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In this paper, we consider the version of network coding (COPE-like), that allow compressing data for
more effective usage of the wireless medium. We discuss the possibility of its application in the net-
works of Unmanned Aerial Vehicles (UAV) — Flying Ad hoc Networks. We have carried out an emu-
lation of the network coding usage and analyzed its results.
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INTRODUCTION

Wireless networks assume using common medium for data transmission between the
nodes. Multiple access methods such as TDMA, FDMA and CDMA are used to access the
transmission medium. In this case, each node hears all messages in the network but drops
ones addressed to the other nodes.

Network coding (NC) is a spectral efficient aid to multicasting [1-7]. COPE-like NC [8]
makes it possible to reduce the ineffective use of the transmission medium by compressing
two packets transmitted on the network into one. The principle of COPE-like network coding
is shown in Figure 1. Node A sends packets to node C and node C sends packets to node A.
Node B is a NC-enabled relay. Using COPE-like NC we need only 3 timeslots instead of
4 timeslots in traditional approach.

Network coding in this form (COPE-like) can be used in Unmanned Aerial Vehicles
(UAV) networks (Flying Ad hoc Networks, FANETSs) for efficient data transmission using
intermediate nodes (drones) [9—10]. In our previous articles we estimated efficiency of data
delivery in FANETSs using simulation setup with and without COPE-like Network Coding
[11-12]. The following sections consider the emulation of an UAV network of three nodes
and analyze the results and prospects of using network coding in them.
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Figure 1. The principle of COPE-like network coding

EMULATION DETAILS

Network emulation scheme with the Ubuntu (Linux) virtual machines that are physically
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connected through the discrete-event network simulator for Internet systems called ns-3 was
chosen as a testbed for network coding. The advantages of the presented solution are that the
use of virtual machines instead of simulated nodes brings results closer to reality, and since
the transmission medium itself is a simulation, we can implement any network topology, the
movement of nodes in it, the standard of wireless data transmission and the model of trans-
mission errors. Figure 2 shows the scheme and the used stack.
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Figure 2. Emulation scheme
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Nodes in the scheme are implemented as virtual machines running OS Ubuntu 16.04
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(Linux) with a pre-installed package B.A.T.M.A.N. [13][14] that contains the network coding
algorithm. We used GStreamer package to transmit 60 seconds long video file as RTP traftic
between nodes. This protocol provides the ability to determine transmission losses based on

packet headers.
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Medium simulation details

The mentioned virtual machines are physically connected through a simulator ns-3. We
used 802.11ac wireless standard, “OFDM Rate 54 Mbps” signal propagation model and Con-
stant Rate Wi-Fi error model as physical layer of the transmission. We also disabled channel
layer frame retransmissions to see more realistic picture of losses.

STATIC NODES SCHEME

Firstly, we consider the topology of the network with three static nodes located 50 meters
apart. It is shown in Figure 3. The communication between nodes A and C is carried out
through the relay node B. Nodes A and C transmit data each other.

Figure 3. Static nodes schem

Data transmission was carried out using the network coding algorithm and without it. We
tested influence of the bitrate on the transmission quality in this scheme. Data is transmitted
on rates 1.25, 2 and 5 Mbps. The results are shown in Figure 4.
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Figure 4. Results for static relay node scheme:
the dependence of the PDR on bitrate (a); the dependence of the coding gain on bitrate ()

We can estimate the transmission quality by comparing Packet Delivery Ratio (PDR). It
is simple metric defined as a ratio of the number of delivered packets to the total number of
sent packets:

PDR = E, (1)
SP
where PDR is Packet Delivery Ratio, DP is the count of delivered packets and SP is the total
count of sent packets.

On the other hand, [ 15] introduces the concept of “coding gain” to measure the advantage
of network coding. It is the ratio of the number of transmitted packets without applying net-
work coding to the number of packets transmitted in the network using it:
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where CG is coding gain, S is the number of transmitted packets without use of network cod-
ing and S, is the number of transmitted packets using it.

No data loss occurs when data is transmitted at 1.25 Mbps. Network coding gives a slight
advantage at data delivery with 2 Mbps rate. However, it is inferior to data transfer without
the use of network coding at 5 Mbps. The degradation of the packet delivery ratio with the
high-speed data transmission can be explained by the fact that due to the peculiarities of im-
plementing network coding in the B.A.T.M.A.N., the buffer gets overflowed quickly at the
relay node and packets are beginning to be dropped.

Obviously, the higher is coding gain, the more efficient we use the transmission medium.
Figure 4 (b) shows a graph of the dependence of the “coding gain” on the bitrate on the relay
node. We can see that the relay node uses the transmission medium up to 150 % more effi-
ciently when using network coding.

MOBILE RELAY NODE SCHEME

Figure 5 shows the second scheme. There are two fixed nodes located at a distance of X
meters from each other, and the relay node that circulates between them at a speed of 35 m/s,
along a circle with a radius of X/4 meters, centered at the point X/2 meters.
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Figure 5. Mobile relay node scheme

As in the first case, video data is transmitted simultaneously from node A to node C and
backwards. PDR and CG metrics are measured depending on the distance X.

As the distance between nodes and the radius of circulation of the relay node are grow-
ing, the quality of data transmission naturally decreases. Particularly nodes A and C are with-
in line of sight at X equal to 60 meters so the relay node is not used for transmission. And the
connection is completely lost with the range of 120 meters.

Since the transmission losses may vary in a high range it would be obviously to measure
coding gain relative to the number of delivered packets:

S PDR,
CCron =5 R

nc

3)
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where CGppr — 1s the coding gain relative to the number of delivered packets, PDR is the
packet delivery ratio without using coding gain and PDR,, is the packet delivery ratio using
coding gain. Figure 6 depicts the dependencies of the PDR and the coding gain relative to
PDR from the distance X between nodes A and C using network coding and without it.
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Figure 6. Results for mobile relay node scheme:
PDR — distance dependence (a); CGppy — distance dependence (b)

PDR is reduced by an average of 9.5 % with the use of network coding. This can be at-
tributed to the fact that B.A.T.M.A.N. uses long message storage buffers for network coding
and the search takes relatively long time therefore the quality of the transmission becomes
worse in mobility conditions. Meanwhile Figure 6 (b) shows that the coding gain is also re-
tained for the mobile scheme. The wireless medium is used at 5-70 % more efficiently de-
pending on the distance using network coding. Degrading of the coding gain with the high
range between the nodes as well as PDR is associated with increased delays.

CONCLUSION

According to the results of real-time emulation, we can say that network coding is a pow-
erful tool that allows using the transmission medium resources more efficient. It is especially
important in wireless networks. Real-time network emulation with the mobile relay node
shows that network coding has the potential for both static topologies and mobile ones. Net-
work coding reduces amount of the transmitted packets in network for 5-70 % depending on
transmission reliability. However, we should take into account that the larger message buffers
for decoding, the longer delays searching for the desired message. In the future work it is nec-
essary to find a balance between the permissible delays and the efficiency of data compression.

The reported study was funded by RFBR according to the research project Ne 18-37-00218 mol_a.
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