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Abstract: The clustering routing protocol for wireless sensor network (WSN) is the main part of this study. The number 
of sensor nodes in WSN is numerous and single node is extraordinarily limited in resource. The most significant aim of 
designing routing protocol of WSN is to reduce the overall energy dissipated in the network and to maximize the network 
lifetime. After taking into account the transmission and circuit energy together, the appropriate application scenarios of 
both multiple input multiple output (MIMO) and single input single output (SISO) are derived, and then a collaborative 
MIMO strategy based on clustering is proposed. Taking the merits of both transmission modes, the strategy reaches an op-
timal result in respect of energy consumption. Meanwhile, the algorithm distributes the energy consumption of cluster 
head to collaborative nodes, thus even balance the load and prolong the network lifetime. 
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1. INTRODUCTION 

Wireless sensor network (WSN) is a sensor, data node 
processing unit and the communication module with a plu-
rality, according to the demand of data collection tasks, a 
self-organization network. Its mission is to collect data from 
the environment in which the user is interested. Source node 
is responsible for collecting data, and the collected data is 
passed to the sink node (Sink) via a plurality of intermediate 
nodes in a multi-hop forwarding manner. When normal data 
passes through intermediate nodes, it requires some pro-
cessing, removing redundancy by extracting some useful 
information. According to the application mode, sensor net-
works can be divided into two types of active (Proactive) and 
response (Reactive). Active sensor network continuously 
monitors ambient phenomenon, and sends data at a constant 
rate; and responsive sensor network transmits data only 
when the event is triggered [1, 2]. 

Although WSN s and traditional wireless ad hoc net-
works have some similarities, yet there are essential differ-
ences. That which is mainly reflected in the WSN is a data-
centric, a particular type of data acquisition application and 
design. The traditional wireless ad hoc network is a common 
platform for a variety of applications and design. WSNs with 
traditional sensor arrays are essentially different. In the con-
ventional sensor array, data is collected from the individual 
sensors to a processing center and receives a unified, central-
ized processing to extract the useful information. In WSN s, 
the data is refined not only during transmission, but also 
through a distributed network processing, and is constantly 
being refined to extract useful information. 
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Wireless transmission of energy mainly comes from the 
wireless data transceiver modules and power consumption 
when idle listening. In the process of running the network, 
the wireless module can be in four states: send, receive, idle 
and sleep. And in these four states, energy amount used is 
not the same. Fig. (1) shows a comparison of several WSNs’ 
energy consumption amount. The main reference to the en-
ergy consumption comparison chart [3-5] is obtained mainly 
for short-distance WSN transmission (10-100m) scenario, 
which sending and receiving energy consumption is compa-
rable. Under this scenario sending and receiving energy con-
sumption is comparable. 

Fig. (1) shows sensing energy mainly for low-power sen-
sor; when considering the application of video capture sen-
sor, the sensor power consumption cannot be ignored. But 
since the object of this paper is a traditional sensor network, 
therefore, sensing energy consumption has been ignored. 

As can be seen from Fig. (1), the wireless module is the 
primary energy source. The power consumption of wireless 
module in idle state is almost equal to the energy received 
state. In order to effectively save the energy, it should be 
possible to make a wireless module sleep. Wireless module 
energy mainly comes from the transmission circuit, amplifier 
and receiver circuit. 

2. ANALYSIS AND STUDY OF ALGORITHM FOR 
LEACH 

2.1. Clustering Hierarchical Routing Algorithm 

WSNs are with flexible communication infrastructure or 
ad hoc features, so that it has a great deal of flexibility. Con-
trolled distribution, no center, and features such as dynamic 
topology limit the scalability of the system. The design using 
clustering algorithm for WSN is divided into logical hierar-
chies. This hierarchy can help reduce maintenance overhead, 
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Fig. (1). Contrast of energy consumption. 
 
improve network scalability and improve channel spatial 
reuse. On a large-scale, network-oriented application system 
is important.  

Clustering algorithms of tasks in a collection node have 
been divided into several smaller collections that do not in-
tersect or meet each other. They are clustered within and 
between cluster nodes to form a two-layered structure. These 
fine-grained clusters are drawn to form a nested hierarchy. 
More hierarchies are applied to larger networks, but general-
ly a two-story structure has to meet most application needs. 
LEACH and improved algorithm are generally used in two-
tier clustering models. 

