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Summary 
Spatial Modulation (SM) is a recently proposed technique that 
increases the overall spectral efficiency therefore the energy 
consumption on Wireless Sensors Network is minimized. In 
addition, this technique can improve the capacity of CMIMO 
schemes by using the transmit antenna index and 
amplitude/phase modulation to transmit information bits. For this 
reason, combining CMIMO scheme to SM can achieve energy-
efficiency improvement [1]. The main idea introduced in this 
paper is based on CMIMO-SM scheme by optimizing the 
constellation size b for minimizing the energy consumption.  At 
first time, we present the system model of CMIMO-SM concept 
used. Then, we elaborate the proposed scheme and examine its 
performance by numerical simulations. The results show an 
important savings of total energy consumption. 
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1. Introduction 

In wireless sensors network (WSN), sensor nodes operate 
on batteries but this one is energy limited. In addition, it 
could be difficult or impossible to recharge or replace it. 
Therefore saving energy consumption in wireless sensors 
network (WSN) is a critical issue. Several researches on 
multiple input multiple output (MIMO) technique show the 
performance of this one to reduce energy. But direct 
application of this technique to wireless sensors network is 
impractical due to the size of the sensor node. Typically, 
the sensor node is a tiny device which can’t support more 
than one antenna. As a solution, we need to allow 
cooperation between devices for transmission information. 
Hence, the use of cooperative MIMO (CMIMO) scheme is 
necessary. 
In other side, a new approach “spatial modulation” [3, 4, 
5] is developed recently which increases the spectral 
efficiency. Only one antenna remains active during 
transmission which can effectively avoid the inter-channel 
interference (ICI). To get advantages of these both 
techniques CMIMO and SM, a new approach named 
CMIMO-SM is proposed by Yuyang Peng and Jaeho Choi 
in [1]. Based on this scheme, since that the total energy 
consumption is function of constellation size b, we have 

find an optimal value for b which minimizes this energy for 
each transmission distance d. 
In this paper, we first represent the related work in section 
2. Then, we present the system model used in section 3 as 
well as the CMIMO-SM and its application. The energy 
consumption model is detailed in section 4. In section 5, 
we present the optimization algorithm. Simulations results 
are shown and discussed in section6.  Finally, section 7 
concludes with insights for future researches in reducing 
energy consumption in WSN. 

2. Related work 

In [2], Cui and al proposed the CMIMO concept for the 
first time for single hop transmission in WSN. In [3], a 
new technique “Spatial Modulation (SM)” is proposed to 
minimize the energy consumption by improving the 
spectral efficiency. In [1], the authors are relied to [2] and 
[1] to propose a new approach combining the CMIMO 
concept with SM to reduce energy consumption. The 
authors of [4] are discussed challenges, opportunities and 
issues related to the implementation of SM–MIMO. 

3. System Model 

We consider a wireless sensors network divided into many 
clusters where each node is equipped with only one 
antenna. Cooperative Multiple Input Multiple Output 
(CMIMO) and Spatial Modulation (SM) are the practical 
techniques to transmit information, provide high spectral 
efficiency and avoid Inter-Channel Interference (ICI) by 
using only one active antenna during the transmission. 
In our proposed model, we denote Mt and Mr the number 
of transmit and receive antennas respectively. The 
cardinality of the signal constellation diagram is denoted 
by M where M = 2b and b is constellation size. Besides, 
we named the data flow inside the cluster ‘local 
transmission’ and between two clusters ‘long-haul 
transmission’.  
At the transmitter, the information to be transmitted is 
divided into blocks of log (M) +log (Mt) bits. Each block 
is then mapped into two sub-blocks : 1) a symbol that was 
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chosen from a constellation diagram and 2) a unique 
transmit antenna number that was chosen from a set of 
transmit antennas [3]. Then each sensor broadcasts its data 
to other nodes in the same cluster. Due to the principle of 
SM, only one antenna is active during transmission. For 
that, information are transmitted from the the appropriate 
antenna aver MIMO channel to the receiver.  At reception, 
there is one destination node and Mr - 1 nodes join the 
cooperative reception. 

4. Energy consumption model 

From [2], the total average power consumption of our 
model is composed of two components: the power 
consumption of all the power amplifiers PPA and the 
power consumption of all the circuit blocks Pc. PPA 
depends on the transmit power Pout and calculates as 
follows: 

    

              (1)                    

   
where E̅b is the required energy per bit at the receiver for a 
given BER requirement, Rb is the bit rate, d is the 
transmission distance, Gt is the transmitter antenna gain, 
Gr is the receiver antenna gain, λ is the carrier wavelength, 
Ml is the link margin compensating the hardware process 
variations and other additive background noise or 
interference, and Nf is the receiver noise figure defined as 
Nf = Nr/N0 with N0 = −171 dBm/Hz the single-sided 
thermal noise Power Spectral Density (PSD) at room 
temperature and Nr is the PSD of the total effective noise 
at the receiver input. α = ξ|η − 1 with η the drain efficiency 
of the RF power amplifier and ξ the Peak-to-Average Ratio 
(PAR). For MQAM, 𝜉𝜉 = 3(M1/2-1)/( M1/2+1). 
 
