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Abstract. Aiming at the special circumstance in which UAVs swarm are used in the mode of
battlefield extending, a message delivery scheme called AWJPMMD (ARIMA-WNN Joint
Prediction Model based Message Delivery) is proposed. In this scheme, the LET (Link Expiration
Time) of the center node and the proxy node is calculated by high precision GPS information, then
the LET at next moment is predicted by ARIMA-WNN (Autoregressive Integrated Moving Average
model - Wavelet Neural Network) Joint Prediction Model. Finally, the process of message delivery is
affected by the predicted value of LET and other parameters. The target information is sent to the
UAVs ground station in form of store-and-forward by the message delivery process. Simulation
shows that this scheme can provide higher message delivery ratio and this scheme is more stable.

1. Introduction

As we all know, UAVs (unmanned aerial vehicles) can carry out reconnaissance surveillance of
single targets, so as to obtain intelligence data for the rear ground station [1-4]. When the distance
between the rear UAV ground station and the target exceeds the maximum communication radius of
the UAV, a common coping method is to construct a multi-UAV relay communication network to
transmit reconnaissance data.

However, there is a situation in reality that the target is found by the UAV formation when it is too
far from the UAV ground station, or because the target movement makes it too large for the UAV
ground station. UAV clusters form the largest relay chain network (the distance between nodes and
nodes is already the maximum communication radius) still cannot reach the target. If the unmanned
aerial vehicle cluster is forced to form a linear formation between the target and the ground station
(the distance between nodes exceeds the maximum communication radius), the effective
communication of each node cannot be guaranteed, resulting in the fact that the reconnaissance
surveillance data cannot be returned to the ground station, It is very detrimental to the rear decision.

Therefore, we propose a message delivery scheme AWIJPMMD(ARIMA-WNN Joint Prediction
Model based Message Delivery) based on ARIMA-WNN joint forecasting model. The AWJPMMD
strategy is based on the ESF (Enhanced Store-and-Forward) algorithm and is a storage-forwarding
message delivery strategy. Since the target is mobile and the location is unpredictable, the UAV
cluster performs the search task first, and then performs the trace message delivery task. The
AWJIPMMD strategy enables effective reconnaissance of the target in the event that the target is too
far from the UAV ground station, effectively transmitting the reconnaissance surveillance
information.

2. The Search Process of UAV Cluster

In this paper, HELLO messages will be used to identify information about adjacent UAVSs. The
HELLO message contains the ID of the current UAV and the information provided by the current
UAYV GPS, and each UAV can broadcast the message periodically. The data packet mainly includes
reconnaissance and monitoring of the target information and the GPS information of the central node.
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In order to achieve long-range target search and tracking, we assume that the UAV cluster in the
search and tracking process to maintain a linear formation. In the search for a single target, the first
discovered UAV will become the central node. Of course, the first to find the target may be more than
one UAV, in order to quickly determine the center node and complete the search process, we use the
UAV cluster single target search and node deployment algorithm, which is proposed by the literature

[5].

3. AWJPMMD Scheme

In the single-target tracking process, the central node must maintain a certain distance from the
target in order to effectively track the target and capture the target information, we assume that as
long as the target in the central node communication range, the central node will be able to identify
and obtain information. When the search process for the target is completed, the first UAV near the
center node is treated as a proxy node, mainly for the forwarding of information. The proxy node and
the central node can be kept within the communication range. At the same time, the proxy node
should be as close as possible to the center node in order to monitor the location of the center node.
The center node tracks the target in real time and is consistent with the speed of the target. The
distance between the other nodes is equal, expressed as

L—d

D N1 1)

Where D is the distance between the other nodes; L is the distance from the center node to the UAV
ground station; N is the number of UAVSs. Because the target is constantly moving, so D is not
constant, each node can be through the UAV ground station and the central node of the current
coordinate information, according to formula (1) to calculate the node should be in the location
coordinates, dynamically changing the location of this node.

According to the hypothesis of this paper, the target is moving too far from the ground station, so
that D is beyond the communication range of each node, reconnaissance information of the target
cannot be returned to the ground station. In this paper, we first propose a LET (Link Expiration Time)
estimation and ARIMA-WNN joint prediction model based on high-precision GPS information, and
then integrate them into the algorithm to solve the problem effectively.

3.1 Link Expiration Time Estimation Based on High Accuracy GPS Information

Because GPS has positioning error (the error for the node position adjustment is tolerable), If you
use the node location information in the HELLO message to estimate the LET between the central
node and the agent node, it is very easy to introduce the positioning error, which affects the effective
execution of the subsequent message delivery strategy.

In [6], the relative moving speed between the aircraft nodes is calculated by using the Doppler shift
of the two continuously transmitted HELLO messages, and finally the LET is estimated. Although
the method of [6] can estimate the more accurate LET, but in its message delivery strategy, the
indicators used not only LET, as well as the central node in a HELLO message cycle movement
distance J,, (The distance is the absolute distance, need to use the GPS information). J,, can

introduce GPS positioning errors into it, adversely affecting message delivery strategies.

