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SUMMARY

The main limitation of the wireless sensor network is that it is a limited energy
system, wireless nodes typically operate with small batteries for which replacement,
when possible, is very difficult and expensive. Thus, the wireless nodes must operate
without battery replacement for many years. Consequently, minimizing the energy
consumption is a very important design consideration and energy-efficient
transmission schemes must be used for the data transfer in wireless sensor networks.
Thus focusing on antenna techniques to achieve Energy Efficiency in the Wireless
sensor networks. In this project, we analyze the best transmission strategy to minimize
the total energy consumption required to send a given number of bits. The total
energy consumption includes both the transmission energy and the circuit energy
consumption. We first consider multi-input-multi-output (MIMO) systems based on
Alamouti diversity schemes, which have good spectral efficiency but also more
circuitry that consumes energy. We then extend our energy-efficiency analysis of
MIMO systems to individual single-antenna nodes that cooperate to form multiple-
antenna transmitters or receivers. By transmitting and/or receiving information
jointly, we show that tremendous energy saving is possible for transmission distances
larger than a given threshold, even when we take into account the local energy cost
necessary for joint information transmission and reception. We also show that over
some distance ranges, cooperative MIMO transmission and reception can

simultaneously achieve energy saving.

Signature of Student Signature of Supervisor
Name Name

Date Date




LIST OF FIGURES

T T T VA 2
Fig-2Different Antenna Configuration in Date-Time System............... 7
Fig — 3 Transmitter Circuit Blocks (ANALOG).....ccccctiieierenreneenen 14
Fig— 4 Receiver Circuit Blocks (ANALOG).....cccccctieiiiiniiecieceencnnns 14
Fig—5 A 2 Transmit 1 Receive Alamouti STBC vcueveeeenrenceacercnscnsoceancens 17
Fig — 6 A 2 Transmit 2 Receive Alamouti STBC .uiuierierninerecnreeesacnesnneennn 19
Fig— 7 Total energy consumption (bound) per bit.......cccccvevievninenennn. 23

over d, MISO versus SISO

Fig —8 Total energy consumption per bit OVer......cccceevevuiiiierninenennn 24
d, MISO versus SISO

Fig—9 Total energy consumption per bit 0ver.......c.cccoevvieviiiiinrennnne 25
d, MIMO versus SISO

Fig — 10 Total energy consumption over d, ........c.ccceeveierurerararacnrnrnnnn 26
MISO vs Traditional approach

Fig — 11 Total energy consumption over dy.......c.ccoeeiieiurninernrinennennns 27
MIMO vs Traditional approach

Fig — 12 Total energy consumption over dy.......ocoeeeiiininenenenenenenenens 28

SIMO vs Traditional approach




WSN
AWGN
SNR
MIMO
SP
SISO
MISO
SIMO

LIST OF ABBREVIATIONS

;- Wireless Sensor Networks

Additive White Gaussian Noise
Signal to Noise ratio

Multiple-input Multiple-output

.- Spatial Multiplexing

:- Single-input Single-output

:- Multiple-input Single-output

.- Single-input Multiple-output

Vi




CHAPTER -1
INTRODUCTION TO WIRELESS SENSOR

NETWORK

1.1 INTRODUCTION

The Wireless Sensor Networks have emerged as a technology that are being quickly
adopted due to their flexibility and used in a variety of environments. A Wireless
Sensor Network is composed of a large number of sensor nodes that are densely
deployed either inside the phenomenon or very close to it or we can say A wireless
sensor network (WSN) consists of spatially distributed autonomous sensors to
monitor physical or environmental conditions, such as temperature, sound, pressure,
etc. and to cooperatively pass their data through the network to a main location. The
more modern networks are bi-directional, also enabling control of sensor activity. The
development of wireless sensor networks was motivated by military applications such
as battlefield surveillance; today such networks are used in many industrial and
consumer applications, such as industrial process monitoring and control, machine
health monitoring, and so on. The position of sensor nodes can be predetermined to
guarantee a uniformly sensing of a defined area or they can be randomly deployed in
inaccessible terrains or in particular types of application as in disaster relief

operations.

