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ABSTRACT 

This paper focuses on establishing a reliable high-

bandwidth and low-latency communication system over 

transmission lines to support the application of remote 

real-time video monitoring and unmanned aerial vehicle 

(UAV) motion control in daily operation and maintenance 

of power lines. The established communication system 

enables the real-time video data transmission of UAV 

through image transmission module and the real-time data 

storage and processing at the remote work stations. 

Furthermore, the remote work station could deliver 

control orders and instructions to UAV and operating 

robots through the communication system, e.g., the UAV 

control signals through S-bus protocol and motor motion 

driven by the flight control system, to achieve various 

operation and maintenance work. 

INTRODUCTION 

In current grid, daily operation and maintenance of the 
massive number of power transmission lines are mainly 
carried out manually, i.e., manual participation in fault 
detection, identification and handling, etc. Due to the rapid 
development and application of Unmanned Aerial Vehicle 
(UAV), the tedious work of daily patrol of transmission 
lines are gradually adopting the technology of visible 
camera, infrared camera and laser radar to solve the 
problem of visual inspection. Through hanging the remote-
controlled UAV carrying operating robots to transmission 
lines, much of the conventionally labor-consuming manual 
work such as insulator cleaning and bolt fastening could 
be remotely accomplished. 
Ref. [1-4] researched on the UAV inspection system for 
intelligent inspection of substation or power transmission 
line, and the experimental results show that the intelligent 
inspection of UAV has small time consuming, high 
precision and practical application value. 
Ref. [5-7] studied the mechanism of UAV and applied it to 

the inspection of the transmission line to realize the 
autonomous flight of the unmanned aerial vehicle and to 
improve the inspection efficiency. 
For the demand of real-time image transmission and 
operation control for power line inspection, this paper 
proposes a reliable high-bandwidth and low-latency 
communication system over transmission lines to support 
the application of remote real-time video monitoring and 
UAV motion control in daily operation and maintenance 
of power transmission lines. The advantages are as follows: 
(1) The real-time video data can be returned by the UAV 
on the transmission line. (2) The live video image of the 
working site of the UAV can be remotely saved in real time. 
(3) The control signal can be remotely dispatched to the 
UAV, which drive the motor motion through the flight 
control system. (4) As a whole, remote real-time video 
surveillance and UAV motion control functions of the 
transmission line can be reached. 

PROBLEMS AND CHALLENGES 

Due to the development and application of UAV 

technology, daily inspections of transmission lines are 

gradually adopting UAV, equipped with visible light 

cameras, infrared cameras, laser radars and other 

technologies, to solve the problem of visualization of the 

inspection process. On the transmission line, there are still 

some situations that require manual work. The operating 

robot cooperated with UAV can be hung on the 

transmission line and remotely controlled to complete 

some tasks that require manual operations, such as 

cleaning the insulators, tighten the bolts, etc. The UAV is 

usually remotely controlled, the video captured by the 

UAV is temporarily saved locally by the camera and then 

manually exported to the computer for long-term storage. 

Based on the ideas above , this paper proposes the solution 

to the remote image transmission and target control 

functions of the operating robot cooperated with the UAV 

via the communication system.

Fig.1 Illustration of the architecture and application of proposed system
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The proposed communication system over power 

transmission lines and its application scenario are 

illustrated in Fig.1. 

The proposed solution is consisted of four steps: 

1. Set up a WIFI-based remote data return channel on 

the transmission line. 

The project will adopt a dual-band wireless bridge, 

combined with wired network hybrid networking 

technology, to construct a communication network for the 

transmission line.  

A dual-band wireless bridge, with two WiFi bands that are 

free of application for 2.4G and 5.8G, is deployed on the 

transmission tower of the transmission line. One of the 

frequency bands is used as a wireless bridge to carry data 

backhaul while the other one as AP function to receive 

image and control data of the UAV. Two bridge devices 

are deployed on each tower and connected via gigabit 

Ethernet. The bridge device uses a directional antenna with 

a reference coverage of 5-10 km while the omnidirectional 

antenna covers a range of 1-2 km. 

 

 
 

Fig.2 Illustration of the transmission tower with a dual-band 

wireless bridge 

 

 

Fig.3 Illustration of the mechanism of the substation with a bridge device 

 

A bridge device, as shown in Fig.2 and Fig.3, is 

deployed at the substation to receive the bridge 

backhaul data from the nearest tower and then accesses 

the optical communication network in the substation via 

gigabit Ethernet and finally accesses the remote control 

center. An AC controller is deployed in the remote 

control center to control the APs of the wireless bridges 

on the whole line to enable the UAV to roam seamlessly 

while crossing the boundaries of the two APs. 

According to the above network structure design, the 

end-to-end transmission bandwidth of the whole system 

is actually determined by the wireless bridging 

performance of the two bridges. On an iron tower, the 

back-to-back bridges are wired together via gigabit 

Ethernet, so is the remote network. Therefore, the 

bandwidth and latency of a pair of wireless bridges 

determine the performance and throughput of the entire 

network. 

The wireless bridge adopts dual-band WIFI of 2.4G and 

5.8G, and can be configured on site or remotely 

according to the UAV or other operation terminals on 

the spot. (Note: Since the frequency of selected onboard 

equipment is 5.8G, the wireless bridge uses 2.4G as the 

return channel.) 