Using the above information, this level-based hierar-
chical routing algorithm structure has the following ad-
vantages: The number of nodes’ reduced participation in the 
routing computation, a reduced routing table size, reduces 
communication overhead to exchange routing information 
required to maintain routing tables and the memory overhead 
required. A more stable sub network can be selected through 
the algorithms, thus reducing the effect of topology changes 
brought to the routing algorithm. Topology algorithm can be 
easily passed all kinds of information to the sink node 
through the management and the cluster nodes, such as ener-
gy, security, fault etc. In addition, the sink node can effec-
tively give command to the other nodes in the network sent 
through the cluster head node, which is the flat routing that 
can’t be effectively realized. 

The hierarchical model of mathematics is described as 
follows: Assuming the computing and communication capa-
bilities of WSN node plane is exactly the same, there is no 
existence of one-way link. Then the topology of WSNs can 
be abstracted as a connected graph G=(V, E), in which V 
denotes the set of nodes in the network, M is the number of 
nodes, E is the two-way link between two nodes set (the set 
of direct communication ability among all of the nodes clus-
ters). For graph G=(V, E), a positive integer M , 1≤ V ≤ M, 
then a L (L ≥ 1) layers network structure model is the set of 
the V, which can be expressed as V = P1,P2,......Pl{ } , repre-
senting the nodes collection of the layer i; it is obvious that 

V = Pi
i=1

l

! . 

The nodes collection of the layer i is Pi = v1,v2 ,......vx{ } , 
Ci = vij{ } represents a node set of cluster i, where vi0 repre-

sents the cluster head node, and vij  represents normal node. 
Then 

Pi = Ci
i
! ,  

for layer Pi  any one of the cluster structures can meet the 
following conditions: 

A) Cii=1

n! = Pi , each of the nodes belongs to different 
clusters;  

B) Ci C j = !! , no overlap between any two cluster;  

C) Ci ! 2 , any number of nodes in a cluster is greater 
than or equal to 2. 

Typical applications of WSN mode include sending in-
formation to the base station after each sensor node to collect 
data. However, in many cases, this model for energy-
constrained sensor nodes is unacceptable. Further, because 
between many of the neighboring sensor data collected there 
is great compatibility, some means of data fusion can be 
used and then the data is transmitted to the base station. Un-
der the guidance of this goal, it will automatically generate 
network clustering algorithm thinking. Clustering idea is to 
select a few nodes in the network as a cluster head, whereas 
the rest of the sensor nodes will serve as a cluster head 
member. Each member of the collected data is not sent di-
rectly to the base station, but to the cluster-head. After the 
first cluster member is sent to the cluster-head to collect data 
for compression, it is sent to the base station. Utilization of 
clustering algorithm by reducing the number of times each 
node sends data to the base station, leads to greatly reducing 
the energy consumption of each node. And the number of 
nodes participating in the network channel contention, leads 
to improving the channel. LEACH algorithm is a classical 
clustering algorithm. 

2.2. Mathematical Description of the WSN Routing 

As mentioned above, WSNs can be represented by figure 
G = (V, E). A cost function C is defined as E：C = f ( N , B , 
T), of which N indicates the data transmission unit energy 
consumption cost, B represents the path of the remaining 
channel capacity (bandwidth), and T represents the average 
delay time (ms) path. WSN routing problem can be abstract-
ed by the energy constrained by optimization. So WSN rout-
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ing is essentially looking for the minimum cost of the trans-
mission path in the limited energy supply scenario [6, 7]: 

G=min C(k) + P(k)
j=1

N

!   (1)  

Of which, k represents the number of hops in the path, 
Nmax represents the maximum energy of nodes, P(k) repre-
sents the cost of each path for routing node processing the 
packet, P(k) = kb+ k/ u , b represents the unit cost of for-
warding packets, u represents the cost of processing unit 
packets. 

3. VIRTUAL COLLABORATIVE MIMO ALGO-
RITHM BASED CLUSTERING 

3.1. Design Ideas and Difficulty 

As can be seen from the foregoing description, MIMO 
system has advantages such as the channel capacity and anti-
fading properties, making it a powerful alternative to the 
sensor network design. The only problem is that, it is diffi-
cult to construct large multiple antennas technically in very 
small sensor nodes. And even if such a node is realized, it 
cannot meet the requirements of the spatial diversity of the 
distance between antennas as the distance between multiple 
antennas is too close. Some policy-based virtual MIMO sin-
gle antenna nodes have solved this problem. Further, consid-
ering the energy consumption by system nodes, multi-
antenna MIMO system structure will inevitably lead to more 
energy consumption by the system [8-10]. This is one of the 
factors that need to be considered in the design of MIMO 
policies. 

The main contribution of this paper is to propose a clus-
tering algorithm based on network thinking. The algorithm 
takes optimization energy as target. Taking into account the 
total energy consumption, including node system, and taking 
the utilization of MIMO and SISO to their advantage, we 
ensure the optimum design of a clustering algorithm to 
achieve the energy optimization on the premise of achieving 
quality communication. In MIMO systems, the encoding 
used is Alamouti STBC as mentioned in the previous section 
[11, 12]. 

