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Abstract
Random distribution of sensor nodes in the wireless sensor network easily causes
information transmission congestion, transmission delay, uneven network energy
consumption and shorter network lifetime. This paper gives full consideration to the
residual energy, the network lifetime and the amount of data transmission, then proposes
the most appropriate routing protocol when comparing the traditional minimum hops
algorithm, which is based on between the source node and the sink node. The algorithm
has a simple structure and is easy to implement, which can be effectively applied to the
medium-scale wireless sensor networks. In addition, this algorithm adopts multiple-hop
mechanism, which effectively saves more energy. The simulation results show that this
algorithm has a good effect on energy saving and the amount of data transmission.
Therefore, the network has more survival nodes and extends the network lifetime.
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1. Introduction
The traditional plane routing protocols [1-3] in the small and medium scale wireless
network increase the network energy consumption and shorten the network lifetime,
which have some serious impacts on the efficiency of sensor nodes information collection.
The key of routing algorithm in high real-time applications is the rapidity and reliability
of forwarding information from the source sensor node to the sink node. With the
continuous in-depth study of routing algorithm, the network can effectively collect,
process and forward information for the needs of people [5-6].
Nowadays, wireless sensor networks [7] are widely used in industrial production，
environmental monitoring，military，agriculture，medical care and people's daily life.
Which put forward higher requirements to reliability, real-time, accuracy and robustness.
So the routing algorithm is an important research in the wireless sensor networks [8].
This paper proposes the most appropriate routing protocol based on between the source
node and the sink node (MARP), which aims to find a suitable path for forwarding
information from the source node to the sick node. This algorithm has a simple network
topology and is easy to implement, which effectively saves more energy for network.
Thus this algorithm can extend the network lifetime and increase the amount of data
transmission.

2. MARP Network Model and Energy Model
2.1. Network Model
In order to analyze and study the performance of the algorithm conveniently, the
number of nodes in the network is N in this paper, which randomly distribute in the a*a
square area. Where each sensor node is independent of others and has the same initial
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energy. In addition, the network is homogeneous, which has the same ability to send and
receive data. As showed in figure 1: all the nodes in the network are static, and the base
station is located in the center of network.

Sink

Figure 1. The Topological Structure of the Network

2.2. Energy Model
In order to analyze and study the performance of MARP and compare the minimum
hops algorithm conveniently in this paper, we use the first order radio model in terms of
node energy consumption in paper [11]. As showed in figure 2.
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Figure 2. The First Order of Radio Energy Model Figure
Where E Tx(k,d)represents the amount of energy consumption for sending k packages,

E Rx(k )represents the amount of energy consumption for receiving k packages,  amp
represents the power amplifier to send data, d is the signal transmission distance. d r
represents the decline coefficient of energy in the processing of signal transmission, d 0 is
a distance threshold, which is a constant and determined by the environment in energy
attenuation model. If the transmission distance d is less than the distance threshold, then
the free space model, r=2, is used, otherwise using the multiple-path attenuation model,
r=4.
Assuming the communication channel is two-way symmetrical, when the sender sends
k-bit data to the receiver and the receiver receives k-bit data, the energy consumption is:
2
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Where E Txelserepresents the energy consumed by the internal circuit of sensor node
during transmitting unit data, while E Rx else represents the energy consumed by the
internal circuit of sensor node during receiving unit data. εfs , εmp represents the signal
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amplification parameter of the free space model and the signal amplification parameter of
the multiple-path attenuation model respectively, E Tx amp
represents the energy
consumed by sender through the amplifier.

3. The Relative Description of Minimum Hops Algorithm and MARP
3.1. Minimum Hops Algorithm
Sink
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Figure 3. Minimum Hops Algorithm Routing Path
Where the minimum hop distance is 0.75 times of the sensor node communication
radius, which aims to prevent more isolated nodes, thus improving the possibility of
finding the next node in the next hop. According to this way to continue until reaching the
sink node. The algorithm has added the communication radius of network node and the
minimum hop distance, but the simulation results show that the network energy
consumption is relatively large and the network lifetime is relatively short.
The minimum hops algorithm includes two stages: establishing the gradient field and
transmitting packets.
(1) The gradient field is established through the way of flooding to transmit control
packets. The control packets are consisted of node ID, residual energy and the value of
hop. Initializing the hop of each node for 1000 and the sink node for 0 before establishing
the gradient field, then flooding is started. If the node receives the hop of the control
packets which is smaller than itself node, then the hop of the control packets will add 1 as
the new hop of the node. Otherwise the sensor node does not accept the control packets
and the hop of node is still the same. A gradient field is established after a period of time.
(2) After establishing the gradient field, the information is transmitted from the source
node to the sink node through flooding. The node of collecting information is called the
source node. After collecting information, the node transmits packets to its next hop node
in the range of communication radius. If the hop of one node is n, the hop of its next hop
node is n-1. The node receiving information continues to transmit its packets to its next
hop node, until the sink node.
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3.2. MARP
Sink
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Figure. 4 MARP Routing Path
Where i is the source node, k1 is the next hop node, r is the distance between k1 and i,
d is the distance from the node of k1 to the line which through i and sink.
As shown in the Figure 4. The node is selected as the next hop node, which has more
remaining energy and a longer distance to the source node i and a shorter distance to the
sink node in the range of source node communication radius CR. So the next hop node of
i is the node k1 instead of the node k2, and the selecting routing path is as the thin line.
This algorithm adds the remaining energy, r and d in choosing the next hop node. So
the reference value is obtained just as the function (3):
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  * (1 
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The value of weight coefficient  , , are 0.1, 0.45, 0.45 respectively.
reference   *

