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Abstract—Internet era in the context of increasing popularity
of mobile terminals, network video browsing has become an
indispensable feature of wireless terminals. However, in order
to improve the reliability of video multicast, this paper
increases the gain system from the overlapping access points in
the coverage area, because of the low reliability of the inter-
link interference between the wireless networks. Improve the
fairness of the system, and propose and design a multi-point
broadcast scheme based on network coding and multi-access
point collaboration. The program will first divide each video
segment into the same segment and divide the access point
completely and not completely interfere with the two models.
The video multicast problem when the transmission range
between the access points is overlapped is modeled as Linear
programming optimization problem, a two-stage heuristic
algorithm is designed to solve the problem. By using multiple
access points to get the gain of space and time diversity, the
reliability of data transmission is improved, and data is
transmitted in parallel by allowing access points that interfere
with , To improve the system utility. Finally, the simulation
experiment is used to verify the validity of the number of
packets to be decoded, the total amount of packets received
and the fairness.
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l. INTRODUCTION

With the rapid development of mobile devices such as
tablets and smart phones, the popularity of mobile devices
continues to increase. Watching video via the Internet is
becoming an important feature of these devices. Recent
studies have shown that [1], the main data flow on the
Internet is the multimedia data stream. For example,
YouTube and Netflix traffic in the overall share of the
Internet traffic reached 20-30%. Because of the low link
reliability of wireless network, it will have a great impact on
the video quality received by the user, so it is significant to
study the reliability of video data stream transmission [2].

At present, the most common method of video data
transmission reliability is the message feedback mechanism,
the automatic repeat request (Automatic Repeat reQuest,
ARQ) is the most commonly used [3]. In order to reduce the
overhead of ARQ message, the [4-6] method is proposed by
combining Hybrid-ARQ with erasure code and ARQ. But in
general, all of the methods using feedback packets can lead
to additional costs and increase the energy consumption of
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nodes. In addition, the feedback mechanism is not feasible
for some applications. For example, in multicast applications,
the cost of deploying a feedback mechanism is high, because
it is a waste of time to transmit a feedback message to each
receiver. The use of random linear network coding [7]
(Random Linear Network Coding, RLNC) and fountain code
[8], such as network coding without feedback packets which
can improve the reliability of data transmission. For example,
the RLNC method uses the random coefficient to fuse the
original message, the destination node receives a sufficient
number of encoded messages and decodes the encoded
messages. Thus, the source node does not need to know what
the destination node is missing.

Il.  SYSTEM MODEL

A. Setting and objectives

It is assumed that the video server in the research
environment sends the video stream to an M adjacent WiFi
access point, and then transmits to the wireless users such as
smart phone, tablet and desktop. Suppose the access point is
connected to the video server via a wired link. The reliability
of these wired links is high, so it will not become the
bottleneck of data transmission. Thus, we can further assume
that the video message at the access point can be transmitted
to the user at any time. In this paper, the system model and
the labeling method are shown in Figure 1, respectively.
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Figure 1. System model

When the data is transmitted by wireless link, some of
the destination node may lose the transmitted video message.

We show % the probability of deletion of the link between

the access points ! to ) and the access points to J. Each
access point has a circular coverage area. In addition, the
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overlap region of WiFi access points may overlap with each
other. As a result, these WiFi devices will interfere with each
other, and if the access point transmits the message at the
same time, then the user node located in the overlap region
will not be able to receive the message correctly. The
purpose of this paper is to improve the fairness of the video
multicast to the user by properly scheduling access points.
Specifically, we want to maximize the expected value of the
number of messages received by the user.

B. Interference model [5] [6]

In this paper, we consider two kinds of interference
models: complete interference and incomplete interference
between access po(1) complete interference graph: in this
model, each access point interferes with all other access
points. In other words, the interference graph is a complete
graph. In order to avoid interference between the access
points when the interference graph is complete, the access
point can not be scheduled at the same time.

