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Abstract

with dense nodes.

A disjoint multipath routing algorithm based on region division is proposed to resolve problems such as potential
"hot area” around the sink node and path instability caused by frequent movement of routing nodes in the mobile
wireless sensor network. This paper first improves the regional division model of the whole network by learming
from the predation of spiders, and increases the number of nodes in the inner area by enlarging the width of the
inner ring to alleviate the "hot area” problem. Then, three modes based on distance priority, angle priority, and
weight priority are proposed to ensure the independence between the paths when generating the disjoint multipath
of the mobile node in a certain divided area. Meanwhile, the method of selecting “borrowing node” with minimum
weights is adopted to ensure the effectiveness of the path and deal with the path link break problem. Simulation
experiments show that the proposed algorithm has a lower packet loss rate and path failure rate than EM-GMR and
AGEM algorithms, which effectively prolongs the lifetime of the entire network and is more applicable to networks

Keywords: Wireless sensor networks, Region partition, Multipath routing, Virtual spider web

1 Introduction

More and more heed has been paid to the research of
wireless sensor networks, which is organized by abun-
dant micro sensor nodes deployed in the observation en-
vironment through wireless communication. Generally,
the sensor nodes are deployed in an unattended environ-
ment, while the nodes in the network under the influ-
ence of external conditions are highly vulnerable, so that
node failure and link break often arise. The multipath
routing is one main part of the research on routing fault
tolerance, which can scatter data to be transmitted into
multiple paths and then proceed to transmit in parallel,
so as to reduce delay, balance network load, and lower
packet loss rate.

In recent years, many merits of the multipath routing
algorithm have drawn the attention of scholars. How-
ever, the increase of path number has rapidly added the
expense of path creation and maintenance and the com-
plexity of data traffic distribution [1]. Most of the exist-
ing multipath routing algorithm researches focus on the
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clustering routing protocol [2—4]. The cluster head
nodes are generally fixed in position and have higher en-
ergy and a longer communication radius, each of which
is in charge of the node movement within the cluster. A
multipath routing mechanism based on location infor-
mation for mobile wireless sensor network is proposed
in [5]. When selecting the next-hop node, the algorithm
fully considers the residual energy, distance, and mobil-
ity factors of neighbor nodes and adopts the fuzzy logic
system to determine the next hop. The paper in [6] se-
lects the node with the minimum mobility and the max-
imum residual energy as the cluster head through a
mobility-based cluster head election algorithm and an
adaptive algorithm, which is vastly superior to the mobile
protocol in transmission performance and network life-
time. Although this method can improve the energy
utilization of the network, each cluster head node not only
takes charge of information collection and data fusion, but
also transmits information transmitted by other nodes. As
a result, the amount of information transmitted by the
node closer to the sink node is larger, the energy con-
sumption is higher, the node close to the sink node is ex-
tremely easy to die due to excessive energy consumption,
and a “hot area” is prone to develop around the sink node.
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Focusing on this problem, many researchers have pro-
posed an uneven clustering routing algorithm for wireless
sensor network and its corresponding improved algo-
rithms, including the uneven clustering routing algorithm
based on competition for a cluster head proposed in [7],
the routing algorithm for data fusion based on multi-hop
clustering proposed in [8, 9], and the uneven clustering
routing algorithm for cluster head selection based on opti-
mal hop number proposed in [10, 11]. To some extent,
these algorithms balance the energy consumption of
each node in the network, prolong the network lifetime,
and reduce the problems of the “hot area” [12, 13].
However, frequent mobility of the nodes breaks the ori-
ginal path and new route discovery causes the instabil-
ity of the entire network. Therefore, this paper
proposes a disjoint multipath routing algorithm based
on region division (DMRRD) by learning from the pre-
dation of spiders to solve the problem of path instabil-
ity in the network with mobile nodes, which effectively
solves the problems of path failure and “hot area”
caused by node mobility.

The rest of the paper is organized as follows. In Sec-
tion 2, we briefly introduce the virtual spider web model.
In Section 3, we propose a disjoint multipath routing
and a node movement processing and path repair mech-
anism, and simulation results and analysis on the per-
formance of a disjoint multipath routing algorithm
based on a virtual spider web model. Finally, our main
conclusions are drawn in Section 4.