MIMO technology takes advantage of a radio-wave phenomenon called multipath
where transmitted information bounces off walls, ceilings, and other objects, reaching
the receiving antenna multiple times via different angles and at slightly different
times. Multipath is a natural occurrence for all radio sources. Radio signals bounce
off objects and move at different speeds towards the receiver. In the past multipath
caused interference and slowed down wireless signals. MIMO takes advantage of
multipath to combine the information from multiple signals improving both speed and

data integrity.




A Typical WSN Scenario:
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Fig -1 WSN

The WSN is built of "nodes" — from a few to several hundreds or even thousands,
where each node is connected to one (or sometimes several) sensors. Each such sensor
network node has typically several parts: aradio transceiver with an
internal antenna or connection to an external antenna, a microcontroller, an electronic
circuit for interfacing with the sensors and an energy source, usually a battery or an
embedded form of energy harvesting. A sensor node might vary in size. Size and cost
constraints on sensor nodes result in corresponding constraints on resources such as
energy, memory, computational speed and communications bandwidth. The topology
of the WSNs can vary from a simple star network to an advanced multi-hop wireless
mesh network. The propagation technique between the hops of the network can

be routing or flooding.

Energy is the scarcest resource of WSN nodes, and it determines the lifetime of
WSNs. WSNs are meant to be deployed in large numbers in various environments,
including remote and hostile regions, where ad hoc communications are a key
component. For this reason, algorithms and protocols need to address the following

issues:

e Lifetime maximization
e Robustness and fault tolerance
e Self-configuration
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Lifetime maximization: Energy/Power Consumption of the sensing device should be
minimized and sensor nodes should be energy efficient since their limited energy
resource determines their lifetime. To conserve power the node should shut off the

radio power supply when not in use.

The main characteristics of a WSN include:

e Power consumption constrains for nodes using batteries or energy harvesting
e Ability to cope with node failures

e Mobility of nodes

e Communication failures

e Heterogeneity of nodes

e Scalability to large scale of deployment

e Ability to withstand harsh environmental conditions

e Ease of use

Sensor nodes can be imagined as small computers, extremely basic in terms of their
interfaces and their components. They usually consist of a processing unit with
limited computational power and limited memory, sensors or MEMS (including
specific conditioning circuitry), a communication device (usually radio transceivers),

and a power source usually in the form of a battery.

The base stations are one or more components of the WSN with much more
computational, energy and communication resources. They act as a gateway between
sensor nodes and the end user as they typically forward data from the WSN on to a
server. Other special components in routing based networks are routers, designed to

compute, calculate and distribute the routing tables.
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1.2 APPLICATIONS

Area monitoring:
Area monitoring is a common application of WSNs. In area monitoring, the WSN is

deployed over a region where some phenomenon is to be monitored. A military
example is the use of sensors detect enemy intrusion; a civilian example is the geo-

fencing of gas or oil pipelines.

Air pollution monitoring:
Wireless sensor networks have been deployed in several cities (Stockholm, London

and Brisbane) to monitor the concentration of dangerous gases for citizens. These can
take advantage of the ad hoc wireless links rather than wired installations, which also

make them more mobile for testing readings in different areas.

Forest fire detection:
A network of Sensor Nodes can be installed in a forest to detect when a fire has

started. The nodes can be equipped with sensors to measure temperature, humidity
and gases which are produced by fire in the trees or vegetation. The early detection is

crucial for a successful action to extinguish it

Landslide detection:
A landslide detection system makes use of a wireless sensor network to detect the

slight movements of soil and changes in various parameters that may occur before or
during a landslide. Through the data gathered it may be possible to know the
occurrence of landslides long before it actually happens.

Health care monitoring:
The medical applications can be of two types: wearable and implanted. Wearable

devices are used on the body surface of a human or just at close proximity of the user.
The implantable medical devices are those that are inserted inside human body. There
are many other applications too e.g. body position measurement and location of the

person, overall monitoring of ill patients in hospitals and at homes.

Water quality monitoring:
Water quality monitoring involves analyzing water properties in dams, rivers, lakes &

oceans, as well as underground water reserves. The use of many wireless distributed
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sensors enables the creation of a more accurate map of the water status, and allows the
permanent deployment of monitoring stations in locations of difficult access, without

the need of manual data retrieval.

Natural disaster prevention:
Wireless sensor networks can effectively act to prevent the consequences of natural

disasters, like floods. Wireless nodes have successfully been deployed in rivers where

changes of the water levels have to be monitored in real time.




