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Abstract—The power communication network is a dedicated 

network that serves various application services of the power 

system, and is the basis for realizing automatic control of the 

power grid, information management, and intelligent power 

grid. Among them, the emergency communication network is 

an important communication means that is indispensable for 

ensuring the safe and stable operation of the power grid [1]. 

Since the UAV (unmanned aerial vehicle) often works in harsh 

environments, the existing data return method is difficult to 

ensure the smoothness of video information transmission, and 

the higher the flying height of the UAV, the farther the 

communication distance, the worse the video transmission 

quality, so research a communication and data backhaul 

method for improving the video transmission quality of a 

cluster UAV has important significance [2, 3]. The purpose of 

this paper is to provide a communication and data backhaul 

method [4] for UAVs within the cluster to improve the video 

transmission quality of the emergency communication network 

of the power system.  
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I.  INTRODUCTION 

With the continuous development of the power 
communication network, the emergency communication 
network has become an indispensable communication means 

to ensure the safe and stable operation of the power grid, and 
the UAV meets the needs of aerial work. [5] Because UAVs 
often work in harsh environments, existing data backhaul 
methods are difficult to ensure the smoothness of video 
information transmission, and the higher the flying height of 
the UAV, the farther the communication distance, the worse 
the video transmission quality, so this paper It is of great 
significance to study a communication and data backhaul 
method to improve the video transmission quality of cluster 
UAVs. [6] The emergency command communication system 
constructed by such a UAV has the characteristics of rapid 
arrival after event or disaster, support for multi-service data 
transmission, long single guarantee time, low operation and 
maintenance cost, etc., which can improve the emergency 
command of power communication network in China. 
Communication capabilities provide a strong guarantee. The 
cluster UAV breaks through the limitations of the technology 
and capability of a single UAV, and uses the self-organizing 
network technology to organize multi-functional UAVs with 
different functions and cooperation, which greatly improves 
the ability of collaborative execution tasks. [7] However, the 
cluster UAV has the characteristics of fast motion, many 
nodes, and frequent changes in topology. The traditional 
planar topology networking is no longer applicable, and a 
clustered network structure should be adopted. It can 
effectively reduce the transmission delay between nodes and 
establish multiple communication paths to improve the 
reliability of the system. [8] The video backhaul technology 
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is realized by using a high-definition camera equipped with a 
high-definition camera and a coded modulation module for 
demodulation and modulation, which can realize video data 
acquisition and instant long-distance transmission. 

II. UAV SELF-ORGANIZING NETWORK TECHNOLOGY 

In view of the problem that the safety and stability of a 
single UAV is not high and the work efficiency is low, the 
present invention uses a cluster-based UAV self-organizing 
network technology, and multiple UAVs form a network to 
improve the endurance and resistance of the UAV. [9] This 
kind of emergency command communication system based 
on UAV construction has the characteristics of rapid arrival 
after event/disaster, support for multi-service data 
transmission, long single guarantee time, low operation and 
maintenance cost, etc., which can improve the emergency of 
power communication network in China. Command 
communication capabilities provide a strong guarantee. 
Clustered UAVs break through the limitations of single 
UAV technology and capabilities, and use self-organizing 
network technology to organize multi-functional UAVs to 
cooperate and greatly enhance the ability and efficiency of 
collaborative execution tasks. 

The routing method in the UAV self-organizing network 
adopts a weighted overlapping clustering method, and each 
cluster includes: an initial cluster head UAV, a common 
cluster head UAV, and a node UAV. [10] The unmanned 
aerial vehicle as the initial cluster head is located at the first 
stage of the cluster, and is responsible for transmitting the 
cluster broadcast, and collecting the video data collected by 
all the UAV nodes in the cluster, and transmitting the data to 
the relay as a relay after the data fusion processing. The man-
machine is then transmitted by the relay UAV to the ground 
data receiving and command dispatch center. The unmanned 
aerial vehicle as a common cluster head is a cluster head 
located at other levels, and is used to receive broadcast 
information from the cluster head UAV of the upper level 
and collect it from the node UAVs in the cluster. Here, [11] a 
node's density coefficient I is defined, indicating the number 
of UAVs contained in each of the divided clusters. The 
threshold value switch_I is set, and the number of the UAVs 
is represented as ΔI. When the value of ΔI is greater than the 
threshold value switch_I, the multi-cluster head overlapped 
clustering method in which the weighting is combined is 
started. If the value of ΔI is less than the threshold switch_I, 
the weighted single cluster head overlapped clustering 
method is started. The difference between the two is that the 
weighted multi-cluster head overlapped clustering method is 
that the first stage in the clustering includes a plurality of 
cluster head UAVs, where the number of cluster head UAVs 
is within the cluster. [12]10% of the total number of UAVs; 
the overlapping single cluster head UAV overlapped 
clustering method includes only one cluster head UAV in the 
first stage of clustering. Specific steps are as follows: 

