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Abstract: Energy efficiency and lifetime enhancement is 
a very important design consideration in wireless sensor 
networks (WSNs). Clustering is the most powerful 
scheme to minimize energy consumption and prolong the 
network lifetime. Existing routing protocols suggested 
for WSN overburdens the cluster head during cluster 
formation. Channel fading and interference pose a big 
challenge in design of energy efficient communication 
protocols for WSN. Multi-input multi-output systems can 
reduce the transmission energy in wireless fading 
channels. In cluster based wireless sensor networks, the 
energy could be saved when the nodes in a cluster that 
have data to transmit participate in cooperative Multiple 
Input Multiple Output (MIMO).  An idea of type-2 fuzzy 
logic (T2FL) is applied to WSN for cluster head (CH) 
and cooperative node (CN) selection.  In this paper, we 
propose a cooperative MIMO clustering protocol using 
T2FL. Fuzzy descriptors such as concentration, distance 
to base station and remaining battery power are 
considered and the confidence factor is evaluated for the 
node to become a non-cluster head, CH and CN. For the 
proposed system, simulations have been performed to 
evaluate average energy dissipated, network lifetime and 
system throughput. Simulation results prove that 2x2 
MIMO T2FL systems outperform 1x2 SIMO T2FL, 2x1 
MISO T2FL, conventional low energy adaptive 
clustering hierarchy (LEACH) and T2FL model.  
 
Keywords: WSN, MIMO, LEACH, type- 2 fuzzy logic, 
energy efficiency and network lifetime 

1. Introduction 

 
Wireless Sensor network (WSN) offers a wide range of 
applications in areas such as traffic monitoring, medical 
care, inhospitable terrain, robotic exploration and 
agriculture surveillance. The advent of efficient wireless 
communications and advancement in electronics has 
enabled the development of low power, low cost, and 
multi-functional wireless sensor nodes that are 
characterized by miniaturization and integration.  

In WSNs, thousands of physically embedded sensor 
nodes are distributed in possibly harsh terrain and in 
most applications, it is impossible to replenish energy via 
replacing batteries. In order to cooperatively monitor 
physical or environmental conditions, the main task of 
sensor nodes is to collect and transmit data [1-4]. It is 
well known that transmitting data consumes much more 
energy than collecting data.  

 
To improve the energy efficiency for transmitting data, 
most of the existing energy-efficient routing protocols 
attempt to find the minimum energy path between a 
source and a sink to achieve optimal energy 
consumption. However, the task of designing an energy-
efficient routing protocol, in case of sensor networks, is 
multifold, since it involves not only finding the minimum 
energy path from a single sensor node to destination, but 
also balancing the distribution of residual energy of the 
whole network. Furthermore, the unreliable wireless 
links and network partition may cause packet loss and 
multiple retransmissions in a preselected good path. 
Retransmitting packet over the preselected good path 
inevitably induces significant energy cost. Therefore, it is 
necessary to make an appropriate tradeoff between 
minimum energy consumption and maximum network 
lifetime [5-8].  

 
Clustering is the most promising approach that satisfies 
scalability, energy efficiency and prolonged network life. 
Low energy adaptive clustering hierarchy (LEACH) is 
one of the most famous clustering mechanisms; it elects a 
cluster head (CH) based on a probability model. The 
drawback of LEACH is that it considers only energy 
parameter to elect CH [9-11]. Moreover, LEACH 
protocol does not consider channel fading and 
interference effects in wireless links.  

 
Combating signal fading and interference has been 
gaining importance in design of energy efficient 
protocols for WSN. The approach in wireless system is 
to use multi input and multi output (MIMO) antennas in 
the network. Applying multiple antenna technique 
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directly to sensor network is unrealistic because the 
limited size of sensor node usually can provision a single 
antenna alone. A technique that has been recently 
introduced in WSN focusing on energy efficiency is 
cooperative networking. With cooperative transmission 
and reception from antennas in a group of sensor nodes, 
an equivalent SIMO, MISO and MIMO system for WSN 
can be developed. This structure can offer enhanced 
energy improvements for cluster based LEACH sensor 
network [12-17].  