CHAPTER -2
The MIMO Wireless Channel

2.1 INTRODUCTION

In radio, multiple input and multiple output, or MIMO , is the use of multiple
antennas at both the transmitter and reciever to improve communication performance
It is one of several forms of smart antenna technology. Note that the terms input and
output refer to the radio channel carrying the signal, not to the devices having

antennas.

MIMO technology has attracted attention in wireless communication, because it
offers significant increase in data throughput and link range without additional
bandwidth or increased transmit power. It achieves this goal by spreading the same
total transmit power over the antennas to achieve an array gain that improves the
spectral efficiency ( more bits per second per hertz of bandwidth) or to achieve a
diversity gain that improves the link reliability (reduced fading) . Because of these
properties ,MIMO is an important part of modern wireless communication standards
such as IEEE 802.11m (Wi-Fi), 4G,3GPP Long term Evolution , WiMAX and
HSPA+.

2.2 PRELIMINARIES
2.2.1 Multi-Antenna System

The figure below displays different antenna configuration used in defining space-
Time systems. SISO (Single Input Single Output) is the well known wireless
configuration . Single-Input Multiple-output (SIMO) uses a single transmitting
antenna and multiple (MR) receive antennas. Multiple- Input single-output (MISO)
has multiple (MR) receive antennaand finally, MIMO-multiuser (MIMO-MU) which
refers to a configuration that comprises a basic station with multiple transmit/receive

antennas interacting with multiple users, each with one or more antennas.
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Fig-2Different Antenna Configuration in Date-Time System

2.2.2 Array gain

Array gain is the average increase in the signal to noise ratio (SNR) as the receiver
that arises from the coherent combining effect of multiple antennas at the receiver or
transmitter or both. If the channel is known to the multiple antennas transmitters , the
transmitter will weigh the transmission with weights depending on the channel. If the
channel is known to the multiple antennas transmitters, the transmitter will weigh the

transmission with weights, depending on the channel.
2.2.3 Diversity gain

Multipath fading is a significant problem in communications. In a fading channel,
signals experience fades (i-e. they fluctuate in their strength). When the signal power
drops significantly, the channel is said to be in a fade . This gives rise to high bit error
rates (BER). We resort to delivery to combat fading. This involves providing replicas
of the transmitted signal over time ,frequency or space. There are three types of

diversity schemes in wireless communications.




e Frequency Diversity :This type of diversity provides replicas of the original
signal in the frequency domain .This is applicable in those cases where the
coherence bandwidth of the channel is small compared with the bandwidth of
the signl.

e Spatial Diversity:This is also known as Antenna Diversity and is an effective
way of combating multipath fading. In this case , replicas of the same
transmitted signal are provided across the antennas of the receiver. This is
applicable in those spaces where the antenna spacing is larger than the
coherent distance to ensure independent fades across different antennas .In the
category of spatial diversity there are two more types of diversity that needs

to be illustrated .These are :

e Polarization Diversity:In this type of diversity horizontal and vertical
polarizationsignals are transmitted by two different polarized antennas and
received correspondingly by two different polarized antennas at the
receiver.Different polarization ensure that there is no correlation between the
data streams ,without having to worry about coherent distance of separation

between the antennas
2.2.4 Spatial Multiplexing

Spatial multiplexing offers a linear (in the number of transmit- receive antenna pair or
min (MR, MT) increase in the transmission rate (or capacity) for the same bandwidth

and with no additional power expenditure. It is only possible in MIMO channels

The bit stream is split into two half-rate bit streams, modulated and transmitted
simultaneously from both the antennas. The receiver,having complete knowledge of
the channel , receivers these individual bit streams and combine them so as to recover
the original bit stream. Since the receiver has knowledge of the channel it provides
receive diversity, but the system has no transmit diversity since the bit streams are
completely different from each other in that they carry totally different data. Thus
spatial multiplexing increase the transmission rates proportionally with the number of

transmit- receive antenna pair.




2.2.5 Additional Terms

e Automatic request for report (ARQ):- This is an error control mechanism in
which the received packets that cannot be corrected are retransmitted. This is
type of temporal diversity.

e Forward error correction (FEC):- This is a technique that inserts redundant bit
during transmission to help detect and correct bit errors during reception.

e Coding Gain:- The improvement in SNR at receiver because of FEC is called
coding gain.

e Interleaving: - A form of data scrambling that spreads burst of bit errors
evenly over the received data allowing efficient forward error correction.

e Multiplexing gain :- Capacity gain at no additional or bandwidth consumption
obtained through the antennas at both sides of wireless link.