3.2. Energy Model of MIMO System 

Compared with the conventional single antenna SISO 
system, using the same transmission power and bit error rate 
under the standard load, multiple input multiple output 
(MIMO) system can support a higher transmission rate. That 
is, at the same throughput and bit error rate, MIMO system’s 
consumed energy is smaller than the SISO. 

For the sensor network, first analyzed its transmit power 
Pt  as follows: 

Pt=(1+Pout )   (2) 
Of which, Pout is energy transmission rate, α = ξ / η− 1, ξ 

depends on the modulation scheme and constellation size, η 
reflects the ratio of the signal peak and average. Η is con-
stant related with RF power amplifier hardware. 

According to the link load relationship: 

Pout=
(4! )2d 2MtN f

GtGr"
2 EbRb   (3)  

Of which, d is transmission distance. Gt and Gr are the 
antenna gain of the sender and receiver respectively. Eb  is 
the energy-per-bit required for the receiving side that guaran-
teed reaches a certain bit error rate. Rb is bit transfer rate. 
Mt  is used to compensate for background noise and inter-
ference link idle. N f is the receiver noise factor. 

From the foregoing formula:  

Pt=(1+!)
(4! )2d 2MtN f

GtGr"
2 EbRb   (4)  

Assuming the channel attenuation matrix is H, and 
transmitting antenna powers Mt are equal. By the known 
formula, the receiver SNR is  

! b=
Eb /Mt

N0
H

F

2
.  

Using BPSK modulation mode, the average error rate is 
found as follows: Pb =Q( 2! b ) . According to Ghernoff 
boundary theorem : 

Pb=
Eb
MtN0

!

"
#

$

%
&

-M t

  (5) 

The Eb  boundary value is: 

Eb !
MtN0
Pb
1/M t

 (6) 

Taking the boundary values equal, from equations (4) 
and (6) we get: 

Pt=(1+!)
MtN0
Pb
1/M t

(4! )2d 2MtN f

GtGr"
2 Rb   (7) 

Therefore, the transmission power per bit is : 

Ebt=
Pt
Rb
=(1+!)

MtN0
Pb
1/M t

(4! )2d 2MtN f

GtGr"
2   (8) 

Numerical method can obtain a more accurate value of 
Eb . From equation (8) it can be seen that Ebt  is reduced with 
the increase in the number of antennas Mt and low, that is, 
MIMO diversity gain advantage is reflected. From equation 
(7), assume: 

P=! (Mt )id
2   (9) 

Using equation (7), it can be verified with Matlab that 
! (Mt ) is the decreasing function of Mt in interval [1,n], 
where Pb  is the smaller, n is the greater. For example, when 
Pb = 0.05, n = 3；and when Pb = 0.001, n = 8. Thus, when J 
is an integer greater than 1 and less than n, there must be 
! (J) <! (1) . 

In order to compare the energy consumption of MIMO 
and SISO, given the introduction of the system parameters, 2 
× 2MIMO system and SISO system transmit power of per bit 
comparison result is shown in Fig. (2) (from equation (8)). 
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Fig. (2). Transmission energy per Bit, MIMO versus SISO.  
 

 
Fig. (3). Total energy consumption over d, MIMO versus SISO. 
 
As can be seen from Fig. (2), MIMO always consumes less 
energy compared to single input single output (SISO) 
[13,14]. 

However, the application of such a sensor is mainly at-
tributed for short distance transmission, that is the system 
energy consumption is also a non-negligible factor. The sys-
tem energy consumption Pc  can be approximated as: 

 
Pc = Mt (PDAC+ Pmix+ Pfilt ) + 2Psyn
+Mr (PLNA+ Pmix+ PIFA+ Pfilr+ PADC )

  (10) 

Of which PDAC , Pmix , Pfilt , PLNA , Pmix , PIFA , Pfilr , PADC
and Psyn  represent the digital to analog converter, a mixer, a 
low noise amplifier, an intermediate frequency amplifier, 
transmitting and receiving side filter, analog to digital con-
verter and the power consumed by the synchronizer respec-
tively. 

Since more nodes are involved in the MIMO system 
communication process, therefore the system must consume 
more energy. After considering the energy consumption rate 
of the system, a comparison of MIMO system and SISO sys-
tem energy consumption is given in Fig. (3) (from equation 
(8) and (10)). As can be seen from Figs. (4, 5), in sensor 
networks, MIMO system has a greater advantage in long-
distance communication (> 75m). This is due to multipath 
fading, the nature of its antenna diversity gain. And in the 
short-distance transmission, the system’s energy consump-
tion has become a major factor. In lieu of these characteris-
tics, a rather more energy-efficient network can be designed 
based on MIMO system, thus extending the network life-
time. 

