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Abstract: Main energy consumption of wireless sensor nodes is used to send and receive data. To
take measures to reduce sending and receiving energy consumption of nodes plays an important role
in decreasing energy consumption of the whole network. Researches show that: under the
requirements of the same throughput, sending the same information, dissipative energy of Multi-
input multi-output (MIMO) systems are less than single-input single-output (SISO) systems.
Therefore, introducing the MIMO technology in the wireless sensor networks (WSNSs) can save the
sending energy consumption of the network.

1. Introduction

Multi-input multi-output (MIMO) technology adopts multiple antennas and multi-channel
technology in the transmitting and receiving terminal of communication system through multiple
antennas to send and receive data together. Research results show that multi-input multi-output
(MIMO) technology can exponentially increase the channel capacity in the communication system
without any increase in channel spectrum resources and antenna with sending power. Based on this,
MIMO technology is also widely used for a new generation of mobile communication system.

2. Research on energy consumption of MIMO systems

MIMO systems can support higher data transmission rate than SISO systems ™ in the
performance requirement of the same transmission power and the same bit error rate. For the same
throughput-requirement, MIMO systems needed transmitted energy are smaller than SISO systems.
The literature [2]-[6] have proposed some energy optimization technique based on SISO system,
studied the multimodal operating on systems with parameters optimization. The problem in the use
of MIMO systems is more important, because the circuit structures of MIMO systems are more
complicated. In wireless sensor network (WSN), compared with transmitted energy loss, the
circuits-energy loss of the network itself can't be ignored, and due to the circuit structures of MIMO
systems are more complicated, the circuits-energy loss is also higher. Therefore, although the use of
MIMO technology can save more transmitted energy, because of the increase of circuit complexity,
energy consumption of the circuits will also increase, which can't be sure whether the energy
efficiency of MIMO systems is higher than SISO systems. This article will give the performance of
MIMO systems compared with the traditional SISO systems.

2.1 Study power loss of power amplifier

The power loss of each sensor nodes is mainly composed of two parts: power loss of power
amplifier

P, and power loss of other circuits-modules p, .

Firstly, calculate power loss of power amplifier p., p,is a function” about transmitted
power p,,, :
Ppa = (L+a) Poy 1)
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Among e =¢/n-1, ¢ is peak-to-average ratio (PAR), and # is drain efficiency of radio
frequency power amplifier. Assuming that models work in the square-law power path attenuation of
Rayleigh fading channel, through the relationship of link budget the value of p,, can be got®:

2
out :%MINf (2)

In the formulation of (2), R, is bit rate of transmission; d is the distance of transmission; G, , G
are separately the antenna gain of transmitter and receiver; A is the wave length of carrier; M, is
process changes of hardware and other additive background noise or other interferential connection
edge compensation; N, is noise index of receiver, N, =N, /N,; N, is effective input noise power
spectral density of receiver; E_b is the receiver receiving needed energy every bit of information

under the requirement of a given bit error rate.

Assuming that models work in the square-law power path attenuation of Rayleigh fading
channel, the attenuation factor of MIMO channel can be represented with a scalar matrix. Path loss
can be used with a power drop model with ratio of the square of the transmission distance.
Instantaneous received SNR ! is
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Among H is a channel matrix, each factor is zero mean cyclic symmetry complex Gaussian
random variable; N, is the unilateral thermal noise power spectrum density at room temperature;
Generally speaking, N,=-171dBm/Hz , M, is the number of collaboration nodes at the
transmitting terminal. According to the literature [9], it can get the average bit error rate:

Rr=a (ol )| 2

And in line with Chernoff bound

R -M,
p<| o 5)
MtNO

On the basis of the above formulas, it can acquire:
,M[
— | M\N
E, < [ —TTN J (6)
Let the above boundary value approximately equal, in accordance with the formula (2), it can
obtain the transmitted power p,,, :
_ RN M, (47d)?
“ RYMG G, A2
Therefore, the power consumption of power amplifier P, is:
R,N M, (47d)?
PG, G, A
2.2 Study power loss of other circuits-models
Figure 1 and figure 2 are separately the structural drawing of a transmitter and a receiver with
circuit
module about each sensor node.

b

M, N, (7)

P =0+a)

pa

M, N, (8)
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Fig.1. The model of sending circuit
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Fig.2. The model of receiving circuit
From the above two figures to be seen, energy consumption of circuits-models is:
PC = Mt(pDAC + I:)mix + F)filt) + 2P + M (PADC + I:)mix + I:)filr + I:)LNA + I:)IFA)

syn
(9)

In the formula (9), Poac » Prix s Prire » Pyn » Paoc » Prirr » Puva » Piea @re separately digital and analog
converter, mixer, the active filter at the transmitting end, frequency synthesizer, analog and digital
converter, the active filter at the receiving end, the low noise amplifier, the processing power of
intermediate frequency amplifier; M, and M, are respectively the number of collaborative nodes at
the transmitting and receiving end.

Finally, considering overall energy loss of the cooperative transmission system, energy value is
equal to the power by time. When only send 1 bit of data, the total energy consumptionE,; is

equivalent to

(P + R
Ebt = (Ppa + Pc)Ts = R (10)
b
Among T is the needed time of sending 1 bit of data. Depending on the form (10) and the
deduced formula, it can be available to the total energy consumption of sending 1 bit of information

in the MIMO systems-E,; :

- (l+a )__1,M (4”0')2|\/|le+5)Q
5,/ " G,G, A R,

(11)

3. Compare the performance of MIMO systems with SISO systems

First of all, from the perspective of transmission energy consumption to compare the
performance of MIMO systems with SISO systems, and then from the view of the total energy to
compare with them, it tries hard to win a comprehensive understanding of the performance of
MIMO systems can get advantage.