2.3 FORMS OF MIMO

2.3.1 Multiple Antenna types

Multi antenna MIMO (for single user MIMO) technology has been developed and

implemented in some standards e.g 802.11m products.

e SISO/SIMO/MISO are degenerate case of MIMO

» Multiple —input and single —output (MISo) is a degenerate case when
the reciever has a single antenna.

» Single-input and Multiple —output (SIMO) is a degenerate case when
the transmitter has a single antenna.

» Single-input single-output (SISO) is a radio system where neither the

transmitter nor reciever has multiple antennas.

e Principle single-user MIMO techniques




> Bell Laboratories Layered Space —Time (BLAST), Gerard J. Foschin
(1996)

» Per Antenna Rate Control (PARC), Varanasi, Guess (1998)

> Selective per Antenna Rate Control (SPARC), Ericsson (2004)

2.3.2 Multiple user types

Recently, results ofresearch on multi-user MIMO technology have been emerging.
While full multi user MIMO (or Network MIMO) can have a higher potential,

practically, the research on (partial) multi-user MIMO (or multi-user and multi-

antenna MIMO) technology is more active

Multi-user MIMO (MU-MIMO)

» In recent 3GPP and WIMAX standards, MU-MIMO is being treated as

one of the candidate technologies adoptable in the specificationby a
number of companies, including Samsung , Qualcomm,Ericsson,Huawei,
Philips. For these and other firms active in the mobile hardware market ,
MU-MIMO is more feasible for low complexity cell phones with a small
number of reception antennas, whereas SU-MIMO’s higher per-user
throughput is better suited to more complex user devices with more
antennas.

PU?RC allows the network to allocateeach antenna to a different user
instead of allocating only a single user as in single-user MIMO
scheduling.

The network can transmit user data through a code-book based spatial
beam or a virtual antenna.Efficient user scheduling ,such as pairing
spatially distinguishable users with code-book based spatial beams, is
additionally discussed for the simplification of wireless networks in
terms of additional wireless resource requirements and complex protocol

modification. Recently, PU’RC is included in the system description
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documentation (SDD) of IEEE 802.11m (WiMAX evolutiont meet the
ITU-R’s IMT- Advance requirements)
e Enhanced multiuser MIMO :-
1.) Employs advanced decoding techniques
2.) Employs advanced pre-coding techniques
o SDMA represents either space —division multiple access or super division
multiple access where super emphasis that orthogonal division such as
frequency and time division is not used but non-orthogonal approaches

such as superposition coding are used.

e Cooperative MIMO (CO-MIMO)
e Uses distributed antennas which belong to other users.

e MIMO Routing

» Routing a cluster by a cluster in each hop, where the number of
nodes in each cluster is larger or equal to one. MIMO routing is
different from conventional (SISO) routing since conventional

routing protocols route a node by a node in each loop.
2.4 Space-Time Block Code using Virtual Array Antenna

Since nodes in a wireless sensor network may not be ableto accommodate multiple
antennas, the implementation of MIMO-based communication in a wireless sensor
network requires sensor cooperation. A common scenario in distributed wireless
sensor networks is that of a set of low-end datacollectionsensors connected over a
wireless link with a highend data gathering node (DGN) that acts as a lead sensor.
The set of low-end data collectionsensors is connected over a wireless link with a
high-end data gatheringnode (DGN) that act as a lead-sensor. The data collection
sensors are typically subjected to strict energy constraints while data gathering node is
not.

In this wireless sensor network model, cooperative MIMObasedcommunication can
be achieved as follows: Suppose a set of data collection nodes has data to be sent to
the data

11




gathering node. Each of these sensors which are assumed to be close to each other
broadcasts their data to the others in the set using a time-division multiple-access
scheme. This step is known as the local communications at the transmitter side . At
the end of this step each node has data from all other sensor nodes enabling space-
time block coding as if each node were a distinct transmit antenna element in a
centralized antenna

array. Once the space-time coding is done, each node transmits the encoded symbols
corresponding to a specific transmit antenna element over the wireless channel to the
DGN. This step is known as the long-haul communication. The DGN is assumed not
to have any energy constraint attached to it, or has relatively much longer battery life,
and can be of larger physical dimensions to accommodate multiple receiverantennas.
This allows realization of true MIMO capability withonly the transmitter side local
communications.

