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Abstract. Energy efficiency is a foremost concern in Wireless Sensor Networks 
(WSNs). It aims to maximize the network lifetime which is defined as the time 
duration until the battery depletion  of the first node. The aim of our approach is 
to provide the optimal transmission power taking into account the signal to 
noise ratio (SNR) constraint at the Fusion Center (FC) while guaranteeing the 
required performance. In this article, we address the lifetime maximization 
problem under non-orthogonal channels assuming two cases. In the first case, 
the nodes have the perfect knowledge of all channel gains. While in the second 
case, we propose several extensions to the unacknowledged channel gains by 
the nodes. In both cases, we consider that the nodes transmit their data to the FC 
over Quasi-Static Rayleigh fading Channel (QSRC). Simulation results show 
that the proposed optimal power allocation method maximizes the network 
lifetime better then the EP method. 
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1 Introduction 

Wireless Sensor Networks (WSNs) represent a technological revolution resulting 
from convergence of electronic and wireless communication systems. A WSN is a 
special network composed from a large number of nodes equipped with an embedded 
processor, sensors and a radio. These nodes have very limited resources which should 
be wisely used while trying to provide an acceptable QoS. Since nodes in WSNs are 
battery powered and changing batteries is a very difficult operation due to highly 
varying topology and deployment characteristics, the energy consumption should be 
taken into account in order to maximize nodes lifetime. Then, the most important 
objective for the WSN is to maximize the network lifetime by making the nodes run 
for a long time. The network lifetime has been defined in various ways. It may be 
defined as the time until the first sensor runs out of energy as in [1], others have 
defined it as the time until the last sensor runs out of energy[2][3]. In this work, we 
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consider the first assumption. In literature, there are several works that have treated 
the same issue and which will be quoted in brief in this article.   

We begin by mentioning the work of Belmega et al. in [4] which conclude that 
MIMO systems are more energy efficient than SISO systems if only the transmitted 
power consumption is taken into account. However, when the circuitry energy 
consumption is considered, this conclusion is no longer true.  

In the WSN, however, the node cannot carry multiple antennas at the same time 
due to his limited physical size. Therefore, a new transmission technique called 
“Cooperative MIMO” has been proposed in [5] [6] for a better diversity reception. 
This technique is based on the cooperation principle where the participating nodes 
(relays) form a distributed antenna array to achieve the diversity gain of the MIMO 
system, in other words, the MIMO technology is virtually introduced. 

Several studies have addressed the problem of maximizing the network lifetime 
using various methods for minimizing energy consumption. In [7] [8] optimal 
solutions are presented for maximizing a static network lifetime through a graph 
theoretic approach using static broadcast tree. In [8] Thomas et al. have presented an 
optimal solution for maximizing the network lifetime through a graph theoretic 
approach using a static multicast tree. Bhardwaj et al. [9], [10] have explored the 
fundamental limits of energy-efficient collaborative data-gathering by deriving upper 
bounds on the lifetime of increasingly sophisticated sensor networks assuming that 
sensor nodes only consume energy when they process, send or receive data. In [7], the 
authors have studied the node density vs. network lifetime tradeoff for a cell-based 
energy conservation technique. 

In this paper, we introduce a novel method for maximizing the network lifetime 
under the non-orthogonal channels taking into account the total SNR constraint at the 
FC. The next part of this paper is organized as follows: Section 2 explains our method 
applied to the non-orthogonal channels considering that the nodes have direct access 
to the FC and they transmit their data over a QSRC. We assume two cases; in the first 
case, we consider that the nodes have the perfect knowledge of all channel gains. In 
the second, we consider that the nodes do not have knowledge of all channel gains. 
Section 3, presents the conducted experiments and the last section concludes the 
paper. 

2 Background and Definitions 

In this section, we give a background and precisely define the terms used throughout 
this paper. We assume a Fusion Centre (FC) and M sensors randomly distributed in 
the area of interest and these sensors have a direct access to the FC (see figure 1). We 
consider that the nodes transmit their data over quasi-static Rayleigh fading channels 
and each sensor has an initial energy noted by ܧ௜௡௧ . 
We assume that the sensed observation, when a monitored event occurs, is 
contaminated with Additive White Gaussian Noise (AWGN) noted by ݊௜. The noisy 
observation from the ݅௧௛ sensor can be written as:                                                          ݔ௜  ൌ ൅ ߠ ݊௜                                                                     (1) 
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Where ߠ is the actual parameter being measured and ݊௜ is the additive complex 
Gaussian noise with ݊௜ ׽ ;Ɲሺ0ܥ  ௜ to beݔ ௜௧ଶሻ. To ensure that this noisy observationߪ
transmitted to the FC, it must be multiplied by the transmitter gain ݓ௜ . We note that 
the transmission power is written as ݌௜  ൌ ௜ଶ ሺ1ݓ  ൅ ଶሿߠሾܧ ௜௧ଶ ሻ considering thatߪ ൌ 1 , 
where, ܧሾ: ሿ is the mathematical expectation operator [14].  