MIMO systems use diversity coding of Alamouti and the modulation mode of BPSK. For MIMO,
sending nodes of M, first broadcast their information to other local nodes in different time slot.

After each node receives all bits of information from other nodes, they are coding according to the
transmission sequence based on Alamouti diversity code.

Because each node has a established tag in advance-l, they will send information what the
antenna of | should launch according to the transmission sequence. At the receiving end, receiving

nodes of M, (one destination node and subsidiary nodes of M, —1) participate in the collaborative
receiving. Subsidiary nodes of M, —1 first quantize each symbol what they have received into bits
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ofn., and then use the uuencoded MQAM to put all the bits to send to the destination nodes for

joint detection.
3.1 The comparison of transmitted energy loss
First, from the perspective of transmission energy consumption to compare the performance of
MIMO systems with SISO systems, from the above discussion to be known, MIMO systems need
transmitting energy of sending 1 bit of information:
2
E ey = (1 @) ile  TDpy (12)
Po = GiGepd
If calculating the transmitting energy consumption of SISO systems, only order the above
formula-M, =1.
This paper uses the parameters of the literature [10], specific parameters are shown in table 1.
Table 1 The parameters of systems

f. =2.5GHz n=0.35 G, G, =5dBi 02:%:—174dBmIHz
B =30.3KHz £=05 p... =30.3mW Py, =50mW
p, =107 T - 1 P = Py, =2.5mW P = 20mW
* B
I:)DAC :155mW I:)||:A = 3mW Nf :10dB MI = 40dB

Another assumption that R, =10kbit/s, we first compare the transmission energy consumption

of MIMO systems with SISO systems by changing the transmission distanced under the condition
of different transmission distance. In addition, supposing M, =2 in MIMO systems, namely, there

are only two transmitting antenna at the sending end.

As can be seen from the figure 3, when just compare the transmission energy consumption of
MIMO systems with SISO systems, the former have higher energy efficiency. And with the
increase of transmission distance, MIMO systems compared can save more and more energy than
SISO systems. Figure 3 can fully show the superiority in the aspect of improving the efficiency of
energy transmission in MIMO systems.
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Fig. 3.

3.2 The comparison of total energy loss

From the above, it can be known that MIMO systems have significant effect on improving the
efficiency of transmission energy. In the long distance of transmission, the transmission energy
consumption dominates in the total energy consumption. In the applications of short distance,
however, such as in sensor network, energy consumption of the circuits such as hardware in the
network is not less than transmission energy consumption, and even it may be dominant. So in
WSN, compared with transmission energy loss, the network itself can't be ignored, and due to the
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circuit structures of MIMO systems are more complex, the use of energy loss of circuits in MIMO
systems is also higher. Therefore, although using MIMO technology can save more energy, due to
the increase in energy consumption of circuits, it cannot be sure whether energy efficiency of
MIMO systems is higher than SISO systems. This section will give the performance of MIMO
systems compared with the traditional SISO systems.

From the above research, it can be known that MIMO systems need energy consumption of

sending 1 bit of information- E,;

2
S L M, +
Po = GiGed R,

(13
In this section, still use the parameters in table 1, and assume R, =10kbit/s .Provided that in

MIMO systems, M, =2 and M, =2, that is to say, only two antenna participate in collaboration at

the transmitting and receiving end.

Figure 4 shows that for single jump network, when the transmission distance is greater than a
certain threshold, energy efficiency of cooperative MIMO systems is higher than SISO systems.
This is because, when the transmission distance is larger, energy consumption of transmission also
increases in proportion in total energy consumption accordingly. While the circuit structures of
cooperative MIMO systems are more complex, it brings the additional energy consumption of
circuits, but when the transmission distance reaches a certain threshold, transmission energy of
cooperative MIMO will be greater than the additional energy consumption of circuits for complex.
Therefore, In this case the cooperative MIMO saves more energy efficient than SISO. In this
example, the threshold value of d equals 48 m. After the transmission distance is greater than the
threshold, with the increasing of transmission distance, energy-saving advantages of MIMO
systems became more and more compared with the SISO systems. For the requirements of the same
throughput, the transmission energy what MIMO systems need is less than SISO systems.
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4, Summary

This paper first analyses the energy consumption models of transmission and Circuits in MIMO
Systems, and then compares the energy consumption models of transmission in MIMO systems
with that of SISO systems, whose results find that the energy transmission efficiency in MIMO
systems is better than that of SISO systems. But with energy loss of circuits, due to the circuit
structures of MIMO systems are more complex, so when the transmission distance is shorter,
energy loss of circuits in MIMO systems is higher, and accounts for more and more proportion in
the total energy, the total energy consumption is higher than that of SISO systems. But when the
transmission distance increases, the energy loss of transmission accounts for more and more
proportion in the total energy, MIMO systems reflect the advantages in the field of saving
transmission energy. When the saving transmission energy in MIMO systems is greater than the

130



additional energy consumption of circuits, MIMO systems become more efficient. So there exists a
threshold, when the transmission distance is greater than the threshold, energy efficiency of MIMO
systems is higher than that of SISO systems.
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