3.3. Virtual MIMO Algorithm-Based Clustering  

As already discussed earlier, the clustering algorithm's 
strengths include: the location of the base station is generally 
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Fig. (4). Illustration of Virtual MIMO Algorithm. 
 
fixed; and the distance between control points is usually far. 
However, because there are more local transmission sensors 
distributed in close proximity to each other, so the channel is 
assumed as AWGN channel. As can be seen, the virtual 
MIMO technology is ideally suited for such a clustering 
structure. As the WSN is difficult to control centrally, there-
fore the difficulty lies in how to construct efficient transmis-
sion distributed algorithm ideas. 

Algorithm is as follows: 
A. Cluster formation stage: First, each node passes 

through a distributed algorithm decides itself whether it 
serves as the cluster head during the current round, by be-
coming a cluster head node to broadcast information to sur-
rounding nodes. However, the cluster head node cannot send 
and receive the broadcast information from more than one 
cluster heads, it will choose the most suitable cluster head to 
join the cluster (i.e. accordance to the principle of the nearest 
one). Then it will feedback information including the re-
quired value of the residual energy of nodes and cluster 
nodes itself. 

B. MIMO Antenna selection phase: After the formation 
of clusters, cluster head brought energy information to get in 
all the N cluster members. Assuming energy of the k-th 
member is Ek (1! k ! N) , the algorithm also can help deter-
mine the distance dk of the member by the strength of the 
received signal. Cluster heads choose the appropriate number 
of member nodes to form a virtual MIMO antenna array, 
these nodes are called cooperative nodes. 

C. Slot table allocation phase: Cluster head creates a 
TDMA slot table, to assign a data transmission time slot for 
all members of the cluster (including cooperative nodes). In 
addition, at the end of the table cooperative nodes are joined 
with ID number, the last node joined with its own cluster 
head ID as the cluster flag, then the table is broadcast. Mem-
bers can be determined after receipt of the tables whether 
they fit cluster slot table, and whether they are selected as the 
cooperative nodes. 

D. The data acquisition phase within the cluster: All or-
dinary nodes and nodes in collaborative arrangements slot 
table, send collected data to the cluster head in their own 
time slot. The rest of the time they enter dormancy. The first 
cluster continues to work. Cooperative nodes automatically 
wake up in the slot table specified stage, waiting for the inte-
grated data’s reception by the cluster head. 

E. Remote communication phase: After the round, cluster 
heads collect information from all clusters, perform data 
fusion, and then the information is sent to the K-1 coopera-
tive nodes. Each node coordinates synchronization and en-
coding. Finally, this collaboration will send data to a remote 
cluster of multi-antenna base station system, which is part of 
the MIMO transceiver system. 

4. ALGORITHM SIMULATION 

4.1. NS2 Simulation Environment 

NS2 software and LEACH algorithm expansion packs 
are used for building simulation environment. 

4.2. Simulation Scenarios and Parameters 

The simulation environment includes a network of 100 
nodes evenly distributed in the random (x = 0, y = 0) to 
square (x = 50, y = 50) area. The base station is located in 
the random location. Head cluster average number is 5. Each 
node transmits a packet length of 2000bits. After data fusion, 
cluster head packet length becomes 10kbits. Simulation is 
performed using Monte-Karol statistical experimental aver-
aging method. 

4.3. The Simulation Results and Analysis 

Fig. (5) shows a comparison of network lifetime. The 
figure shows that the virtual MIMO proposed algorithm has 
a longer network lifetime than LEACH algorithm. When J = 
2, the network lifetime is extended by 30%. The greater the J 
values, the longer the network lifetime is. However, the 
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Fig. (5). Comparison of network lifetime. 
 
higher the complexity of the encoding and decoding, the 
greater the complexity of the algorithm is. 

CONCLUSION 

This paper establishes a clustering algorithm model for 
efficient energy consumption based on MIMO algorithms 
communication, which is compared with the traditional sin-
gle-antenna LEACH energy model. A comparative analysis 
is provided on the basis of the application of collaborative 
MIMO technology. Simulation results show that the algo-
rithm, without compromising on the quality of communica-
tion, is more energy efficient than the original SISO trans-
mission. At the same time, through the virtual MIMO strate-
gy, a lot of energy is released that is consumed by the origi-
nal cluster head node in shared collaboration, which further 
balances the network load and extends the network lifetime. 
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