It should be noted that the above model is one of the simplest of this type. In a
practical system there may be a number of data gathering nodes. In such a system
there are different ways to realize MIMO-based energy-efficient communication.
Also, all data collection nodes need not cooperate as one transmit antenna system. In
most distributed wireless sensor networks there might be a large number of data
collection sensors scattered over a large area, making it more convenient (and

efficient) to have a number of virtual transmit antenna arrays.

12




CHAPTER -3
SYSTEM MODEL AND THE SIMULATION MODEL

3.1 PROPOSED SYSTEM MODEL

The model considered is a general communication link connecting two wireless
nodes, which can be multiple-input-multiple-output (MIMO), multiple-input-single-
output (MISO), single-input-multiple-output (SIMOQO), or single-input-single-
output(SI1SO). In order to consider the total energy consumption, all signal processing
blocks at the transmitter and the receiver need to be included in the model. However,
in order to keep the model from being over-complicated at this stage, baseband signal
processing blocks (e.g., source coding, pulse-shaping, and digital modulation) are

intentionally omitted. Also the system is believed to be Uncoded.[4]

- /\/
> Filter Filter | —

LO

Fig — 3 Transmitter Circuit Blocks (ANALOG)

Filter Filter ° »

LO

Fig — 4 Receiver Circuit Blocks (ANALOG)
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Where M, and M, are the numbers of transmitter and receiver antennas, respectively,
and we assume that the frequency synthesizer (LO) is shared among all the antenna
paths. For the SISO case, M; = M, =1

The total average power consumption along the signal path can be divided into two
main components Py, the power consumption of all the power amplifiers and P, and
the power consumption of all other circuit blocks. The first term Pp, is dependent on
the transmit power P,,,;, which can be calculated according to the link budget
relationship. Specifically, when the channel only experiences a square-law path loss,

which is as follows:

Pour = E_bRb X

Where E,, is the required energy per bit at the receiver for a given BER requirement,
R, is the bit rate, is the transmission distance,

G,is the transmitter antenna gain,

G,is the receiver antenna gain,

M; is the link margin compensating the hardware process variations and other
additive background noise or interference, and

Ng is the receiver noise figure defined as with Ny=(N,./N,) with Ny=-171 dBm/Hz
the single-sided thermal noise power spectral density (PSD) at room temperature and

is the PSD of the total effective noise at the receiver input

The power consumption of the power amplifiers can be approximated as[4]

Ppy =1+ )Py
The second term in the total power consumption is given by

P, = Mi(Ppac + Pmix + Prite) + 2Psyn + My (Puya + Prix + Prie + Pipa + Papc)

Ppacy Pmixs Prites Psyn» PLvas Pira and Pypc are the power consumption values for th

DAC, the mixer, the filter, the synthesizer, the low noise amplifier, the intermediate
frequency amplifier, the analog to digital convertor respectively. The total energy

consumption per bit for a fixed rate system can be obtained as

14




Epe=(Ppa + F.)IR,

For simplicity, the Alamouti Schemes [1] are used to achieve diversity in the MIMO
System. The Alamouti code with two transmit antennas, uses two different
symbols, x;and x, that are transmitted simultaneously during the first symbol period
from antennas 1 and 2 followed by the complex conjugate of the same during the
next symbol period. The Alamouti codes can also be extended to more than two
antennas. We also consider the channel to be Rayleigh-fading channel. In Rayleigh-

fading channels MIMO systems based on Alamouti schemes can achieve lower

average probability of error than SISO systems under the same transmit energy budget
due to the diversity gain and possible array gain (when the number of antennas at
receiver side is greater than 1 ). In other words, under the same BER and throughput

requirement, MIMO systems require less transmission energy than SISO systems.