2 Methodology

It is assumed that the application scenario of the wire-
less sensor networks (WSN) is a circular network with
only one sink node, where the sink node is on its center
without mobility, and other nodes are randomly distrib-
uted in the circular region with certain mobility. Each
node in the network obtains the location information of

(2019) 2019:108 Page 2 of 11

itself and neighbor nodes through the built-in GPS de-
vice or positioning system.

2.1 Spider web model

Spiders prey by their webs. No matter in which part of
the web the spider is, it can reach the prey through dif-
ferent paths, and convey it to the central node. In the
left diagram of Fig. 1, the spider can take three paths,
each of which does not intersect. In the WSN, it is im-
possible to deploy the nodes on the spider silk. Most of
the nodes in the network are randomly deployed within
a certain domain. According to the right diagram in
Fig. 1, the nodes in the small region divided by the
spider silks are not repeated, so the paths formed by
selecting nodes in the different regions are disjoint [7].

If the spider web above is directly applied to the wire-
less sensor network, there will be two problems:

(1) Since the region near the center of the spider web
has a small area and relatively few nodes, the data
groupings that the nodes need to transmit are more than
the data transmitted in other regions. The data group-
ings reaching the sink node need to pass through the
nodes in the region, which will result in excessive energy
consumption. Consequently, the nodes in these regions
are easiest to fail, resulting in a “hot area.”

(2) Since the transverse width of the outermost region
of the spider web is relatively large, if it is more than
three times the communication radius, it is likely that
transverse adjacent regions cannot communicate
directly.

2.2 Creation of the virtual spider web model

For the above problems, the spider web in Fig. 1 has
been improved and the virtual spider web in Fig. 2a has
been created to make the region division of the whole
network more reasonable. It is supposed that all the sen-
sor nodes in the WSN have the same communication

= Source

Fig. 1 Schematic diagram of the formation of the disjoint paths of the spider web. In the left diagram of Fig. 1, the spider can take three paths,
each of which does not intersect. In the right diagram in Fig. 1, the nodes in the small region divided by the spider silks are not repeated
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(a) Virtual spider web model

Fig. 2 The structure of virtual spider web and its meta-region graph. The virtual spider web has been created to make the region division of the
whole network more reasonable in a. Meta-region refers to the inseparable minimum closed region formed by radials and chords in the virtual
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(b) Meta-region

radius r, the radius of the innermost small circle of the
sink node is set as the communication radius between
nodes, and the width of the adjacent ring is also r. The
width of remaining rings is one half of the communica-
tion radius, namely, 0.5 r. Meanwhile, it is necessary to
judge whether the subdivision should be done according
to the size of the sector arc. When the chord length of
the sector is quite larger than the communication radius,
it is likely that the next-hop node cannot reach the
nodes in the left and right regions, resulting in path re-
duction, so the small regions in the outer ring are
subdivided.

2.2.0.1 Definition 1. Radial line: It refers to a line that
extends from a center node in the virtual spider web.

2.2.0.2 Definition 2. Chord line: It refers to a line seg-
ment connecting any two points on the virtual spider
web.

2.2.0.3 Definition 3. Meta-region: It refers to the insep-
arable minimum closed region formed by radials and
chords in the virtual spider web, as shown in Fig. 2b.

2.2.0.4 Definition 4. Non-overlapping meta-region
chains: It refers to a sequence consisting of a series of
non-repeating meta-regions, and the meta-region at the
end of the sequence contains the center node.

In order to facilitate the mathematical description
of the meta-region, the communication radius of the
node is set as r. The non-overlapping meta-region
chain in the virtual spider web is shown in Fig. 3.

Fig. 3 The relation graph of the chord and the communication radius. The non-overlapping meta-region chain in the virtual spider web
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Taking sink node A as the center of the polar coordi-
nates and p as the radius, a polar coordinate system
can be created. The counterclockwise direction is set
as the positive direction of the polar angle. If the lo-
cation of a node is (x,y), it can be converted into the
corresponding polar coordinates by formulas (1) and
(2) below:

N )

a = arctan’ (2)
Assuming anisosceles triangle ABC in arbitrary
Meta-region of a partitioned domain chain without over-
lapping elements, BC refers to the chord length of the
sector, the apex angle refers to the polar angle, and the
length of AB, one of the two equal sides, is L, the side
length of the chord BC is d, shown as formula (3):

d = 2AB x sing:2L>< sing (3)