 
Fuzzy logic is proficient of handling real time decisions 
with inaccurate and incomplete information. T2FL can 
handle the uncertainty environment more precisely 
because, membership degrees of T2FL functions are 
themselves fuzzy sets [18-30]. In this work, T2FL model 
is proposed in view of improving cooperative MIMO 
LEACH protocol by efficiently electing a cluster head 
and cooperative node.   

 
The rest of the paper is organized as follows. Section II 
outlines related work. Section III presents the proposed 
cooperative MIMO protocol and the fuzzy module. 
Section IV describes the energy consumption model of 
the proposed scheme and Section V discusses the 
simulation results and conclusions are drawn in Section 
VI. 

2. Related Work 
 

Excessive research has been carried out to provide 
energy efficient routing [3,4] protocols for WSNs and 
several elucidations have been proposed for diminishing 
battery usage. The conventional clustering scheme 
assumes the cluster heads to be fixed and thus makes 
them to be high energy nodes. To alleviate this 
deficiency, an adaptive clustering scheme called LEACH 
is proposed [10] that employ the technique of randomly 
rotating the role of a cluster head among all the nodes in 
the network. It has been shown that LEACH scheme 
provides significant energy savings and prolonged 
network lifetime over fixed clustering.  
 
A centralized version of LEACH (LEACH-C) was 
proposed [5,6]. Unlike LEACH, where nodes self-
configure themselves into clusters, LEACH-C utilizes the 
sink node for cluster formation. Subsequently, the Round 
Robin Cluster Head (RRCH) routing that fixes the cluster 
and selects the head node in a round robin method. The 
RRCH approach is an energy efficient method that 
provides consistent and balanced energy consumption in 
each node of a generated cluster to prevent repetitious 
set-up process [10]. 

Stephanie Lindsey and Cauligi S. Raghavendra [11] 
formulated a Power Efficient Gathering in Sensor 
Information Systems (PEGASIS). It is a near optimal 
chain based routing protocol where each node 
communicates only with a close neighbor and transmits 
data to the sink to reduce the amount of energy spent per 
round. A centralized routing protocol, namely, Base 
station Controlled Dynamic Clustering Protocol 
(BCDCP) to distribute the energy dissipation evenly 
among all sensor nodes to improve network lifetime and 
average energy savings. The performance of BCDCP 
scheme is compared with that of LEACH, C-LEACH and 
PEGASIS. It is evident that BCDCP scheme reduces 
overall energy consumption and improves the network 
lifetime [5-7].  
 
Contemporary research on MIMO systems showed great 
potential to decrease transmission energy consumption in 
fading channels. Energy efficiency of MIMO techniques 
in sensor networks has been explored and cooperative 
MIMO transmission schemes for WSNs have been 
suggested in [16,17] using Alamouti codes for WSNs. 
The outcomes of [16,17] were further developed in 
[12,14] taking into account STBC [13,15] based 
cooperative MIMO systems. However the schemes only 
focused on energy efficiency of cooperative transmission 
between two clusters of sensors or between one cluster of 
sensors and one receiver. An effective scheme for 
incorporating cooperative MIMO transmission into 
WSNs with large number of sensor nodes under 
application–specific scenarios to prolong the network 
lifetime remained unconsidered. Although [12] have 
proposed ways to incorporate cooperative transmission in 
LEACH [5,6], multihop routing and distributed 
operations in WSNs are not taken into consideration. As 
only, single hop communications from cluster heads to 
the base station are considered in the original LEACH 
protocol, the model (C-LEACH) modified the LEACH 
protocol to form a multihop backbone and incorporate 
the cooperative MIMO scheme to prolong the network 
lifetime [13]. The chance of reelection of cluster head 
and cooperative nodes in CLEACH decreases the 
network lifetime. To extend the network lifetime further 
a CH-C-LEACH is proposed [14] so that the cluster 
heads perform the role of data aggregation as well 
cooperative MIMO data transmission to reduce the 
energy consumed in the network.  
 