The use of high-precision GPS location information is an effective way to solve these problems.
And the LET between the central node and the agent node can also be calculated with high accuracy
GPS information. We use data fusion method to produce high-precision GPS information. Data
fusion mainly uses the extended Kalman filter EKF, the specific operation process is described in
[7-9].

The process of calculating the LET between the central node and the proxy node using high
precision GPS information is

_ —(ab+cd)++/(a+c?)r? —(ad —bc)’
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a=V,c0s6, -V, cos, ©)
b=x-x, (4)
c=v,;sing —v,;sing, (5)
d=y -y, (6)

3.2 ARIMA-WNN Joint Forecasting Model

The estimation of the LET is only an estimate of the current time. If a certain prediction mechanism
can be used to predict the LET at the next time, the whole UAV cluster network will have some
predictability.

Firstly, the linear part of LET time series is modeled by ARIMA model, and the prediction result
I; is obtained. The residual of the predicted result and the original LET time series implies the

non-linearity of the LET time series. Then, this part of the residuals are substituted into the WNN
model. The model predicts the nonlinear characteristics of the LET time series by constantly

correcting the connection weights and thresholds between the neurons and predicts the resultsljt.

Finally, the two parts of the forecast results are added, that is, the next time LET .
3.3 Message Delivery Scheme

In this strategy, the central node is mainly responsible for tracking the target, need to keep a close
distance with the target and the speed is consistent to the target. The central node broadcasts HELLO
messages at certain intervals. The central node transmits the currently acquired target information,
and the target information is sent in a certain period and is updated in real time.

The proxy node is the sender of the central node information, unlike any other node. The proxy
node needs to be close to the central node in order to indirectly track the target. In this paper, the
distance between the two nodes is set at 10m. When the proxy node receives the HELLO message of
the central node, the node will calculate the LET according to the high precision GPS information and
use the ARIMA-WNN model to predict the LET at the next time. When Let is greater than a constant,
the link is considered stable, and the message can be delivered. At the same time, other nodes in the
message delivery process will adjust the position of the node according to the coordinates of the
center node to adapt to the target movement. On the contrary, when the link is in an unstable state,
there are two strategies: When the center node moves in a message cycle more than a certain value,
then it means that the target movement speed is too fast, we need to immediately adjust the location of
all nodes, while sending the information to the station; On the contrary, the target movement is not
very fast, then only need to adjust the location of the agent node, in a short time to restore the link
stability, so as to restore the message delivery. When the proxy node returns, it only needs to return to
the original coordinates.

The other node judges whether it is the recipient of the information or the sender according to the
HELLO message and reliably accepts or transmits the target information.

4. Simulations

In the simulation scenario, 6 to 10 UAVs are located in the 4000m * 4000m area, the initial
coordinates of the target is (0, 2000), the minimum speed is 0.1m / s, the maximum speed is 7m/ s.
The direction of movement of the target is random, but its scope of activity is limited to 300m. The
coordinate of the UAV ground station is (0,0). The maximum speed of all UAVs is limited to 15, 20,
and 25 m/ s, respectively, with a maximum communication radius of 200 m. Each simulation time is
600s, a total of 30 simulations, all the results are the average of the simulation. The simulation
software used in this paper is NS-2.

In this paper, we select the SF algorithm [5], ESF algorithm [6], RRS algorithm [2] and
AWJPMMD strategy to compare the message delivery ratio.

Figure 1 shows the difference in the ratio of message delivery among the four strategies in different
time periods under 10 UAVs and their moving speed is 20 m / s. The message delivery ratio of the
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AWJPMMD strategy is higher than that of the other three algorithms over the entire time period,
which fully demonstrates the stability of the strategy in terms of message delivery ratio.
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Figure 1 Comparison of data packet delivery ratio at different times
Figure 2 shows the difference in the ratio of message delivery among the four strategies in different
UAV number and their moving speed is 20 m/s. The AWJPMMD strategy maintains a high message
delivery success rate in the number of different UAV deployments, which is inseparable from the
joint forecasting mechanism of the AWJPMMD strategy. From a simple algorithm, increasing the
number of UAV deployments can improve the success rate of message delivery.
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Figure 2 Comparison of the data packet delivery ratio for different UAV numbers

5. Conclusion

AWJPMMD scheme first calculates the LET between the central node and the proxy node
according to the high precision GPS information, and then predicts the next time the LET according
to the ARIMA-WNN joint prediction model. Finally, carrying out the message delivery process
according to the predicted value of LET and other parameters, so that the target information is
transmitted to the UAV ground station in the form of storage - forwarding. The simulation results
show that the AWJPMMD scheme can provide higher data packet delivery ratio and better stability

than the other three schemes.
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