3.1.1 Fixed Rate System

Considering a Fixed Rate System with BPSK modulation a flat Rayleigh-fading
channel, i.e., the channel gain between each transmitter antenna and each receiver
antenna is a scalar is considered. Therefore, the fading factors of the MIMO channel
can be represented as a scalar matrix. In addition, the path loss is modeled as a power
falloff proportional to the distance squared. In other words, on top of the square-law
path loss, the signal is further attenuated by a scalar fading matrix , in which each
entry is a zero-mean circulant symmetric complex Gaussian (ZMCSCG) random
variable with unit variance.[9][12]and also mentioned in [4][6]. The fading is
assumed constant during the transmission of each Alamouti codeword. In the
following work we focus on MISO and MIMO systems that use Alamouti schemes
with BPSK modulation and compare their energy efficiency with that of a reference
SISO system.
e FOR ALAMOUTI 2X1:

For 2X1 MISO Alamouti scheme where H =[ h1, h2] The reference SISO

system is treated as a special case of MISO systems with H =[ hl]. The

instantaneous received SNR is given by [1]

_ ey
NoM¢
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M,=1,2 (it is the number of antennas at transmitter side for MISO it will be 2
and for SISO it will be 1)
And M, in denominator comes from the fact that the transmit power is equally split

among transmitter antennas. The average BER is given by

P, =€, {Q/27,}
According to the Chernoff bound (in high SNR Regime)[1][7]

E
M¢N,
The upper bound for the required energy per bit

_ M,N,
p <

Py < (o)

B )

By approximating the bound as an equality, we can calculate the total energy
consumption (which is actually an upper bound) per bit for both the MISO system and
the reference SISO system. Thus the equation becomes

M,N, (4nd)*

(i)xccwz
P_b Mt tYr

Epe = (1+ a) M,N; +(P./Rp)

Transmitter 1

1~

h )
! Receiver

i

Transmitter 2 hs

Y Channels

Fig—-5 A 2 Transmit 1 Receive Alamouti STBC
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Transmitter 1 Transmitter 2

Time t Hy *a

. *
Timet+ T %5 X1

where X, X, are the modulated symbols.
The received vectors are
Y, = b )+ hzl{xz‘,l +1, (firsttime slot)

Y, = h1 (—x; ]+ h (x’;) + 1y (second time slot)

e FOR ALAMOUTI 2X2:

We now consider a 2X2 MIMO system based on the Alamouti code where the

channel matrix is given by

hll h21
H=
lhyy Ry

In the first time slot, the received signal on the first receive antenna is,
z
Y= h11z+h12Ty+n, = [hl,lhl,ﬁ][azé]+ﬂ1

The received signal on the second receive antenna is

Yo =h2,17; +h2,200+ng = [hz,lhz,z][j::ﬂJrng
where
Y1, Y3 are the received symbol on the first and second antenna respectively,
h1,1 is the channel from 15% transmit antenna to 15¢ receive antenna,
h1,2 is the channel from 274 transmit antenna to 15¢ receive antenna,
2,1 is the channel from 15¢ transmit antenna to 274 receive antenna,
k2,2 is the channel from 274 transmit antenna to 279 receive antenna,

*1, 2are the transmitted symbols and

) ) st and .
139 is the noise on 17°:2™% receive antennas.
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We assume that the receiver knows hl,l, hl,ﬁ, A2,1and 72,2, The receiver also
knows Y1and ¥2 . The unknown s are “Land *2.

L4 __h11 ‘i
TX# | | R
— .
— h21 s
h12_- -
TX#2 ' 4 RX#2
—_ h22 o *
time
%1 X2
space
(antenna)
K ®x1*
i

Fig — 6 A 2 Transmit 2 Receive Alamouti STBC

3.1.2 With Multinode Cooperation

Now considering MIMO with Multi-node cooperation, For wireless sensor networks,

maximizing the network lifetime is the main concern. Since sensor networks are

mainly designed to cooperate on some joint task where per-node fairness is not

emphasized, the design intention is to minimize the total energy consumption in the

network instead of minimizing energy consumption of individual nodes. In this a

strategy to minimize the total energy consumption of multiple nodes from a network

perspective is considered.[1]

In a typical sensor network, information collected by multiple local sensors need to be

transmitted to a remote central processor. If the remote processor is far away, the
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information will first be transmitted to a relay node, then multihop-based routing will
be used to forward the data to its final destination.