Il.  SCHEME

A. Video coding

improve the reliability of data transmission in the absence
of feedback packets, the RLNC mechanism is adopted in this
paper. First, each video is divided into the same size packets.
Then, we use RLNC to encode the packets of each segment.
Figure 2 (a) in the video is divided into multiple message
segments, figure 2 (b) gives the original video encoding
message. For simplicity, we do not show a factor in the

graph. For example, the graphic P*P2* Ps* Pijs expressed

GPABP AP+ AR, 55 K tg P4 3 random  coefficient.
Therefore, the encoded messages of each segment in Figure
2 are not the same. The coding process is carried out on the
video server, and the coded message is transmitted to the
access point through a high reliability wired link.

e
—_—
P I Ps 1 D1+Pr+P3+Ps Ps+Pe+PrPa) on |
pe L py Tl @ES | PutD2APa P PSPt Ds,|
& Pz J_Ps_ e | WS PITERTESTEG FSTEETIT TS (el
> p | BB (PP PP P
NN [ P1HRz+P3 0y Ps"‘?’s"‘]”?*?’a:m
e e =

(a) RIS B (b) BARAMIRLNC

Figure 2. Network coding mechanism

B.  Access point scheduling algorithm under complete

interference graph [7] [8] [9]

The goal of this paper is to achieve fair scheduling by
maximizing the expected value of the number of messages
received by the user. In other words, we want to maximize
the number of messages received at each access point. As
shown in the following section, the problem of solving the
above problem can be solved in polynomial time when the
data transmission range of the access point is not overlapped.
Conversely, if the scheduling of a WiFi access point overlaps,
I It may exist the number of parallel transmissions. Therefore,
the time complexity of this scheduling is very large. To this
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point, we propose a two-phase scheduling algorithm for
access points. In the first stage, we use linear programming
optimization theory to determine the optimal scheduling
scheme when the access point does not overlap. Then in the
second stage, we use the results of the first phase as the
initial solution, and then allow the interference of the access
points to a certain degree of parallel transmission, which
aims at improving the overall utility. In the second stage, we
use linear programming theory to determine the parallel
transmission scheme which can improve the overall utility.
1) phase 1 (no overlapping scheduling scheme): we
obtain the basic solution of the problem at this stage, and
does not allow access to parallel transmission. The optimal
scheduling scheme is obtained by solving the following

linear programming problem  without transmission
overlapping:

max Yy 1)

st D x, <1
B @

L= > b-x(1-¢;),vieU

jec(i) (3)
y<r,VieU @)

We show that the access point can be represented as a
time proportional to the data transmission. The main
constraint of this scheduling is that the access point can not
transmit data at the same time. Thus, the sum of the time
allocated to the access point shall not exceed 1, as shown in
the constraint (2). We represents the transmission bandwidth
of the access point as B. Therefore, if the user is located
within the transmission range of the access point, the number
of messages received by the user from the access point is

b=, (1 O“). . Since we do not allow parallel transmission,
the total expected value of a message received by a user is
equal to the sum of the expected value of the number of
messages received by the user from the point of access to the
user. The constraint (3) calculates the total expected value of
the message received by each user. Constraint (4) is fairness
constraint which represents the total expected value of the
message received by the user. In order to achieve fair
scheduling, the number of messages received by the user
should be close to the expected value. Therefore, we do not
maximize the expected value of the total amount received by
users , but maximize the minimum expected value. To this
point
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C. Access point scheduling algorithm under the condition
of incomplete interference graph [9]

There is no interference between nodes in the
interference graph. According to graph theory, we need to
find the maximum independent set at the same time.
However, the determination of the maximum independent set
is a NP problem [11]. So we will search for maximal
independent sets instead of maximal independent sets. A
maximal independent set is an independent set that is no
longer an independent set when the other nodes are added to

the collection. For an |S| independent set of overlapping

scheduling, there may be a 21 parallel transmission. Thus,
the time complexity of the scheduling problem is very
similar to that of the complete interference graph. In this
paper, a 3 stage algorithm is used to schedule the access
points under the condition of incomplete interference graph,
and the time complexity is low.

1) phase 1 (finding the maximal independent set): we
first construct the interference graph of the access point. We
use the nodes in the interference graph to represent each
access point. If the node of a two node is isturbed, the two
nodes are connected. In order to avoid interference between
access points, we can only allow some nodes that do not
interfere with the simultaneous transmission of data. A
common scheduling method is to use large independent sets
that can be determined in polynomial time, rather than the
largest independent set.