We assume that the noisy observations transmitted to the FC have another noise 
noted  ݊௥ with an additive complex Gaussian distribution ݊௥ ׽ ;Ɲሺ0ܥ   ௥ଶሻ and ݄௜ isߪ
the ݅௧௛ channel coefficient from the sensor i to the FC. We consider that |݄௜| has a 
Rayleigh distribution where ߪ௛௜ଶ  represents the well known variance, where,  

݂ሺ|݄௜|ሻ ൌ |݄௜|݁ቆି|௛೔|మଶఙ೓೔మ ቇߪ௛௜ଶ  

In this article, our goal is to maximize the network lifetime that is written as follows:                                                                  ܮ ൌ  ܰ כ ܶ                                                            (2) 

Where the T is the period measurement of channel condition (we consider that T=1 to 
simplify), N is the number of transmissions before the network misses energy. 
Consequently, to maximize the networks lifetime it is sufficient to maximize the 
number of transmission for each sensor, taking into account the estimation of overall 
SNR constraint at the FC, then the general formulation of our problem as:  

ቐ ሾܰሿܴܵܰܧ ݔܽܯ ൒ 0ߛ    ൑ ௜ܲ ൑   ௜௡௧ܧ

In our work, we focus on the optimal power allocation problem for WSNs under Non-
Orthogonal channels assuming two cases quoted previously. In addition, we suppose a 
linear minimum mean square-error (LMMSE) detector is used at the receiver.  

2.1 Non-orthogonal Channel (Known Channel States) 

We assume M sensors randomly distributed in the area of interest using non-
orthogonal channels between the FC and each sensor (Figure 1).  We consider that the 
nodes have Channel State Information (CSI). 

 

Fig. 1. System model 
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The received signal at the FC is defined by: 

ൌ ݕ    ෍ ݄௜ݓ௜ ሺߠ ൅ ݊௜ሻ ൅ ݊௥ெ
௜ୀଵ  (3) 

Assuming that we use real channels, the SNR at the FC corresponding to M sensors 
using the MMSE detector is given by: 

          ܴܵܰ  ൌ ൫∑ |݄௜|ݓ௜ெ௜ୀଵ ൯ଶ෌ ௜௧ଶߪ௜ଶ|݄௜|ଶݓ ൅ ௥ଶெ௜ୀଵߪ  (4) 

Our aim is to maximize the batteries lifetime duration while keeping the expected 
value of SNR greater than or equal to a target value γ.   

At the ݈௧௛ instant, maximizing the lifetime relies on minimizing the power 
consumption; therefore, the problem formulation is given as follows: 

 

  
(5) 

To find the optimal points, we use the Lagrange method while satisfying the 
constraints quoted before. The Lagrangian £ can be written as follows: 

 

 

 

(6) 

Let consider the Karush-Kuhn-Tucker (KKT) [14] conditions for the problem:  

 

(7) 

Then, the partial derivative of £ with respect to w୩ is: ∂ࣦ∂w୩ሺ୪ሻ ൌ 2  w୩ሺ୪ሻሺ1 ൅ σ୩୲ଶ ሻ െ  λ୩ ൅ 2 ν୪ γ |h୩ሺ୪ሻ|ଶσ୩୲ଶ w ୩ሺ୪ሻ െ 2ν୪  |h୩ሺ୪ሻ| ൥෍ w୧ሺ୪ሻ|h୧ሺ୪ሻ|M
୧ୀଵ ൩ 
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Taking into account the KKT conditions, we find that ν୪ ൐ 0 and λ୩ ൌ 0. Thus, 

              w ୩ሺ୪ሻ ൌ  ν୪ |h୩ሺ୪ሻ|ሺ∑ w୧ሺ୪ሻ|h୧ሺ୪ሻ|M୧ୀଵ ሻ൫1 ൅ σ୩୲ଶ ൯ ൅ ν୪ γ |h୩ሺ୪ሻ|ଶσ୩୲ଶ  (8) 

To find the value of   ∑ w୧ሺ୪ሻ|h୧ሺ୪ሻ|M୧ୀଵ  we replace (8) in (7), and it becomes: 