Draw a line through point O, which is perpendicular
to AG; if the foot point is D, the length / of the perpen-
dicular OD can be calculated based on triangle-related
theorems, shown as formula (4):

h= d cos— = ABsin2 cos? = L sina (4)
2 2 2 2 2

According to formula (4), when the angle «a is definite,
the length of 4 is positively correlated with the length L
of AB. According to the data transmission characteristics
of the nodes in the mobile sensor network (if the
transverse width is more than three times the com-
munication radius, it is likely that transverse adjacent
regions cannot communicate directly); therefore,
when % <1, the radius of the two inner rings near the
center is expanded to r, and the number of nodes in
the inner region is increased, so as to alleviate the
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problem of a “hot area,” and the radius of the
remaining outer rings is set as 0.5 r.

When /4 >r, the node at point O cannot search for
the next-hop node in the left and right regions, de-
creasing the available multipath. Each region is subdi-
vided into two identical parts to avoid the decrease of
the multipath.

2.2.0.5 Theorem 1: In the virtual spider web, it is
known that p, is the left boundary of the polar radius of
the meta-region, p, ., is the right boundary of the polar
radius of the meta-region, @, is the upper boundary of
the polar angle of the meta-region, and a,, ; is the bot-
tom boundary of the polar angle of the meta-region and
the polar coordinates of the source node S; is (p; a,); if
the meta-region is not subdivided, (pp, pp + 1, &g, @5+ 1) Te-
fers to the corresponding meta-region and there is:

Po =Py | Pe<Pi<pyy1;0sx <k (5)
Ug =0y | @x<Ai<ap;0<x < Kk

2.2.0.6 Theorem 2: In the virtual spider web, if the
meta-region is subdivided, the radial and chord (p,,p,

,0p,0,41) refers to the corresponding region.

2.3 Expression of non-overlapping meta-region chain

In the virtual spider model of mobile wireless sensor
network, one meta-region A is selected, and the
meta-regions B, C, D, E, F, G, and M and an adjacent
meta-region A are respectively the middle upper (M)
region, middle down (Mp) region, left middle (Ly;) re-
gion, right middle (Ry) region, left upper (Ly) region,
right upper (Ry) region, left down (Lp) region, and right
down (Rp) region, eight non-overlapping regions in total.
In the current meta-region A, taking a random source
node s as the chain head node and L as the sink node,

Fig. 4 Non-overlapping meta-region chain. Three non-overlapping meta-region chains
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eight non-overlapping meta-region chains can be theor-
etically created. Three non-overlapping meta-region
chains starting from My, Ry, and R,; are shown in
Fig. 4.

2.3.0.1 Definition 5. Chord-oriented region: If (p,,,, p,s; +
10,0, 1) refers to a small region A in the model, the
mathematically expressed region with the same chord as
A in the region adjacent to region A is called the
chord-oriented region. As shown in Fig. 4, regions B and
C both have the same chord p,,, p,,+1 as A, so B and C
are termed as the chord-oriented regions of A. Accord-
ing to Theorem 1, the mathematical expression of
chord-oriented region B is (p,,, _ 1, P> O 0, 1 1), referred
to as the chord-oriented meta-region where the polar
angle decreases, and the mathematical expression of
chord-oriented region C is (0,11, P+ 2 O 0,1 1), TE-
ferred to as the chord-oriented meta-region where the
polar angle increases.

2.3.0.2 Definition 6. Radial-oriented region: If (p,,,, p,s; +
10, 0, 1) refers to a small region A in the model, the
expressed region with the same radial as A is called the
radial-oriented region. As shown in Fig. 4, the regions D
and E both have the same radial 61, On+1 as A, so D
and E are termed as the radial-oriented regions of A. Ac-
cording to Theorem 1, the mathematical expression of
radial-oriented region D is (0, P+ 1, 61— 1, 0,), referred
to as the radial-oriented meta-region where the polar ra-
dius decreases, and the mathematical expression of
radial-oriented region E is (0 P+ 10+ 1, 00 12), Te-
ferred to as the radial-oriented meta-region where the
polar radius increases.