When the close-range maximum speed of the wireless 

bridge is able to reach about 800Mbps, then it may reach 

100Mbps at the distance within 5km and 50Mbps at the 

distance within 10km. Adopting QoS optimization 

technology, the wireless backhaul delay of a pair of 

bridges is a minimum of about 5ms, and the 

bidirectional packet loss is almost zero. The back-to-

back bridge of the same tower has a latency of less than 

1ms for gigabit Ethernet and a bidirectional packet loss 

of almost zero. Thus, the delay generated by each bridge 

is less than 6ms, the bandwidth and delay of the multi-

hop network are predictable. When the dedicated QoS 

optimization technique is not used, the delay of wireless 

backhaul of each pair of bridges is nearly 20-30ms. 

Therefore, the delay and bandwidth of the multi-hop 

wireless bridge can be effectively guaranteed on the 
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transmission line. Under this network structure, the 

delay of remote data transmission is confirmable and 

predictable. In this way, apart from ensuring video 

transmission, the network can also carry real-time 

control services for UAV and operating robots. 

2. UAV real-time image compression and 

transmission. 

UAV are equipped with visible light cameras for image 

and video capture. The HD video camera outputs the 

video signal to the remote image transmitting device 

through the HDMI interface. And then the original 

video signal is processed by the image transmitting 

device into a video stream of a specific format. Finally, 

the video is transmitted to the receiving end via a certain 

network protocol by the network system of the image 

transmitting device, as shown in Fig.4. 

 

Fig.4 Illustration of UAV equipped with visible light cameras 

There are two main problems that need to be solved for 

the remote image transmission. One is the conversion of 

HDMI original video signal to a specific video format, 

that is, video encoding. The other is to transmit the 

encoded video to a remote receiving device with a 

certain network transmission protocol. In order to 

reduce the pressure of network data transmission, video 

compression adopts the relatively high compression 

ratio format of H264 or H265. The standard protocol for 

online video transmission can use MMS, RTP, RTSP, 

HTTP and other protocols to achieve the minimum 

delay of video by adjusting the parameters such as the 

buffer of the transmission process. 

The image transmission device accesses the 

communication system on the transmission line through 

WIFI and establishes a TCP server to listen to a specific 

port. The remote control center connects to the TCP 

server through specific software to request video stream 

transmission. 

3. Remote image receiving and storage. 

According to the foregoing, real-time video 

transmission and TCP server channels are established 

on the image transmission device of the UAV. 

Remotely, through the above communication system, 

the TCP client is used to access the TCP server on the 

UAV by using the software on the PC. The video stream 

is acquired according to the corresponding video 

transmission protocol, and then decoded and played, 

and the video stream is simultaneously stored to a file 

according to the time, which is usually saved as a 

separate file per hour. 

4. Operating robot remote control. 

The operation control of the UAV is realized by the 

flight control system, which has an S-Bus receiving 

channel. Through the S-Bus protocol analysis, the 

corresponding control channel is converted to PWM 

control motor rotation, thereby driving the 

corresponding action device to perform the operation. 

The left, right and back side view of the control module 

is illustrated in Fig.5-7, respectively. 

 

Fig.5 Left side view of the control module 

 

Fig.6 Right side view of the control module 

 

Fig.7 Back side view of the control module 

The front and side view of the control terminal is 

illustrated in Fig.7 and Fig.8, respectively. 

 

Fig.8 Front view of the control terminal 
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Fig.9 Side view of the control terminal 

In this way, in the image transmission module of the 

UAV, which has a serial communication interface and 

the physical layer conforms to the S-Bus physical layer 

standard, a TCP Sever is established to receive the 

remote control data. 

 
Fig.10 Flight control test 1 

 

 
Fig.11 Flight control test 2 

 

The remote control software establishes a connection 

with the TCP Server of the remote image transmitting 

device through the TCP Client, and then simulates the 

motion data of the multiple channels, and transmits the 

motion data to the image transmission module. The 

module sends data to the flight control module from the 

serial port and realizes the real-time delivery of the 

remote control command. The relevant test and user 

interface are illustrated in Fig.10-12. 

 
Fig.12 The remote control software 

 

CONCLUSION 

The proposed communication system architecture and 

its application in the daily operation and maintenance of 

power transmission lines changes the conventional 

mode of power line patrol, i.e., data stored by manual 

record or in local UAV, which is labor- and time-

consuming and seriously limits the real-time data 

processing and optimization for work enhancements. 

The contributions of this paper are:  

1. The proposed power line patrol mode could achieve 

more precise UAV control through the utilization of 

superior resolution of the UAV video image and the 

large screen at the remote work stations, overcoming the 

difficulties and inaccuracies in the process of data 

interpretation in conventional patrol mode dependent on 

eye-sight check or the small local UAV controller 

screen. 

2. The proposed system establishes a new model of 

power line patrol by utilizing UAV and intelligent data 

analysis, i.e., transmitting the real-time video image 

data to remote work stations and using intelligent data 

processing algorithms to assist the operation and 

maintenance.  
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