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Abstract—In this paper, cooperative Multiple Input Multiple Output (MIMO) sensor network based on 
Discrete Fourier Transform (DFT) in Wireless Sensor Network (WSN) is proposed to improve the network 
lifetime. The performance of proposed MIMO cooperative DFT scheme is evaluated in terms of energy 
efficient and reliability. The transmission power is reduced by using MIMO cooperative DFT scheme, Bit 
Error Rate (BER) analysis for BPSK, QPSK, 16 PSK modulations in MIMO cooperative DFT is presented. 
Simulation outcomes display that the network lifetime of the suggested MIMO cooperative scheme 
enhances 1.8 times compared with MIMO cooperative WSN. Outcomes display that when the Accesses 
Points (AP) is above a certain height, the suggested MIMO cooperative DFT protocol can remarkably 
extend network lifetime compared with other cooperative protocols. 
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I. INTRODUCTION 

In [1], the author discussed several operational advantages for Radar sensor network, including bistatic and 
multi-static radars. In radar sensor networks, each Radar can be an independent sensor that sends a particular 
waveform and receives the identical returns. 

In [2], the author carries out vast numerical simulations with distinct waveforms that can be applied in 
allocated radar sensor networks, like down-chip and up-chip waveforms, the slightly   interfere or opposite chirp 
rate LFM waveform and the OFDM chirp varied waveform. 

In [3], the author developed a new dispensed transmission strategy, which employs the   domestic information 
on both the channel state and the residual energy of sensor nodes. Moreover, he showed that the network 
lifetime depends on not only the initial energy of the sensors and the number of sensors but also the average 
transmission energy and the average residual energy in the network. 

In [4], the author considered MIMO systems based on Altamonte diversity scheme. By transmitting and 
receiving information jointly, he showed that through several distance ranges, cooperative MIMO transmission 
and reception can simultaneously obtain both energy savings and delay decrease. 

In [5], several cooperative protocols like amplify and forward (AF), decoded and forward (DF), and space 
time coded cooperation have been suggested. 

In [6], the author proposed a modern divided cooperative MAC protocol to enhance the lifetime of WSN. In 
this protocol, both channel state information (CSI) and residual energy information (REI) of sensor nodes are 
counted to select the cooperative nodes.  

In [7], the author proposed a new energy active clustering based protocol for single-hop heterogeneous WSN. 
The proposed protocol employs channel state information in the election procedure of cluster heads (CHs). 
Cluster heads are chosen in each cluster on the basis of residual node energy and the best channel. 

In [8], the author proposed energy saving improvement technique to increase stability period of WSNs, 
optimal number of clusters are used and cluster heads are selected based on residual energies and distances. 

In this work, we present and assesse a new MIMO cooperative energy efficient strategy based on DFT for 
wireless sensor network. We are particularly interested to extend the lifetime of WSN. 

The paper is arranged as follows: in Section II, MIMO cooperative DFT is presented. The performance of 
MIMO cooperative DFT is assessed through simulations via MATLAB in Section III. Some understanding 
comments are stated in Section IV. 

II.  MIMO COOPERATIVE DFT MODEL 

Let us consider a model as shown in Fig.1, a wireless radar network with M arbitrarily placed radar nodes and 
an Access Point (AP) is counted.  AP is suited above the circular sensing area.   

Each Radar can be a source node that transmits its data or it can be a relay node that supports proceed data of 
the source node.  There are two stages during cooperative communication: (1) radar source node sends data 
using power P1, and these signals can be overload by AP and the nominated repeat node at the same time. (2) If 
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the repeat node decodes the received signals properly, it then resends them with power P2, else it remains quite.  
Signals received in these two stages can be jointed using Maximum Ratio Combining (MRC) scheme. The 
signals received by AP are given by the following equations: 

௦௥ሺ݊ሻݕ ൌ √ܲଵ݄௦௥ሺ݊ሻ ݔሺ݊ሻ ൅ ƞ௦௥ሺ݊ሻ                                                             (1) 

௦ௗሺ݊ሻݕ ൌ √ܲଵ݄௦ௗሺ݊ሻ ݔሺ݊ሻ ൅ ƞ௦ௗሺ݊ሻ                                                             (2) 

௥ௗሺ݊ሻݕ ൌ ඥ ෠ܲ
ଵ݄௥ௗሺ݊ሻ ݔሺ݊ሻ ൅ ƞ௥ௗሺ݊ሻ                                                                 (3) 

ሺ݊ሻݕ ൌ √ܲଵ ݄௦ௗሶ / ଴ܰݕ௦ௗሺ݊ሻ ൅ ඥ ଶܲ
෢݄௥ௗሶ / ଴ܰݕ௥ௗሺ݊ሻ      (4) 

 
Fig. 1. WSN model with a group of sensor nodes 

Where ଵܲis the transmission power of the source node, and x(n)is the transmitted symbol with unit average 
power.  ݄௦௥  (n) ,݄௦ௗ (n)and݄௥ௗ (n) are channel gains of the source-relay, source-BS and relay-BS channels 
modelled as CN (0,ߪ௦௥

ଶ ),CN (0,ߪ௦ௗ
ଶ ) and CN (0,ߪ௥ௗ

ଶ ), respectively. 