2.3.0.3 Definition 7. Binary bit sequence chain: the bin-
ary bit sequence bobiby:-+b,(b;=0 or 1,i=0,1, n) is
used to store the relevant information of the
non-overlapping meta-region chain, where the first three
bob1by in bobib,---b,, express the meta-region where the
chain head node is located, and every two elements
starting from the fourth element express a meta-region.

When by;_1=1 (i>2), it indicates that the ith
meta-region is the meta-region where the polar radius
decreases or the polar angle decreases;

When by;_1=0 (i>2), it indicates that the ith
meta-region is the meta-region where the polar radius
increases or the polar angle increases;

Table 1 The packet format
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When b,;=0 (i>2), it indicates that the ith
meta-region is the chord-oriented meta-region;

When by;=1 (i>2), it indicates that the ith
meta-region is the radial-oriented meta-region.

Each binary bit sequence chain corresponds to a
non-overlapping meta-region chain, and the next
meta-region of the current non-overlapping meta-region
chain can be calculated by formulas (6) and (7):

Prext = Pa | X = m_Zf:0(2b2i+3_1)b2i+4
(6)
Onext = 6y | y = ”—Zio(%zﬁs—l)(1—b2i+4> (7)

Where m and n are the pointers of the binary bit se-
quence chain.

According to formulas (6) and (7), the binary bit se-
quence chain can completely describe the non-overlapping
meta-region chain and determine the region where any
neighbor node of the current node is located.

3 Results and discussion

3.1 Disjoint multipath routing

According to the virtual spider network model with dis-
joint multipaths, the source node S can transmit data to
the sink node along different paths of different
non-overlapping meta-region chains. The packet format
includes the storage source node S, sink node Sink,
chain head meta-region selected by the current packet,
binary bit sequence chain, bit sequence chain pointer,
and data address in Table 1.

When an intermediate node receives a packet, it first
updates the bit sequence chain pointer at the head of
the packet and transmits data to the next-hop node on
the basis of the dynamic next-hop selection mechanism.
Figure 4 shows the three disjoint paths that may trans-
mit data from the source node S to the sink node Sink.
When a node in a certain area selects its next-hop node,
the following three mechanisms can be adopted.

(1) Distance priority mechanism: The node to be se-
lected has the minimum Euclidean distance from the
node that is currently transmitting the packet, and the
next-hop node that can become the current node needs
to meet certain conditions.

® In the region adjacent to the region where the
current node is located;

® A node in the neighbor node set of the current
node;

Source node S Sink node Sink

Chain head meta-region selected by the current packet

Binary bit sequence chain

Data

Bit sequence chain pointer
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® A node with a minimum Euclidean distance from
the current node. The minimum distance formula is de-
fined as (8):

1= min{\/pj2 +p2=2p;p cos(6-6)) loy <P <pgi1:0p <0< 9,,“}
(8)

Where (pj, 9j) is the coordinate of the neighbor node,
(p, 0) is the coordinate of the current node, and (pg, pq
+1,0p, 0p + 1) mathematically refers to the next region
of the region where the current node is located.

(2) Angle priority mechanism: The neighbor node with
the minimum deviation from the reference polar angle is
preferentially selected as the next hop of the current
node. The next-hop node that can become the current
node needs to meet certain conditions.

® A node in an adjacent area;

@ The polar radius of the region where the selected
node is located cannot be larger than that of the current
node;

® The neighbor node with the minimum deviation
from the reference polar angle is selected. The reference
polar angle formula is defined as (9):

ga +9b
2

ebase = (9)

Where 6a and 6b are the two radials of the current
region.

(3) Weight priority mechanism: The node with the
minimum weight in the neighbor node set is preferen-
tially selected as the next hop of the current node.

If the node P1 in region A is to transmit data informa-
tion, it first sends a hello message to the surrounding
nodes, and the node in region A does not respond to the
message. But if the node in the region adjacent to region
A receives the message, and it also needs to send a re-
sponse to the node P1, which carries the distance from
the node to the node P1 and the residual energy of the
current node. Creating a dynamic neighbor node table,
the node P1 receives the response information sent by
neighbor nodes within a period of sending the hello
message, and records it in its neighbor node table. The
field of the neighbor node table contains the number of
neighbor node, residual energy, the distance to the node,
etc, and P1 no longer receives response information
after a period of time, and then the weight of each
neighbor node is calculated and the node with the mini-
mum weight is selected as the next hop of the current
node according to the weight formula. The next hop that
can become the current node needs to meet certain
conditions.