Concerning the total circuit power consumption, the 
relation is given by : 
Pc = Mt (PDAC + Pmix + Pfilt) + 2Psyn+ Mr (PLNA + Pmix + 
PIFA + Pfilr + PADC)                                                                
(2)     
Where PDAC, Pmix, PLNA, PIFA, Pfilt, Pfilr, PADC, and Psyn are 
the power consumption values for the DAC, the mixer, the 
Low Noise Amplifier (LNA), the Intermediate Frequency 
Amplifier (IFA), the active filters at the transmitter side, 
the active filters at receiver side, the ADC, and the 
frequency synthesizer, respectively. The values of PDAC, 
PADC, and PIFA are calculated in the same way as in [6]. 
 
The total energy consumption per bit is given by : 

                                              (3) 

By combining (1) and (3), we have the total energy 
consumption per bit as follows : 

    (4) 

Given that the parameter  is defined by the bit error rate 
 and the constellation size b and according to [2], we 

can write  as follows : 
 

                  (5) 

According to (4) and (5) and since  the total energy 
consumption per bit can be rewritten as : 

 

             (6) 
With coefficients x and y defined as : 
 

             (7) 

             (8) 
 
As detailed in [1], the total energy consumption per bit for 
CMIMO-SM is calculated as follows : 

             (9) 
Where El is the energy consumption for the local phase 
and Elh is the energy consumption for the long-haul phase 
and are calculated according to (4). 
For the local phase, there are two components:  (1) energy 
consumption of data exchange inside cluster in transmitter 
side  and (2) energy consumption of data collection for 
joint detection inside cluster in receiver side . For this 
phase communication, SISO communication is used i.e 
Mt= Mr= 1.  
For the long-haul energy consumption, CMIMO-SM is 
used therefore only one antenna is active during each time 
instant i.e  Mt= 1 in the circuit power consumption since. 
Each sensor node has Ni bits to transmit and the energy 
consumption per bit El can be written as follows : 
 

             (10) 

After adding  to , the energy consumption per bit can 
be expressed as 
 

             (11) 

Where , and  can be calculated according to (6). 
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4. Optimization Algorithm 

Since Ebt is function of the constellation size b for various 
transmission distances d (equation (6)), we can find an 
optimal value for b which minimizes this total energy 
consumption for each transmission distance d. 
Assuming that b is a discrete variable, the optimization 
problem is not convex. In this paper, brute-force search is 
used to find the optimal b 
                 minimize    Ebt 
                 subject to    b −  bmin ≥  0                          (12) 

        bmax −  b ≥  0 
 
By using the log-barrier functions [12], the unconstrained 
problem is rewritten as : 
 Minimize    i=1,….,Mt    (13) 
 
Where t > 0 is a weighting factor.  
 
The algorithm [6] for minimizing Ebt is : 
 
Given a strictly feasible b0, t := t0 > 0, step size μ > 1, 
tolerance ǫ > 0, we run 
Algorithm 
1)Compute b* by minimizing  
starting from b0 
2) Update: b0= b* 
3) Quit if m/t < ǫ 
4) Otherwise set t = μt and go back to step 1) 
Note that b0 = bmax is the feasible point and to solve the 
problem in step 1) Gaussian- Newton method [12] is used. 
 
Table 1 summarizes optimized constellation sizes for each 
transmission distance d : 

Table 1 : OPTIMIZED CONSTELLATION SIZE CMIMO-SM 
d (m) bCMIMO-SM 

1 16 
5 12 

10 10 
20 8 
40 7 
70 5 

100 5 

5. Simulations and numerical results 

The results are obtained using a MATLAB simulator tool 
which is licensable software. The simulation results are 
shown below. 
In this simulation, these values have been used : GtGr = 5 
dbi ; Ml =40db; N0 = -171 dB/Hz; fr=2,5 GHz; Nf=10 dB; 

λ=0,12 m; η=0,35; Pb=1e-3; Li=20 Kb; Psyn=50 mW; 
Pmix=30 mW; PLNA=20 mW; Pfilt=Pfilr=2,5 mW; PIFA=3 
mW; PDAC=6,698 mW; PADC=15,437 mW; Ech=28 
μJ/bits/signals; Eda=5 nJ/bits/signals; Lch=8; Lc=8; nt=10; 
fcor=1 MHz; l0=50 μm; Lmin=0,5 μm; n1=n2=10; B=10 kHz; 
Cp=1 pF; β=1; Vdd=3V 
 

 

Fig. 1 : Total energy consumption per bit over d for 4 bits transmission 

 

Fig. 2 : Total energy consumption per bit over d for 3 bits transmission 
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Fig.  3: Total energy consumption per bit over d for 2bits transmission 

Fig.1, Fig.2 and Fig.3 show that the CMIMO-SM is a 
performed scheme to reduce energy consumption 
compared with traditional scheme CMIMO. For this reason, 
we are based on this technique CMIMO-SM and have 
found the optimal constellation size b that minimized the 
total energy consumption.  
 

 

Fig. 4 : Total energy consumption over b CMIMO-SM 2*2 

we can see in Fig.4 that the energy decrease when b=10    
i.e  the optimal constellation size bopt = 10. 
This value of constellation size saves a large amount of 
energy. 
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