Step 1: The UAV is clustered. Since the control module 
is installed on the UAV, the location information of the UAV 
can be shared, and the communication radius of the UAV is 
determined. Knowing this information, the area where the 
UAV is active can be divided into several virtual clusters. 

Step 2: Perform the initial cluster head UAV election in 
the virtual cluster into which the UAV is divided. [13] In 
order to select the most stable UAV as the initial cluster head, 
consider the following factors: the difference between the 
number of UAVs within the communication radius R of the 
cluster and the average number of UAVs is  𝑁𝑖 ; The 
difference between the average speed of the adjacent UAVs 
is 𝑉𝑖 ; the remaining power of the UAV is 𝐸𝑖 ; the signal 
transmission power of the UAV is 𝑃𝑖 ; the shortest path 
distance from the UAV to the ground data receiving and 
command and control center is 𝐷𝑖. The weighting parameters 
for the initial cluster head UAV are: 

𝑊𝑖 = 𝑤1𝑁𝑖 + 𝑤2𝑉𝑖 + 𝑤3𝐸𝑖 + 𝑤4𝑃𝑖 + 𝑤5𝐷𝑖           (1) 

here, 𝑤1 > 0, 𝑤2 < 0,𝑤3 > 0 ,𝑤4 > 0, 𝑤5 < 0. 

Calculate the magnitude of the total weight and consider 
the impact of node density. If the multi-cluster head 
overlapped clustering method is combined, the voting weight 
is in the first 10% of the UAV as the initial cluster head; if 
the weighted single cluster head overlapped clustering 
method is started The UAV with the largest voting weight is 
used as the initial cluster head. [14]These initial cluster head 
UAVs are located at the first level of the cluster (Level 1). 

Step 3: The UAV enters the cluster. Includes the 
following sub-steps: 

(1) The UAV that becomes the initial cluster head sends 
a cluster broadcast; 

(2) The other UAVs receive the broadcast from the initial 
cluster head UAV, and the responding UAV is located at the 
second level of the cluster (Level 2), and sends the responses 
in the order of response. Signal to the initial cluster head 
UAV; 

(3) After receiving the response signals, the initial cluster 
head UAV assigns logical addresses (X, Y) to the UAVs in 
the order of response, and notifies the corresponding UAV to 
complete the level 2 address assignment; (X represents a 
logical progression and Y represents the response sequence 
number of the UAV at that level). 

(4) In the Level 2 UAV, use the method of electing the 
initial cluster head in Step 2 to conduct the election of the 
common cluster head, and the elected ordinary cluster head 
UAV as the Level 3 cluster head UAV, according to the 
response sequence. [15]Obtaining the right of the clustered 
broadcast allocated by the initial cluster head UAV and 
sending the clustered broadcast to perform Level 3 
unmanned machine address allocation, if there is a logical 
address, but on the same layer as the UAV that transmits the 
clustered broadcast No response, only the path is recorded to 
the routing table, and the UAVs that are not on the same 
layer respond; if there is no logical address, the UAV 
answers. After receiving the response signal, the ordinary 
cluster head UAV only allocates logical addresses for the 
UAV without the logical address. 

(5) By analogy, Level 4 is obtained in turn, until the 
upper layer of the common cluster head UAV is not 
responded, then all UAV addresses are considered to be 
allocated. 