® A node in an adjacent area;
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® The polar radius of the region where the selected
node is located is less than or equal to that of the
current

node;

® In the neighbor node set, the node with more
residual energy and shorter distance to the current
node would take precedence except for the node
that meets the above two conditions. The weight
calculation formula (10) is described as follows:

d; 1 E;
dmax Emax

Where di is the distance from neighbor node i to the
current node, dmax is the maximum distance to the
node in the neighbor node set, Ei is the current residual
energy of node i, and Emax is the maximum value of the
residual energy of all nodes in the neighbor node set.
According to the weight formula, it can be calculated
that the node with shorter distance to the current node
and more residual energy has less weight.

w(P) = (10)

3.2 Node movement processing and path repair

Among the three dynamic next-hop node selection
mechanisms, the next-hop node that meets the condi-
tions can be found ideally to transmit data groupings.
However, when the nodes in the network are unevenly
distributed, or when the energy consumption is not bal-
anced, it is possible the current node cannot find the
next-hop node that meets the conditions, resulting in
the break of links. This algorithm adopts an
inter-regional “borrowing node” strategy to repair the
link break. The “borrowing node” repair strategy steps
are as follows:

(1) In the current Meta-region, Meta-region A and the
eight adjacent non-overlapping meta-regions, including
the middle upper (M) region, middle down (Mp) re-
gion, left middle (Ly;) region, right middle (Ry) region,
left upper (Ly) region, right upper (R;;) region, left down
(Lp) region, and right down (Rp) region. According to
(10), the node with the minimum weight is selected as
the next-hop node and marked as “borrowed,” which is
also called “borrowing node.”

(2) The region where the borrowing nodes (6) and (7)
are located is modified as the next meta-region indicated
by the bit sequence chain, a “borrowed” mark is added
into the borrowing node, and the pointer of the bit se-
quence chain is increased by 1.

(3) The marked node cannot be used as a node in the
original non-overlapping region during the borrowing
period. After the node transmits the data, and its bor-
rowed mark would be removed, it can only be used as a
node in the normal region.
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(4) During the borrowing period, the marked node
cannot be used by other paths or repeatedly marked,
and can only be borrowed by one path.

(5) After the borrowing period expires, the “borrowed”
mark is fully removed and the node can be reused as a
node in the original non-overlapping meta-region chain.

The “borrowing node” strategy can not only enable
packets to be transmitted across meta-regions, but also
ensure that the multipath is disjoint, thus effectively
repairing link break.

3.3 Simulation and analysis

DMRRD algorithm is compared with Energy and
Mobility-aware Geographical Multipath Routing (EM-
GMR) algorithm [5] and AGEM algorithm [8]. The se-
lected performance indexes include path failure rate,
packet loss rate, and network lifetime. The simulation ex-
periment is conducted in the following scenarios: Nodes
in the network are randomly distributed in a square region
400 m x 400 m, the sink node is in the center of the re-
gion, the energy of the sink node is infinite, and a certain
number of mobile nodes and fixed nodes are set in the re-
gion. The mobile node accounts for 50% of the total num-
ber of nodes, and the mobile node randomly selects an
angle from [0, 2] for each movement. When the number
N of nodes is 260, the communication radius between
nodes is 40 m, the data transmission speed is 160 kb/s,
and the simulation environment is carried out under a
MATLAB 2017 environment.
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One of the three modes can be selected to find the
next hop of the current node in the process of
multi-path establishment. However, the selection of the
next-hop node based on weight priority needs to broad-
cast information first, so its energy consumption is lar-
ger than the first two. Performance simulation
experiment of the routing algorithm based on the three
modes respectively are shown as follows. In the simula-
tion, the models based on distance priority and angle
priority are represented by DMRRDI1, and the model
based on weight priority is represented by DMRRD2.