Recently researchers have suggested methods [18,19] to 
enhance the lifetime of clustered wireless sensor network 
using fuzzy logic approach. The approach is used to elect 
the cluster-head based on two descriptors - energy and 
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proximity distance. Out of these elected cluster heads one 
Master cluster head has been elected.  The drawback of 
the approach was that the life time of the network 
remained constant irrespective of the mobility of base 
station. An improved the algorithm that extends network 
lifetime compared to LEACH was proposed [21-25]. 
Further an impact of T2FL on clustering for a multihop 
WSN [26,30] were analyzed. The impact of T2FL with 
channel fading has not been discussed. So an effort has 
been made in this work to investigate the impact of T2FL 
on clustering for cooperative MIMO WSN. 

3. Proposed Model 

 
A cluster based sensor network model is considered as 
shown in Fig.1 for cooperative MIMO transmission 
using T2FL. The sink node (red square) for the network 
model is assumed to have no energy constraints and is 
equipped with one or more receiving antennas. The 
sensor nodes are geographically grouped into clusters 
consisting of non-cluster head node (squares), cluster 
head node (C0, C1, C2), cooperative sending and 
receiving nodes (circles). In the proposed scheme, the 
cluster heads and the cooperative nodes are reelected 
after each round of data transmission using T2FL. 
 
The transmission procedure of the proposed scheme is 
divided into rounds. Each round has three phases: 
i) Cluster formation phase  
 
In this phase, clusters are organized and CH and 
cooperative MIMO nodes are selected based on T2FL as 
shown in Fig.1 and is described below: 
 
3.1 Cluster head selection 

 
Initially, when clusters are being created, each node 
decides whether or not to become a cluster head for each 
round as specified by the T2FL model [21-30]. Three 
fuzzy input variables are considered to elect the CH for 
each round. The input variables have membership 
functions for each and are shown in Table 1. The fuzzy 
set represents the three input variables i.e, remaining 
battery power, distance to BS and concentration. The 
T2FL model for the proposed system has four 
components: 

 
Fig. 1.   Proposed cooperative MIMO LEACH 
transmission model  

Table1: Membership functions for input variable 
 

Remaining 
Battery power/ 
Energy (RBE) 

Distance to base  
station(DBS) 

Concentration (C) 

Less (0) Near (0) Low(0)
Average(1) Far(1) Medium(1)

High(2) Farthest(2) High(2)

 
 

 
 
Fig. 2.   Type 2 Fuzzy logic for model for the proposed 
system 

Fuzzifier: It translates crisp inputs to fuzzy values 

Fuzzification Module: It combines fuzzy rules and gives 
a mapping of fuzzy input sets (membership functions) to 
fuzzy output sets. 
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Type reducer/Defuzzifier: It generates fuzzy set output, 
and is converted to numeric output 

These fuzzy output sets are given by 7 membership 
functions and the output is confidence factor is derived 
using the expression shown below and is given in Table 
2. 

  
5

0

5

0

5

0

CDBSRBECF
                                (1)  

 
Table2: Membership functions for output variable 

 
Confidence Factor 

Very 
poor (-

1) 

Poor 
(0) 

Below 
Average 

(1) 

Average 
(2) 

Above 
Average 

(3) 

Strong 
(4) 

Very 
Stron

g 
(5) 

 
A node with high confidence factor is elected as cluster 
head node for each round for data transmission. Each 
cluster head, then broadcasts an advertisement message 
using CSMA MAC protocol to their members. 
 