We assume that instantaneous gains of different links are mutually independent.ƞ௦ௗ, ƞ௦௥. ƞ௥ௗ and   additive noise 
modelled as CN (0, ଴ܰ). The repeat node and BS are eligible to decide if the decoded packet is proper by cyclic 
redundancy check (CRC) code attached to the end of data packet. When the repeat node decodes the received 

Packet correctly, ଶܲ
෢= ଶܲ,  otherwise ,  ଶܲ

෢  = 0. For slow fading channels, the channel coefficients stay fixed in a 
time slot and the subscript n can be omitted. In the following part, optimal power allocation strategy that 
minimizes the total transmission power expose to BER restriction is obtained at the base station. Suppose that 
all channel links are obtainable. 

௦௥ߪ )
ଶ ௦ௗߪ   ,0 ≠  

ଶ ௥ௗߪ, ,0 ≠ 
ଶ  ≠ 0), the average BER performance for cooperative communication with M-PSK or M-

QAM modulation is upper-bounded by [4] :  

Let us consider a MIMO radar where ܯ௧,  ܯ௥ transmistting and reciveing antennas are colcated. Assume the 
target located atሺߠ, ܴሻ,  the received baseband signal at the M antenna element of the receiver array, derived 
from the electric filed mode is given by : 

ሻݐ௠ሺݔ ൌ  
ߤ
଴ ఉ ௘షೕ಼೘

೅
௥೘

‖௠ݎ‖ߨ4
൦݄௥,௠ ൮൫ ௥ܷ௠,௧൯ ∗ ෍

݄௧,௜ሺ ௥ܷ௠  , ሻݐ

‖௜ݎ‖

ெ೟షభ

௜ୀ଴

∗ ܿ௜ሺݐ െ ߬௜ െ ߬௠ሻ݁
௝൫ଶగ௙೎௧ି௄೔

೅௥೔൯൲൪ ݁ି௝ଶగ௙೎௧ ൅ ܼ௠ሺݐሻ 

                                                                                                                                                                             (5) 

݉ ൌ 0,……… ௧ܯ, െ 1   where  ߬௜ ൌ ௜ܭ 
௠ݎ ் ߨ2 ௖݂⁄  ,      ߬௠ ൌ ௠ܭ 

௠ݎ ் ߨ2 ௖݂⁄  

and Z(t) is the noise and interfrence recived by  mth  antenna element. Equation (5)  can be rewritten by : 

ሻݐ௠ሺݔ ൌ  
ఓ
బ ഁ ೐షೕ಼೘

೅
ೝ೘
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ቈ݄௥,௠ ቆ൫ ௥ܷ௠,௧൯ ∗ ∑
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௜ୀ଴ ∗ ܿ௜ ൬ݐ െ  

௄೔
೅௥೘

ଶగ௙೎
െ

௄೘
೅

ଶగ௙೎
൰ ݁௝൫ଶగ௙೎௧ି௄೔

೅௥೔൯ቇ቉ ݁ି௝ଶగ௙೎௧ ൅

ܼ௠ሺݐሻ   (6) 

݉ ൌ 0,……… ௧ܯ, െ 1 

where   ܿ௜ሺݐሻ is wideband signal, applying freqyency transform to write equation (4) in frequncey doiman we 
get : 
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ቁ
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                                                                                                                                                                          (7) 

The antenna radiation pattern (7) is given by: 

௠ሺ݂ሻݔ ൌ  ߚ ߙ 
ଵ

‖௥೘‖
݁
ି௝௄೘

೅ ௥೘ቀଵା
೑

೑೎
ቁ
݃௥,௠ሺ∅, ݂ ൅ ௖݂ሻ∑

ଵ

‖௥೔‖
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೅
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௙

௙೎
ቁ ௜ሺ݂ሻெ೟ିଵܥ

௜ୀ଴              (8) 

Whereܺሺ݂ሻ ൌ   ൣܺ଴ሺ݂ሻ……ܺெೝିଵ  ሺ݂ሻ൧
்
ሺ݂ሻܥ  , ൌ   ெೝିଵ  ሺ݂ሻ൧ܥ……଴ሺ݂ሻܥൣ

்
, ܼሺ݂ሻ ൌ   ൣܼ଴ሺ݂ሻ……ܼெೝିଵ  ሺ݂ሻ൧

்
 

the wideband steering transmitting and receiving vectors are given respectively 

ܽ௧ ሺ∅, ݂ሻ ൌ  
ଵ

ோ
݁௝ଶగቀ

೑శ೑೎
ೡ
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                           (10) 