As can be seen from Fig. 5, with the increase of node
movement rate, the path failure rate of EM-GMR algo-
rithm adds rapidly, followed by that of AGEM algorithm.
The algorithm proposed herein has the smallest change,
because the multipath routing of non-overlapping re-
gions can well adapt to the node movement, while this
algorithm has adopted favorable measures to deal with
node movement and path failure. When the speed of
node movement is slower, the weight-based mode has a
lower path failure rate than the distance and angle-based
modes, because the weight-based mode can use the en-
ergy of neighbor nodes in neighbor regions in a balanced
way. As the speed of node movement increases, the
weight-based mode needs to send hello information and
receive response information every time it searches for
the next-hop node, so that the energy consumption of
the node is larger, and the path failure rate is higher than
that of the angle- and distance-based modes. EM-GMR
algorithm will consume numerous energy to reroute the
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Fig. 5 Relationship of node mobility and path failure rate. With the increase of node movement rate, the path failure rate of EM-GMR algorithm
adds rapidly, followed by that of AGEM algorithm
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Fig. 6 The relationship between the number of nodes and the path failure rate. When the number of nodes in the network is smaller, the path
failure rate of the algorithm in this paper is lower than that of AGEM algorithm

path failure caused by node movement, and the path
failure rate caused by node movement and energy deple-
tion is relatively high. As can be seen from Fig. 6, when
the number of nodes in the network is smaller, the path
failure rate of the algorithm in this paper is lower than
that of AGEM algorithm, because the nodes are fewer
and uneven. If there is no node in the region adjacent to
a region in the algorithm, it may lead to link failure. It

can be seen that this algorithm is more applicable to
networks with high node density.

Experiments on the transmission accuracy of packets
in the network have been carried out in Fig. 7 and Fig. 8.
It can be seen that the packet loss rate increases slightly,
when the speed of the mobile node in the algorithm pro-
posed herein rises. By contrast, the packet loss rate of
the AGEM algorithm adds rapidly when the speed of the

-
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Fig. 7 The relationship between node mobility and packet loss rate. The experiments on the transmission accuracy of packets in the network
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Fig. 8 The relationship between node and packet loss rate. The packet loss rate increases slightly, when the speed of the mobile node in the
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mobile node exceeds 8 m/s. With the increase of the
node number in the network, the packet loss rate of the
algorithm in this paper, AGEM and EM-GMR algo-
rithms, will decrease accordingly, but the algorithm pro-
posed herein still has great advantages over the other
two algorithms in packet loss rate.

In Fig. 9 and Fig. 10, the algorithm proposed herein

speed rises or when the number of nodes in the net-
work increases. EM-GMR multipath algorithm needs
to use a fuzzy logic system to make decisions when
selecting the next-hop node. AGEM algorithm deter-
mines the forwarding of packets according to the
node’s location information, so the path failure caused
by node movement needs to reconstruct path, but

has a long network lifetime, when the node movement frequent path reconstruction consumes numerous
<
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Fig. 9 The relationship between node mobility and network life period. When the node movement speed rises, the network life period reduces
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Fig. 10 The relationship between node number and life period. When the number of nodes increases, the network life period rises

energy and the network lifetime performance is poor.
It can be seen that the lifetime of the third mode is
shorter than that of the first two modes because
when the next-hop node is selected, the third mode
needs to broadcast path creation information to
neighbor regions first, which consumes more energy
than the first two algorithms. In comparison with
EM-GMR and AGEM protocols, the algorithm pro-
posed herein only needs to maintain the neighbor
node information, which consumes less energy.

4 Conclusion

Aiming at the topology change and “hot area” of WSN,
this paper puts forward DMRRD algorithm and provides
the region division model of the whole network, showing
the selection procedures and specific ideas of disjoint
multipath. In the process of path formation, three modes
are proposed, respectively, based on distance priority,
angle priority, and weight priority. The DMRRD algo-
rithm is tested in a certain environment; the algorithm is
particularly proposed for mobile nodes. The simulation
process is divided into two conditions to compare and
analyze the network performance. One is to compare
and analyze the network performance by changing the
rate of mobile nodes when the number of nodes in the
network is constant, and the other is to do so when the
total number of nodes in the network changes and the
moving rate of nodes is constant. Experimental results
show the algorithm can effectively prolong the lifetime
of the network and boasts a lower packet loss rate and
path failure rate.

Abbreviation

AGEM: An Energy Geographical Multipath Routing; DMRRD: Disjoint
multipath routing algorithm based on region division; DMRRD1: Disjoint
multipath routing algorithm based on distance priority and angle priority;
DMRRD2: Disjoint multipath routing algorithm based on weight priority; EM-
GMR: Energy and Mobility-aware Geographical Multipath Routing;

WSN: Wireless sensor networks
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