If cooperative transmission among multiple nodes is allowed, the nodes can be treated
as multiple antennas to the destination node such that an equivalent MISO system can
be constructed. By using this equivalent MISO system, the requirement on
transmission energy for the long-haul transmission can be reduced. However, in order
to make the cooperative transmission possible, local data exchange is necessary
before the long-haul transmission. The local information flow costs energy, which
should be less than the energy saved by using the MISO structure. Another trade-off
is the transmission delay since the MISO approach has different delay characteristics
than non-cooperative approaches. Here the comparison of the performance between
the MISO strategy and the non-cooperative approach to show which one is more
energy-efficient.

Cooperation on the transmitting side is not the only method we can explore. On the
receiving side there may also be multiple nodes around the destination node such that
cooperative reception is possible. Therefore, an equivalent SIMO or MIMO system
can be constructed. Similarly, local energy consumption is necessary due to the data
aggregation among receiving nodes

In order to compare the performance between the non cooperative approach and the
MIMO approach, some assumptions need to be made. We assume that there are M,
Transmitting nodes and each has N; bits to transmit, where i=1,2,3,...... M,

For the non-cooperative approach, we assume that each transmitting node uses a
different time slot to transmit the information to the remote node with uncoded
MQAM. For the MIMO approach,the M; nodes on the transmitting side will
cooperate. Each node first broadcasts its information to all the other local nodes using
different time slots. After each node receives all the information bits from other
nodes, they encode the transmission sequence according to the Alamouti diversity
codes. Since each node has a pre assigned index , they will transmit the sequence
which the th antenna should transmit in an Alamouti MIMO system. On the receiving
side, there are M,. nodes (including one destination node and M,-1 assisting nodes)
joining the cooperative reception. The M,.-1 assisting nodes first quantize each symbol

they receive into n, bits, then transmit all the bits using uncoded MQAM to the
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destination node to do the joint detection. The total energy consumption in each node

only includes the transmission energy and the analog circuit energy consumption

For local transmissions, we assume a k th-power path loss ( loss « di) with additive
k

white Gaussian noise (AWGN). For long-haul transmissions, we assume a Rayleigh-
fading channel with square-law path loss. Within the local cluster (for both Tx side
and Rx side), if the maximum separation is d,,, m, we assume each node will optimize
their constellation size according to this worst-case distance. Since usually the long-
haul distance between the remote node and the local cluster is much larger than d,,, m
we assume the long-haul transmission distance, denoted as , is the same for each
transmitting node.[5]

The energy cost per bit for local information flow on the Tx side, denoted as Ef , i=
l,..... M; and the energy cost per bit for local information flow on the Rx side,
denoted as Ejt ,j=1,..... M,-1 can be calculated according to the result we obtained
for SISO communication links in AWGN channels. However for calculating E} Since
there are always M; -1 Receivers listening during the local transmission, the total
circuit energy consumption on the receiver side should be the total energy
consumption of M, -1 sets of circuits .The energy cost per bit for the MIMO long-
haul transmission, denoted as E}. For the SISO long-haul transmission used by the
noncooperative approach, the energy per bit denoted as EPcan be calculated as a

special case of MIMO systems where we set M, =M,.=1

As a result, the total energy consumption E,,.,for the noncooperative approach is

given by
Mg
Etrq = Z N; ELO
i=1

While the total energy consumption for the cooperative MIMO approach is given by

EMIMO

My—1

My My
Eyvimo = ZNiEit + Ej ZNi + Z Ejn, Ng
i=1 i=1 i=1
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Where Ng = 2?21 N; /b,y is the total number of b, the constellation size used in the
alamouti code.

The total delay includes both the local transmission delay and the long-haul
transmission delay. Accordingly

Tummo = Ts(icty Ni /b{+3,% Ni /bm*Zi27 " Nomr/b])

Where, bf and bj" are theconstellation sizes used during the local transmission on the
Tx side and the Rx side, respectively. The first and the third terms in the total delay
are the local delay values contributed by the Tx side and the Rx side, respectively, and
the second term is the delay caused by the long-haul MIMO transmission.

To give numerical examples, we assume that d,,, = 1 m and B=10kHz and n,, = 10

and all the transmitting nodes have the same number of bits to transmit, N;=20 kb.