3.2 Cluster set-up 

 
Each non-cluster head node i.e. L-sensor chooses one of 
the strongest Received Signal Strength (RSS) of the 
advertisement as its cluster head, and transmits a Join-
Request (Join-REQ) message back to the chosen cluster 
head i.e., H-sensor. The information about the node’s 
capability of being a cooperative node, is added into the 
message based on the successive higher confidence 
values in the clusters. If H-sensor receives advertisement 
message from another H-sensor y, and if the received 
RSS exceeds a threshold, it will mark H-sensor y as the 
neighboring H-sensor and it records y’s Identifier (ID). If 
the sink receives the advertisement message, it will find 
the cluster head with the maximum RSS, and sends the 
sink position message to that cluster head marking it as 
the Target Cluster Head (TCH). 
 
3.3 Cooperative node selection 

 
After the cluster formation, each H-sensor will select J 
cooperative sending and receiving nodes for cooperative 
MIMO communication with each of its neighboring 
cluster head using T2FL. Nodes with higher confidence 
factor close to the H-sensor will be elected as sending 
and receiving cooperative nodes for the cluster. 
 
In this phase, the cluster head will broadcast a 
Cooperative Request (COOPERATE-REQ) message, to 

each cooperative node which contains the ID of the 
cluster itself, the ID of the neighboring H-sensor y, the 
ID of the transmitting and receiving cooperative nodes 
and the index of cooperative nodes in the cooperative 
node set for each cluster head to each cooperative node. 
Each cooperative node on receiving the COOPERATE-
REQ message stores the cluster head ID, the required 
transmitted power and sends back a cooperate-
acknowledgement message to the H-sensor.  
 
3.4 Schedule creation 

 
After the H-sensors have received the join-REQ 
message, each cluster head creates a TDMA schedule 
and broadcasts the schedule to its cluster members as in 
original LEACH protocol. This prevents collision among 
data messages and allows the radio of each L-sensor 
node to be turned off until its allocated transmission time 
to save energy. 
 
3.5 Routing table construction 
 
The H-sensor maintains a routing table which contains 
the destination cluster ID, next hop cluster ID and the 
IDs of cooperative sending and receiving nodes. Each 
cluster head will inform its neighboring cluster heads of 
its routing table. After receiving route advertisements 
from neighboring cluster heads, the cluster heads will 
update the routing table according to the route cost and 
advertise to its neighboring cluster heads about the 
modified routes. Then the TCH will flood a target 
announcement message containing its ID to each H-
sensor to enable the creation of transmission paths to the 
sink. 
 
3.6 Data transmission phase 
 
In this phase, the L-sensors will transmit their data 
frames to the H-sensor as in LEACH protocol during 
their allocated time slot. Each cluster member will 
transmit its data as specified by TDMA schedule and will 
sleep in other slots to save energy. The duration and the 
number of frames are the same for all clusters. 
  
 After a cluster head receives data frames from its 
cluster members as shown in Fig.1, it performs data 
aggregation to remove redundant data and broadcasts the 
data to M cooperative MIMO sending nodes. When each 
cooperative sending node receives the data packet, they 
encode the data using STBC [12-15] and transmit the 
data cooperatively. The receiving N cooperative nodes 
use channel state information to decode the space time 
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coded data. The cooperative node relays the decoded data 
to the neighboring cluster head node and forwards the 
data packet to the TCH by multihop routing. 

4. Energy Consumption model of proposed scheme 

 
Positioning The energy consumed during each round of 
data transmission for the proposed scheme include: L-
sensor transmitting their data to the H-sensor, routing 
table constructed by the H-sensor, cluster head 
transmitting the aggregated data to the cooperative nodes, 
cooperative node transmitting the data to the receiving 
cooperative nodes and to the receiving H-sensor [12-15]. 
 