Detection algorithm of Maximum independent Set is
shown in algorithm 2. In this algorithm, the B UN marked
access points are put into the set A . In order to determine the

independent set, the algorithm searches for the smallest node
in each iteration, and puts it into an independent set. Then,

the algorithm removes the adjacent nodes J from the set and
marks the nodes. Repeat the process until the collection is
empty. After an independent set is determined, all the nodes
in the independent set are marked in the collection. Then, the
non tagged nodes are added to the collection, and then run
the set of nodes that have never been marked by the
algorithm to look for other independent sets. Repeat this
process until al.

Algorithm 2: maximum independent set detection

N(j)‘v’jeB.

input: B,
s={}, A=B_
Remove the label of the node

while B (There are not marked nodes in) do
while ANotempty do

1={}

] Finding the lowest node ;
Mark the right node;

| :Imj;A:A/N(j).
S=Sul,
Put the UN marked nodes in the
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IV. EXPERIMENTAL EVALUATION[10]

In this section, through the performance proposed by a
comprehensive simulation, it can evaluate the performance
of the scheme when receiving messages, the number of
decoding messages and the fairness.

A. Simulation settings

We deploy the simulator in the MATLAB environment
and evaluate the performance of the various algorithms under
1000 network topologies with random link delivery rates.
The simulation results presented in this paper are the average
of the 50 simulation results. We assume that the wireless link
delivery rate is independent of each other. The nodes are
randomly deployed on a square area of 20 x 20 meters, and
the rate of the link between them is calculated according to
the Euclidean distance between the access point and the user.
For the two nodes with interval distance, the Rayleigh fading
model [12] is used to calculate the probability of successful
delivery:

x2

P= aiz—)z(e_?dx
To )
2 1
ot @———
(47[) L ©)

Among them, the link loss index, the decoding SNR
threshold.

B. Simulation results [4]

We first evaluate the performance of the method of
complete interference graph and then demonstrate the
evaluating results under the condition of incomplete
interference graph. Finally We compare the scheme with the
present more typical video multicast scheme.

(1) Completely interference graph: we will set the
number of nodes as 10, and the number of access points will
change from 3 to 7, which evaluate the impact of access
point of the user node. The results is shown in Figure 3 (a).
When we increase the number of access points, the total
amount of received messages has increased. This is because
when we increase the number of access points, each user will
be covered by more access points. Thus, each user has at
least one high quality wireless channel with a probability of
rise. As a result, the number of messages delivered to the
user increases successfully.
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Figure 3. The total amount of messages received by the user in the
complete interference graph

From Fig. 1 (a), the total amount of received messages in
the unfair method is the largest. This is because we set the
objective function to maximize the amount of messages
received at the time of optimization. In the second phase of
the fair scheduling method, we allow some nodes to transmit
data in parallel, thus increasing the number of messages
received by users. Fig. 1 (a) proves the validity of the parallel
access point. When there are 3 access points, the number of
received messages of FS2 is less than FS1. This is because
many users are more likely to be covered by a single access
point. Thus, phase 2 cannot increase the number of messages
received. On the other hand, FS2 aims to increase fairness.

We set the number of access points as 4, and the number
of users ranges from 10 to 30, which evaluate whether the
number of users have impact on the total amount of received
messages, and the results are shown in Figure 3 (b). As we
expect, the total amount of the received message increases
with the increasing of the number of users.

V. CONCLUDING REMARKS

The main application of wireless devices such as smart
phones and tablet is to watch video through the Internet. In
this paper, we use multiple access point cooperation and
network coding mechanism to transmit the video data stream
to the client node. After a plurality of access points, the client
node can obtain spatial and temporal diversity, and then
receive more messages. In addition, after using the network
coding mechanism, all transmission messages are of equal
importance. As a result, reliable transmission of data can be
achieved even without feedback mechanism. Compared with
previous video multicast schemes that do not allow access
point to be transmitted in parallel, this method supports the
parallel transmission of data with interference access points,
which effectively improves the performance of the system.
In the next step, we will consider the impact of video
encoding hierarchical structure on the performance of the
system, through searching matched available resources to
video encoding hierarchical structure of available used in
user channel conditions, modulation encoding and system to
optimize the performance of the system, which proposed for
wide band wireless network layered video multicast
transmission mechanism.
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