3.2 SCHEMATIC MODEL

e Generate random binary sequence of +1's and -1's.

e Group them into pair of two symbols and send two symbols in one time slot
e Multiply the symbols with the channel and then add white Gaussian noise.
e Equalize the received symbols .

e Take the symbol from the second spatial dimension, subtract from the received

symbol

By
Repeat for multiple values of Np and plot the simulation.
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CHAPTER -4
SIMULATION RESULTS

Total energy consumption per bit over d, MISO wersus SISO

T

10

MISO-Alamouti,bound

=&K=SIS0,bound

10

.
S,

e
S

—
S

Total energy consumption per bit in J

e
S
iy

10

10

5 10 15 20 )
Transmission Distance In Meter

Fig—7 Total energy consumption (bound) per bit over d, MISO versus SISO

The above results depicts the total energy consumption Vs transmission distance in

meter for MISO Alamuti bound and SISO. The results show that above the 8 meter,

per node energy consumption is drastically reduced in MISO system
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Total enerqy consumption per bit over d, MISO versus SISO
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Fig — 8 Total energy consumption per bit over d, MISO versus SISO

The above results are comparison of three technique MISO-Alamouti SISO and
Rayleigh Simulation, a flat Rayleigh-fading channel, the channel gain between each
transmitter antenna and each receiver antenna is a scalar. Therefore, the fading factors
of the MIMO channel can be represented as a scalar matrix. In addition, the path loss
is modeled as a power falloff proportional to the distance squared, In other words, on
top of the square-law path loss, the signal is further attenuated by a scalar fading
matrix , in which each entry is a zero-mean circulant symmetric complex Gaussian
(ZMCSCG) random variable with unit variance [1]. The fading is assumed constant
during the transmission of each Alamouti codeword. The above results implicates
that as the distance increases the per node energy in MISO system reduces

significantly as compare to the other technique.
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Total energy consumption per bit over d, MISO versus SISO
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Fig—9 Total energy consumption per bit over d, MIMO versus SISO

Last two results were the comparison of MISO with SISO technique the above result
is the comparison of MIMO technique with SISO in the above result we have
considered the two transmitting antenna and two receiving antenna and the results
shows that the MIMO technique is better for long haul communication as compared to

SISO technique.
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Fig — 10 Total energy consumption over d, MISO vs Traditional approach

The above graph is the total energy consumption of MISO and traditional approach.
As the distance increases the total energy consumption in MISO is smaller than SISO
technique.The total energy consumption of the MISO approach and the non-
cooperative approach is plotted over the long-haul transmission distance. The MISO
approach becomes more energy-efficient than the traditional approach about 50%
energy savings is possible by using the MISO strategy and the savings is increased

roughly in a linear fashion over .
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Fig — 11 Total energy consumption over d, MIMO vs Traditional approach
The above is the comparison of total energy consumption of MIMO and traditional
approach. The graph indicates that for long haul communication MIMO technique is

more energy efficient than traditional approach.

Since the MIMO structure involves more local energy consumption compared with
the MISO or SIMO structure, the threshold distance above which MIMO becomes
more energy-efficient is increased. However, since MIMO requires less transmission
energy for the long-haul transmission, the total energy consumption will become

smaller compared with MISO or SIMO when distance is large enough.
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Fig — 12 Total energy consumption over d, SIMO vs Traditional approach

In this we allow cooperation only at the receiver end. The total energy consumption
of the SIMO approach and the non-cooperative approach is drawn over different long-

haul transmission distances.
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CONCLUSION

In this project we have compared the energy efficiency of different antenna
techniques like MIMO, MISO, SIMO and SISO in a fixed rate system with a flat
Rayleigh-fading channel, the channel gain between each transmitter antenna and each
receiver antenna is a scalar. Therefore, the fading factors of the MIMO channel can be
represented as a scalar matrix. This was done by implementing Alamouti space time
block codes , the Alamouti Schemesare used to achieve diversity in the MIMO
System. The modulation technique used is binary phase shift keying or BPSK . As a
result to our simulation we observed that the MIMO technique has shown superior
results and therefore is a much more energy efficient even with extra circuitry power

consumption.

While considering a cooperative communication system, sensor networks are mainly
designed to cooperate on some joint task where per-node fairness is not emphasized,
the intention is to minimize the total energy consumption in the network instead of
minimizing energy consumption of individual nodes. The energy efficiency of
cooperation among nodes for both information transmission and reception. By
allowing cooperation, we can treat the equivalent system as a MIMO system. By
applying the energy minimization result to this equivalent MIMO system, we observe

that over certain distance ranges the total energy consumption can be reduced.
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