 427–434. doi:10.1016/j.ngib.2019.03.001. 

[31] Yin, C. P., Zhang, S. T., Dong, Y. W., Ye, Q. W., & Li, Q. (2021). Molecular-dynamics study of multi-pulsed ultrafast laser 

interaction with copper. Advances in Production Engineering and Management, 16(4), 457–472. doi:10.14743/apem2021.4.413. 

[32] Buń, P., Grajewski, D., & Górski, F. (2021). Using augmented reality devices for remote support in manufacturing: A case study 

and analysis. Advances in Production Engineering and Management, 16(4), 418–430. doi:10.14743/APEM2021.4.410. 