   ൥෍ w୧ሺ୪ሻหh୧ሺ୪ሻหM
୧ୀଵ ൩ଶ ൌ  γσ୰ଶ

1 െ γν୪ଶ ൦ා หh୧ሺ୪ሻหସቂሺ1 ൅ σ୧୲ଶ ሻ ൅ ν୪ γ หh୧ሺ୪ሻหଶσ୧୲ଶ ቃଶ
M
୧ୀଵ

σ୧୲ଶ ൪       
(9) 

Finally, equation (8) becomes: 

w ୩ሺ୪ሻ ൌ  ν୪ ቚh୩ሺ୪ሻቚ σ୰√γ 
൤൫1 ൅ σ୩୲ଶ ൯ ൅ ν୪ γ ቚh୩ሺ୪ሻ ቚଶ σ୩୲ଶ ൨ ඪ1 െ γν୪ଶ ێێۏ

ාۍ ቚh୧ሺ୪ሻቚସ
൤൫1 ൅ σ୧୲ଶ ൯ ൅ ν୪ γ ቚh୧ሺ୪ሻቚଶ σ୧୲ଶ ൨ଶ

M
୧ୀଵ σ୧୲ଶ ۑۑے

 ې
 

Now, the challenge is to find the value of ν୪ .Therefore, we multiply equation (8) 

by ห݄௞ሺ௟ሻห, After that, we compute the sum of all the resulting equations, we obtain: 

෍ |h୩ሺ୪ሻ| w ୩ሺ୪ሻM
୧ୀଵ ቎1 െ  ෍ ν୪ ቚh୩ሺ୪ሻቚଶ

൫1 ൅ σ୩୲ଶ ൯ ൅ ν୪ γ ቚh୩ሺ୪ሻቚଶ σ୩୲ଶ
M

୧ୀଵ ቏ ൌ 0 

Since ∑ h୩w ୩ሺ୪ሻM୧ୀଵ ് 0 , we obtain: 

                            ා หh୩ሺ୪ሻหଶ1 ൅ σ୩୲ଶ ቂ1 ൅ ν୪ γ หh୩ሺ୪ሻหଶቃ ൌ 1ν୪
M

୧ୀଵ
              (10) 

This equation is not written in a closed-form solution. So, it can be solved 
numerically using the function "Fminsearch" [13]. 

2.2 Non-orthogonal Channel (Unknown Channel States) 

Since the previous assumption is not actually valid for some practical systems, then, 
in this section, we consider the same assumptions of the previous section except that 
in which the nodes do not have a Channel State Information (CSI). The received 
signal at the FC from ݅௧௛ sensor is defined by: 
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௜ݕ   ൌ ݄௜ݓ௜ ሺߠ ൅  ݊௜ሻ  ൅ ݊௥ 

The average SNR at the FC in this case is not similar to that in the previous section, it 
can be written as follows: 

ܴܵܰ ൌ ෍ ௜ଶݓ ห ݄௜ሺ௟ሻหଶெ௜ୀଵ෍ ௜ଶหݓ௜௧ଶߪ ݄௜ሺ௟ሻหଶெ௜ୀଵ ൅ ௥ଶߪ  (11) 

Our aim is to maximize the lifetime of our network by taking into account the 
estimation of overall SNR at FC. To maximize the networks lifetime it is adequate to 
minimize the transmission power for each sensor, then, our problem formulation as: 

۔ۖەۖ                               
ۓ ݊݅ܯ ෍ ௜ሺ௟ሻమݓ ሺ1 ൅ ௜௧ଶߪ ሻெ

௜ୀଵ                   ܴܵܰ ൒ ௜ܲ                   ߛ    ൒ 0                   
.  (12) 

To find the optimum power, we will use the Lagrange method as an optimization 
method, while satisfying the constraints quoted before. Using the equation (12), the 
Lagrangian £ can be written as follows: 

 ࣦ ൫ݓ௜ሺ௟ሻ, ,ߣ ൯ߥ ൌ  ෍ ௜ሺ௟ሻమ ሺ1ݓ ൅ ௜௧ଶ ሻெߪ
௜ୀଵ – ෍ ௜ሺ௟ሻమ ெݓ ௜ߣ 

௜ୀଵെ ߥ ൥෍ ௜ଶ ห ݄௜ሺ௟ሻหଶெݓ
௜ୀଵ െ ߛ ෍ ௜ଶห ݄௜ሺ௟ሻหଶெݓ௜௧ଶߪ

௜ୀଵ െ  ௥ଶ൩ߪߛ

With the Karush-Kuhn-Tucker (KKT) Conditions for the problem are given by: 