4.1 Energy consumption of cluster member  

 
 The energy consumed by the source nodes i.e., L-
sensor to transmit one bit data to the cluster head node is 
given by  

B

PP
MM)Gln(pσα)N(1

πk

1
)(kE crct

l
2

1b
2

f
c

cbs


       (2) 

 
where kc is the number of clusters, α is the efficiency of 
radio frequency (RF) power amplifier, Nf is the receiver 
noise figure, σ2=No/2 is the power spectral density of 
AWGN channel, pb is the bit error probability, G1 is the 
gain factor, M is the network diameter, M1 is the link 
margin, Pct is the circuit power consumption of the 
transmitter, Pcr is the circuit power consumption of the 
receiver and B is the bandwidth. The total number of bits 
transmitted by L-sensor to the cluster head in each round 
is given by 
 

PsF
k

N
)(kS n

c
c1 








                         (3)                                                                                                                               

 
where N is the number of sensor nodes, Fn  is the number 
of frames in each round, P is the probability that the node 
has data to transmit, s is the packet size. The energy 
consumed by a cluster member to transmit data to the 
cluster head is given by 
 

)(k)E(kSk)(kE cbsc1ccs            (4)                         

4.2 Energy consumption of cluster heads  

 
To construct the routing table, energy consumed by the 
H-sensor node for the proposed scheme is given by 
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     (5) 
 
where Rts is the routing table size, Rbt is the time 
required for exchanging routing information, n is the path 
loss factor, Gt is the gain of transmitting antenna, Gr is 
the gain of receiving antenna and λ is the wavelength of 
transmission. The energy per bit consumed by the cluster 
head node to transmit the aggregated data to J cooperative 
nodes for proposed scheme is given by  
 

B

JPP
MM)Gln(pσα)N(1

πk
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l
2

1b
2

f
c

cbc0 ,



        (6) 

 
The amount of data after aggregation for each round by 
H-sensor node is given by  
 

1)agg]Pagg([N/k

)(kS
)(kS

c

c1
c2 


                            (7) 
 
where agg is the aggregation factor 
 
The energy consumed by cluster head node to transmit 
the aggregated data to J cooperative nodes is given by 
 

J),(k)E(kSkJ),(kE cbc0c2ccc0                          (8)  

4.3 Energy consumption of cooperative nodes  

 
The transmitter cooperative nodes of the cluster will 
encode the information using STBC and transmit to the 
receiving cooperative nodes. Consider the block size of 
the STBC code with F symbols and in each block pJ 
training symbols are included and are transmitted in Ts 
symbol duration. The actual amount of data required to 
transmit the S2(kc) bits is given by 
 

pJ))/R(F(kFSJ),(kS c2ce                                   (9)  
 
where R is the transmission rate. The energy consumed 
by J cooperative sending nodes to transmit MIMO data to 
the J cooperative receiving nodes for the proposed 
scheme is given by 
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Similarly, the energy consumed by J receiving 
cooperative nodes or cluster head cooperative nodes to 
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transmit data to the neighboring cluster head/sink 
respectively for C-LEACH and CH-C-LEACH scheme is 
given by 
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4.4 Overall energy consumption for a round 

 
The energy consumption for each round of cooperative 
multihop MIMO data transmission for proposed scheme 
scheme using T2FL can be obtained from Equations (4), 
(5), (8), (10) and (11) and is given by 
 

J)(kEnJ)(kEnJ)(kEn)(kE)(kEJ)E(k ,,,, ccrkccskcc0kcrcsc           (12) 
 

where nk is the average number of hops. The energy 
consumption for each round of data transmission for for 
the proposed cooperative MIMO using T2FL scheme is 
given by 
 

J)(kEnJ)(kEn)(kEJ)E(k ,,, ccrkcc0kcsc         (13) 

5. Results and Discussion 
 

The proposed protocol is simulated for a network size of 
80 nodes using network simulator. The CH node and CN 
are elected using T2FL model based on remaining 
battery power, distance to base station and concentration. 
In this experiment 80 sensor nodes with 40 static nodes 
and 40 mobile nodes with 1J as initial energy are 
uniformly deployed over the area of (x=0, y=0) and 
(x=100, y=100). The base station is located at (x=35, 
x=35). The formation of cluster ensures 5 cluster head 
nodes with J1 cooperative transmitting nodes and J2 
cooperative receiving nodes elected periodically using 
T2FL. Results were observed for MISO (J1=2, J2=1), 
SIMO (J1=1, J2=2) and MIMO (J1=2, J2=2) 
configurations. The duration of each round is 17s. 
 