591



Start

The initial cluster 

head UAV sends a 

cluster broadcast

The node UAV 

receives the 

broadcast and 

responds

The initial cluster 

head UAV receives 

the response signal

Assign logical 

addresses and elect 

ordinary cluster head 

UAVs

Whether the UAV to be 

answered has a logical 

address

Ordinary cluster head 

UAVs send clustered 

broadcasts

The node UAV 

receives the 

broadcast and 

responds

Send a response 

signal

Ordinary cluster head 

UAV receives its 

response signal

Assign logical 

address

Modify the routing 

table

Whether there is a UAV 

response

Divided to the next 

level

Is it on the same level as a 

normal cluster head UAV?

Do not answer only 

send their own 

address

End

No

No

No

Yes

Yes

Yes

 
Figure 1.  UAV clustering process 

Step 4: After each UAV is clustered, cluster maintenance 
is required. This includes deleting and adding UAVs within 
the cluster. Deleting a UAV: When a UAV does not receive 
a broadcast message with cluster head information or the 
cluster head UAV does not receive the periodic broadcast of 
the UAV, it indicates that the UAV is no longer in the cluster 
head The UAV information should be removed from the 
cluster within the maximum communication range of the 
UAV. New UAVs are added to the cluster: The new UAV 
includes the newly added UAVs in the network and UAVs 
that have been deleted by other clusters. When the last UAV 

in a cluster is responded again, it means that a new UAV is 
added to the cluster. 

Step 5: Replace the cluster head UAV. In order to 
improve the life cycle of the network, the replacement of the 
cluster head UAV will not be performed frequently. For 
UAVs that serve as cluster heads, if the energy is insufficient, 
or when a change in the network is detected, in order to 
prevent serious adverse consequences (such as data loss), it 
is necessary to replace them in time. 
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Figure 2.  UAV self-organizing network process 

TABLE I.  ROUTING TABLE 

 0 1 2 … j … n 

0 𝐴00 𝐴01 𝐴02 … 𝐴0𝑗 … 𝐴0𝑛 

1 𝐴10 𝐴11 𝐴12 … 𝐴1𝑗  … 𝐴1𝑛 

2 𝐴20 𝐴21 𝐴22 … 𝐴2𝑗 … 𝐴2𝑛 

… … … … … … … … 

i 𝐴𝑖0 𝐴𝑖1 𝐴𝑖2 … 𝐴𝑖𝑗  𝐴𝑖𝑛 

… … … … … … … … 

n 𝐴𝑛0 𝐴𝑛1 𝐴𝑛2 … 𝐴𝑛𝑗 … 𝐴𝑛𝑛 
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III. VIDEO BACKHAUL TECHNOLOGY 
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Figure 3.  UAV video backhaul process 

In this paper, the initial cluster head is used as the relay 
UAV for video data backhaul, which includes the following 
steps: 

1. The UAV uses a high-definition camera to capture 
video information. 

2. After the video information collected by the UAV HD 
camera is compressed and encoded by the code modulation 
module, the UAVs of each node send the video information 
to the common cluster head UAV, and the common cluster 
head UAVs The video information is passed to the cluster 
head UAV above it, and so on, until the initial cluster head in 
Leve l is aggregated to all the video information. 

3. When there are multiple initial cluster heads, compare 
the weights of the initial cluster head UAVs in the network, 
and select the initial cluster head UAV with the largest 
weight as the relay node UAV.  

4. The UAV selected as the relay node summarizes the 
video packets of the other initial cluster head UAVs and 
sends them to the ground data receiving and command and 
control center. 

The method not only optimizes the routing method, but 
also improves the working efficiency and stability of the 
UAV to a certain extent, and improves the data transmission 
quality and transmission rate. 

IV. CONCLUSION 

The adopted routing method of the UAV ad hoc network 
is a method of combining the weighted overlapping 
clustering method, and the cluster head is elected by the 
weighting method. When the UAV is dense, the cluster 
contains multiple initial cluster heads, and conversely there 
is only one initial cluster head. At the same time, the method 
of intra-cluster grading is adopted. In each stage, a common 
cluster head is selected to collect video data packets from the 
node UAV, and is aggregated to the initial cluster head UAV, 
and then transmitted to the initial cluster head UAV. Come 
out as a relay UAV. It is transmitted by the relay UAV to the 
ground data receiving and control center. Not only the 
routing method is optimized, but also the working efficiency 
and stability of the UAV are improved to some extent, and 
the transmission quality and transmission rate are improved 
during data transmission. 
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