 
ەۖۖ
۔ۖۖ
ۓ ௜  ൒ߣ 0  , ൒ ߥ 0, ௜ሺ௟ሻݓ  ௜ߣ  ൌ 0൥෍ ௜ଶݓ  ቚ ݄௜ሺ௟ሻቚଶெ

௜ୀଵ െ ߛ ෍ ௜ଶݓ௜௧ଶߪ ቚ ݄௜ሺ௟ሻቚଶெ
௜ୀଵ െ ௥ଶ൩ߪߛ    ൌ ௞ሺ௟ሻ ݓ0߲ࣦ߲ ൌ 0.

 

The partial derivative of ࣦ with respect to ݌ ௞ሺ௟ሻ is:  ߲ࣦ߲ݓ ௞ሺ௟ሻ ൌ 1 ൅ ௞௧ଶߪ െ  ߣ௞ െ ห ݄௞ሺ௟ሻหଶሾ 1ߥ  െ ௞௧ଶߪߛ ሿ ൌ 0 
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In that case, the Lagrangian method does not lead us to solve our problem. According 
to the equation (12), and knowing that the denominator is positive, we have:  

 ෍ ௜ଶ ห ݄௜ሺ௟ሻหଶெݓ
௜ୀଵ െ ߛ ෍ ௜ଶห ݄௜ሺ௟ሻหଶெݓ௜௧ଶߪ

௜ୀଵ ൒  ௥ଶߪߛ

Then,                         ෍ ௜ଶ ห ݄௜ሺ௟ሻหଶሺ1ݓ െ ௜௧ଶெ௜ୀଵߪߛ ሻ ൒  ௥ଶߪߛ

We can observe that our equation is written as: ்ܽܺ ൒  hat is called a linear matrixݐ  ܾ
inequality (LMI) [17] in x: ்ܽܺ ൌ . ଵܽଵ ൅ݔ  . . ൅ ݔ௡ܽ௡  ൒  ܾ,  
with  ܺ ൌ ሾݓଵଶ, ,ଶଶݓ … . . , ெଶݓ ሿ,     ܾ ൌ ௥ଶ        and aൌߪߛ ቂห ݄ଵሺ௟ሻหଶሺ1 െ ଵ௧ଶߪ ሻ, ห ݄ଶሺ௟ሻหଶሺ1 െߪଶ௧ଶ ሻ, … … . , ห ݄ெሺ௟ሻหଶሺ1 െ ெ௧ଶߪ ሻቃ. Then, the problem can be solved numerically. 
3 Simulation 

Several simulations have been conducted using MATLAB in order to compare and 
evaluate the behavior of both the Equal Power (EP) method [16] and our novel 
approach. For each simulation, we study the network lifetime while increasing the 
number of nodes. The simulations parameters are generated randomly such that each 
parameter p belongs to a uniform distribution between ߰ and ߮, ݌ א ܷሾ߰; ߮ሿ. 
3.1 Non-orthogonal Channel (Known Channel States) 

Figure 2 shows the lifetime network while increasing the number of nodes using non-
orthogonal channels where the channel coefficients are known. As it can be seen, the 
proposed approach improves EP method concerning the network lifetime. Actually, 
the network lifetime is extended by an average of 82, 80%. Table 1 shows the 
parameters used for simulations. 

Table 1. Simulations parameters   

Estimate Parameters 
U[0.1, 0.2]  σ୦୧ଶ : The variances of channel estimation 

0.5  σ୰ଶ: The noise variance at the FC 
U[0.02, 0.1]  σ୧୲ଶ : The observation noise variances 
U[200, 500]  ε୧: The initial energy 

3.2 Non-orthogonal Channel (Unknown Channel States) 

In Figure 3, we can observe that our new method is more effective than the EP 
method concerning network lifetime. The batteries lifetime duration is extended by an 
average of 79, 98%. Table 1 shows the parameters used for simulations. 
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Fig. 2. Non-Orthogonal Channel (Known 
Channel States)  

Fig. 3. Non-Orthogonal Channel (Unknown 
Channel States) 

4 Conclusion 

This paper presented a new algorithm which aims to maximize the network lifetime 
under Non-Orthogonal channel configuration. This method takes into consideration 
the estimation of the overall SNR at the FC. We showed that our new method in the 
both cases consumes less energy than the EP method. The future work is to adapt our 
new method to the wireless communication using energy harvesting transmitters. 
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