The performance of the system is evaluated using 
simulation parameters given in Table 3. and results are 
shown in the Figs. 3 to 7. Fig 3 shows the cluster 
formation, cooperative node selection and data 
transmission of an energy efficient multi input multi 
output technique for the proposed wireless sensor 
network. 
 
 
 
 

Table3: Simulation Parameters 
 

Type Parameter Value 

Network 
Topology 

Network size 
No .of Nodes 
Expected no. of 
clusters 
Base station Location 
Channel

100*100m 
80 
5 
 
35*35m 
Wireless

Radio Model 
Energy Model 
Start up energy 

Battery 
1J 

Application 

Simulation time 
Round Time 
Data packet size  
Bandwidth 

100s 
17s 
24  bytes 
1 Mbps

 
Performances of the system such as Network life time, 
average energy dissipation, throughput and fist node 
death are evaluated for the proposed and compared with 
existing protocols. 
 

5.1 Network Lifetime 

 
Network lifetime is the time at which the last node runs 
out of energy to send a packet to base station. Fig.7. 
shows the lifetime of LEACH protocol, Fuzzy LEACH 
and MIMO Fuzzy LEACH for diversity order (2*2). 
From the results it is evident that 2*2 T2FL MIMO 
LEACH performs better than other schemes and 
maximizes the network lifetime. This is because MIMO 
schemes combat fading and provides significant 
improvements in gain. 

 

5.2 Average Energy Dissipation 

 
The average and the minimum power level required by 
nodes within the cluster range to reach cluster head is 
shown in Fig.4. The average energy dissipated for 
LEACH, Fuzzy LEACH and cooperative (2*2, 2*1, 1*2) 
schemes are shown in Fig.5. It is observed that as the 
diversity order increases the system with 2 cooperative 
sending and receiving nodes require lesser energy 
consumption and validates the better performance of 
proposed scheme. 
 

5.3 Throughput 

 
When node transmits data, its neighboring nodes are 
prohibited from transmitting node due to the 
interference. Therefore, the network throughput is 
interference limited .It is observed from Fig.5. that the 
throughput of the proposed cooperative MIMO is larger 
and performs better than the existing schemes. It is 
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evident that MIMO can significantly reduce interference 
and provide data transmission packets to base station 
with fewer errors and requires no retransmission. 

 

 
 

Fig. 3.   Data transmission using proposed cooperative 
MIMO Scheme 

 
 

Fig. 4.   Average Energy dissipation/ number of rounds 

 
 

Fig. 5.   Throughput vs time 

 
Fig. 6.   First node dies vs time 

5.4 Stability 

 
It is the period for which the network is stable without 
any node death. It is the time of start of network till the 
first node death. Fig. 6 shows the first node death vs 
time. It is observed that 2x2 MIMO T2FL performs 
better that T2FL and LEACH protocols. 

 
 

Fig.7. Network lifetime 
 

6. Conclusion 
 

An attempt has been made in the present work to 
enhance the lifetime of WSN through cooperative MIMO 
cluster based approach. The sensor network is divided 
into clusters and at each cluster a cluster head and 
cooperative node is elected based on Type 2 fuzzy logic 
model. Fuzzy descriptors such as concentration, distance 
to base station and remaining battery power are 
considered and the confidence factor is evaluated for the 
node to become a non-cluster head, CH and CN.  The 
proposed cooperative MIMO routing scheme using type-
2 fuzzy logic maximizes the sensor network lifetime and 
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the results are validated through simulation.  Simulation 
results reveal that tremendous energy savings is achieved 
by adopting 2x2 cooperative MIMO T2FL scheme 
among the clusters. The system saves 60% of energy by 
exploiting diversity gain and multihop communication 
among the cluster head nodes. Moreover, the proposed 
2x2 MIMO T2FL scheme prolongs the network lifetime 
with 70% of nodes remaining alive than LEACH 
protocol. 
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