(3)

4. Protocol Simulation Result and Analysis
4.1. The Simulation Parameters Setting
The simulation conditions of MARP and minimum hops algorithm in this paper are
shown in table 1. Network space: square of 200×200, the sensor nodes initial energy 0.5J.
Table 1. The Simulation Parameters Setting
Parameters
The number of node :N

Values
200

Parameters
Minimum hop
distance

Values

0.75 * CR

The sink node
coordinate

（0m,，0m）

 mp

0.0013pJ / bit / m 4

Packet length

4000bit

 fs

10pJ / bit / m 2

Control packet length

100bit

E elec

50pJ / bit

Communication radius

25 2

We use the MATLAB software in the simulation experiment of MARP and minimum
hops algorithm in this paper. In order to compare and analyze the performance of the
protocols, the experimental simulation is carried out from the following four aspects: the
number of network remaining nodes, the network overall energy consumption, the
network lifetime and the amount of packets received by the sink node. If all the neighbor
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nodes of one node are dead in the network, then the node will become the isolated node.
The isolated node will be also regarded as the dead node. When the number of dead nodes
in network reaches half of the total number of network nodes, this network will be failure.
The performance of network is evaluated by the first node dead (FND) and the half node
dead (HND).
4.2. The Analysis of Simulation Results
(1) The number of remaining nodes in network changes over time. As shown in Figure
5, the remaining nodes of MARP and minimum hops algorithm change over time.
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Figure 5. The Number of Remaining Nodes Changes Over Time
According to the simulation results of the Figure 5, the FND of minimum hops
algorithm is 9, the HNF of minimum hops algorithm is 147; while the FND of MARP is
45, the HND of MARP is 350. We can see the intuitive comparison of minimum hops
algorithm and MARP by the Figure 6.

Figure 6. The Comparison of Protocols Life Cycle
As shown in Figure 6, the comparison of network life cycle between minimum hops
algorithm and MARP. We can know that the lifetime of MARP is longer than the
minimum hops algorithm one obviously. When comparing to minimum hops algorithm,
MARP’s FND and HND are extended by 5 times, 2.38 times respectively. The
experimental simulation results show that MARP extends the network lifetime effectively.
(2) The network overall energy consumption changes over time. As shown in Figure 7:
the network overall energy consumption of minimum hops algorithm and MARP changes
over time.
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Figure 7. The Network’s Overall Energy Consumption Changes over Time
According to the simulation results of the network overall energy consumption in the
Figure 7, MARP has much lower energy consumption and saves more energy for the
whole network than minimum hops algorithm in the same situation. The intuitive
comparison for energy consumption is shown in the Figure 8.

Figure 8. The Energy Consumption of different Rounds
The Figure 8 shows that the comparison of the network overall energy consumption
between MARP and minimum hops algorithm in different rounds. The MARP consumes
less energy than minimum hops algorithm. MARP’s energy consumption is reduced by
62.6%,31.7%,16.9% respectively in the 100th round,250th round,400th round when
comparing minimum hops algorithm. According to the simulation result, MARP is better
than minimum hops algorithm in the aspect of network overall energy consumption.
(3) The amount of packets received by the sink node in three different stages is shown
in Figure 9.

Figure 9. The Amount of Packages received by the Base Station
According to the simulation results, the amount of packets received by the base station
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is 8799, 23314, 23314 respectively in the FDN, HND, 500th round, when the MARP is
carried out; while minimum hops algorithm is conducting, the amount of packets received
by the base station is 9575, 10245, 10245 respectively in the FDN, HND, 500th round.
The intuitive comparison is shown in the fig .9, the amount of packets is close for the two
kinds of protocols when the first node is dead; But the MARP’s packets is 2.27 times that
of the later ones when half of all nodes are dead; In addition, the amount of packets is the
same for the two kinds of protocols in the 500th round. Thus after the HND round, with
the increasing number of the dead nodes in the network, the routing path is interrupted so
that the network is failed.

5. Conclusion
In this paper, the core of the MARP aims to find the most appropriate routing path
between the source node and the sink node. This routing protocol has a simple network
structure and is easy to implement. In addition, this algorithm gives a full consideration
on the network remaining energy. So this algorithm can effectively find the most suitable
node as its next hop node in the range of communication radius. As can be seen from the
simulation analysis of network performance, the MARP has a better performance than
minimum hops algorithm in aspect of the network lifetime, the network overall energy
consumption and the transmission packets.
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