The DOA estimation mechanisms will be completed by two dimension search over parametersሺ∅, ݂ሻ,  in the 
plane wave case the product  ሺܭ௜

 : ௜ሻ is given byݎ்

௜ܭ
௜ݎ் ൌ  

ଶగ௙೎

௩
ቀܦ െ ቀ݅ െ

ெ೟ିଵ

ଶ
ቁ ቁݐ݀ ∅݊݅ݏ ൅

ଶగ௙೎

௩
݅       ∅ݏ݋ܿܪ ൌ 0,…… ௧ିଵܯ,

                                    (11) 

After omitting the common to every element of array, the plane wave wideband steering vector will be given by: 

ܽ௧ ሺ∅, ௖݂ሻ ൌ    ቂ݃௧,௜
∗ ሺ ∅, ௖݂ ൅ ݂ ሻ݁௝ଶగሺ௙೎  ା௙ሻ ቀ

ெ೟ିଵ

ଶ
െ ݅ቁ
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௩
ቃ
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                                              (12) 
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                                 (13) 

Assuming that the radiation patterns of the antenna elements are identical, subsequently, the plane wave steering 
vectors are finally given as: 

ܽ௧ሺ∅௞, ሻ݌ ൌ   ൤݁
௝ଶగ൫௙೎ା௙೛൯ቀ

ಾ೟షభ
మ

ି௜ቁ
೏೟ೞ೔೙∅ೖ

ೡ ൨
௠ୀ଴,…,ெ೟షభ

                                                   (14) 

ܽ௥ሺ∅௞, ሻ݌ ൌ   ൤݁
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మ
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೏೟ೞ೔೙∅ೖ

ೡ ൨
௠ୀ଴,…,ெ೟షభ

                                                                               (15) 

III. SIMULATION RESULTS 

Figure 2 describes the network lifetime of WSN with Cooperative sensors and cooperative by using DFT. 
The number of sensors varies from 4 to 14. Obviously, the network lifetime of DFT Cooperative technique is 
bigger than that of cooperative scheme for any number of sensors. For example, for a WSN with 14 sensors, the 
DFT cooperative technique enhances the network lifetime by 1.8 times that of cooperative technique. 

TABLE  I. COMMUNICATION SYSTEM PARAMETERS 

Parameter Value 

Carrier  Frequency 1 GHz 

Packet Size 512 bits 

Data Rate 10 KB 

Noise െ40 dB 

 ௜௡௜௧ 1ܧ

Transmit antenna 3 

Receive antenna 3 

Bit Error Rate (BER) 10ିଷ 

Number of Targets 3 

Power transmitted  0.2  W 

Raduis of the Network  100 m 
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Fig.  2.  Comparison of Lifetime for Cooperative and DFT Cooperative cases. 

Figure 3 shows the network lifetime of a WSN for both cases: Cooperative and DFT Cooperative under 
different modulation schemes.  We can see from this figure that compared with BPSK, QPSK, and 16PSK 
modulation, BPSK has much better lifetime performance for both Cooperative and DFT Cooperative, also we 
can see the DFT Cooperative performs better than Cooperative for all cases of modulations.   

 
Fig. 3. Lifetime for Cooperative and DFT Cooperative under different Modulation schemes. 

Figure 4 depicts the network lifetime over the distinct altitudes of Access Points. The number of sensor nodes 
is fixed to 100. We see that DFT Cooperative scheme under different modulations outperforms Cooperative 
scheme at all heights of access points. In addition, Figure 4 indicates that as the altitude of Access Points 
increase, the transmission power rises and thus the average network lifetime reduces.  

Figure 5 depicts the network lifetime with different BER requirements. We can see from this figure that 
BPSK performs better than other modulations such as QPSK and 16 PSK. 
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Fig.4. Lifetime for Cooperative and DFT Cooperative over different heights of Access Points. 

 
Fig. 5. Lifetime for DFT Cooperative with different BER Constraints. 

IV. CONCLUSION 

In this paper, we have considered a new MIMO cooperative based on DFT is proposed to expand the lifetime of 
wireless sensor networks. The scheme is evaluated to minimize the energy consumption.  The simulation results 
reveal that our protocol improves the network lifetime compared with MIMO cooperative protocol. Also high 
performance can be obtained when the numbers of sensor nodes are increased. Through simulation results, we 
also see that with the same average BER constraint the lifetime performance of BPSK is highly superior than 
QPSK and other modulation scheme. 
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