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Abstract—Constraints of energy in a wireless sensor network
has become a critical issue as almost all the nodes are battery
driven. Hence energy is limited. Hence optimization of energy
is a critical factor for the sensor node’s lifetime. Here we have
considered the asymmetric method of communication that uses
different modulation schemes with error correcting codes for up-
link and down-link communication. We evaluate and compare
two extensively used error correcting codes, Hamming and
Reed-Solomon (RS) codes, together with well-known modulation
schemes, including QAM, M-FSK, M-PSK, and BPSK. This
paper makes use of the relation between Signal to noise ratio
(SNR) and bits per symbol towards modelling and analysis
purposes.

I. INTRODUCTION

Concern regarding global warming has increased manifold.
Hence there has been a lot of attention on the energy sav-
ing schemes. In a wireless sensor network, energy efficient
schemes play an important role where energy efficiency affects
the sensor node lifetime in a direct way. In general, the power
source can not be replaced in a deployed sensor network.
Hence power conservation is the most important and critical
factor to be considered in the wireless sensor network. we
can find so many stringent energy consumption constraints
in wireless sensor networks [1], [2]. This motivated us to
have a comprehensive study of energy efficient modulation
schemes. In several works of literature, BPSK seemed to be
mostly used modulation scheme as compared to others. In this
paper, an investigation has been done with BPSK and other
modulation schemes. Bit Error Rate (BER) is the most crucial
factor in wireless communication but BER needs to be as low: "._
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as possible. In most scenarios, communication between sensor
nodes and Base Station (BS) happens in a noisy environment
with fading.

The fidelity of the Internet of Things (IoT) has become
crucial as the number of things keeps on increasing in the
Internet of Things. Sensor nodes [3] play an important and
crucial role in IoT. In narrow-band IoT, fewer subcarriers,
as well as modulation techniques with the lowest order such
as Binary Phase Shift Keying (BPSK), are used. Hence the
investigation of BPSK with other modulation techniques is
essential which is presented in this work.

This study still covers analysis of different modulation
techniques for Rayleigh fading and Gaussian Noise channels.
The structure of this article is as follows. Section II describes
related work. The background is described in Section III. The
System Performance Analysis and Evaluation is presented in
Section IV. The conclusion is depicted in Section V.

II. RELATED WORK:

Recent literature has emphasized addressing the energy
aware (resource constrained) networks. The main problem that
needs to be focused on is energy savings and management.
Many authors have focused on providing some solutions in
this aspect. Analysis for power consumption mostly comprises
two parameters such as transmitted power and the power that
is consumed by the circuit. This section explains the use of
popular digital modulation techniques such as BPSK, M-ary
QAM, and FSK for significant energy saving in wireless sensor
networks.

/' In the paper [4], transmission time, as well as constellation

P ."IL ipsize for M-ary QAM and FSK, is compared to 10 meters
A.J. Institute of Engineering & Technslvy)
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which concluded in the higher energy efficiency of M-QAM.
The paper [5] explains how capacity and SNR in M-QAM are
related which concluded with the result of minimum energy
between the nodes. Authors in [6] have derived the expressions
in exact and generic form for bit error rate in the M-ary
QAM constellation. Paper [7] presents the modulation schemes
towards minimum energy consumption. For analysis purposes,
authors have considered the consumption of the signal power
as well as the circuit power.

Authors in [8], have depicted the detailed sensor network ar-
chitecture. In this paper, the authors summarized the solutions
that are covered in the sections on the relevant protocol stack
layers. They also highlighted unresolved research difficulties
with the goal of igniting fresh interest and advancements in
the area. The paper [9] provides the analysis for non-coherent
MFSK with AWGN channel. Paper [10], represents the perfor-
mance of RS code over Bose Chaudhuri Hocquenghem (BCH)
code. On the processor based on implementation, energy for
RS codes is calculated.

III. BACKGROUND
A. Error initiating Mechanism in communication

Most of the time, the thermal motion of the electrons which

leads to front end noise in the receiver, is the cause of the
error. When signal energy Es;gnq: per noise power density
N Ppensity decreases, the number of errors observed per unit
time increases. When where FE;gy,4; is Signal Energy and
N Ppensity 1s Noise Power Density.
Most of the time the generated noise at the front end is
Additive White Gaussian Noise f(AWGN), as it affects the
signal in an additive manner. Random fluctuations in received
signal strength lead to the occurrence of the error introduced.
The reduction in received signal strength can be due to several
factors such as:

o Long range of communication

o Path Loss

« Receiver position is in a shadow zone

o Multipath

B. System Model

Fig. 1 shows the topology [11] of a sensor network. The
system taken into consideration comprised of:

Sensor helps to receive the physical parameter at the trans-

mitter section to process it to digital form with the help of
an analog to the digital filter. A local oscillator produces a
carrier signal which carries the information. The signal needs
to be amplified and the impedance matching network helps in
matching the impedance of the path to the impedance of the
transmitting antenna.
In the receiver section, the reverse process is followed once the
transmitted signal arrives at the receiver. Most sensor nowa-
days integrates the RF transceiver, ADC and DAC, processors,
amplifiers, etc in a single small chip comparable to a coin
powered by small batteries. Hence energy needs are conserved.
Three modes of operation were considered:

o ON State: For Information Transmission and reception| \V/

Hybrid Star/ Mesh Topology

Fig. 1. Topology of sensor network considered for this work

o Transition State: The temporary state that acts between
On and Sleep state which sets up the frequency Synthe-
sizer of the local oscillator.

o Sleep state: Saves energy

E _ PONTON + PtransitionTtransition + Psleestleep
Radio — L
(1)

where Pon, Piransition> Psieep are the power consumed
for different states respectively. Ton, Tiransition> Lsieep are
time duration of transceiver on, transition and sleep states
respectively. L is the information bit length for transmission.

Because of the low leakage current assumption for CMOS,
power consumption during sleep is likely to be close to nil.
Additionally, since the transition length is shorter than the ON-
state duration, i.e. the energy during the transitory state is
assumed to be negligible.

Psleestleep << PONTON (2)
Ptransitionj—;fransition << PONTON (3)
Hence equation (1) reduces to
PonTo
ERadio = — 1 )

As Poy comprises of transmitted signal power (Ps;gnai),
power consumed due to power amplifier (P,,) and total power
consumed by the circuit element (P cyuit), equation(4) can
be written as:

(Psignal + Ppa + Pcircuit)TON
L (5)

In general, the efficiency of the power amplifier is given as:

ERadio =

RFoutputpower

= 6
(lpa DClinputpower ©)

Also the relation between power consumption in power am-

plifier P,, and the signal power Py;gpnq i :
f

Ppa = ﬂ X Psignal (7)

Prirfcipal
A.J. Institute of Engineering & Technslvy)
Mangaluru-575006

Authorized licensed use limited to: KIIT University. Downloaded on May 04,2023 at 05:09:09 UTC from IEEE Xplore. Restrictions apply.



where (3 is a constant.
Hence the equation(5) can be re-written as :

{Psignal + (ﬁ X Psignal) + Pcircuit}TON
L
{(1 + ﬁ)Psignal + Pcircuit}TON

- 5 ®)

Eradio =

As the medium is free space and Line of Sight is assumed
to exist between transmitter and receiver, so required signal
power is expressed by the Friis transmission equation [12]

P P, (47)?
signal —
GG, M2

r €))

where P, is the received power; G;, G, are the gain of the
T, and R, respectively; A is the wavelength; r is the distance
between transmitter and receiver antenna; n is the path loss
exponent [13] which ranges from 2 to 4.

The Signal to Noise Ratio(SNR) for uncoded(uc) transmitting
data is given as:

P. x~ 1

SNRue = 3B = NF N

(10)

where M is the number of bits per symbol; BW is the
bandwidth; % is the noise spectral density for additive white
gaussian noise channel; + is the code gain and N F' is the noise
figure for the receiver.

Noise Figure (NF) = 10 log Noise factor (N) (1
The Signal to Noise Ratio(SNR) for coded(c) transmitting data
is given as:

P, 1

SNE. = M x BW x NF Yo

12)

where M is the number of bits per symbol; BW is the
bandwidth; % is the noise spectral density for additive white
gaussian noise channel and NF is the noise figure for the
receiver.

Suppose we are transmitting 'k’ information bits and 'n’ are
the respective encoded bits for k info bits, then code rate(CR)

is calculated to be % Hence

(A+8)Psigna1Ton

ERadioe = Poiyeuis Tox XCRA+ LEcomy X CR (13)
L
Similarly for the uncoded system:
1 Psi na, T P ircui T
ERadiouc _ ( +ﬁ) gnal ON + Pcircuit LON (14)

L

Expression for Information Rate(IR) with Ty is given by

L LT
IR= 7oy = Ton = 5 (15)
S

where T's denotes time spent to transmit one symbol.

IV. SYSTEM PERFORMANCE ANALYSIS AND EVALUATION
A. Analysis of RS codes with BPSK in AWGN channel

Reed-Solomon Codes as error correcting codes remain the
most understood codes whereas in the recent literature survey.
Despite of several theoretical applications, it has much more
impact on practical real-time applications such as wireless
communication.

Performance analysis of Reed-Solomon codes(RS) in Fig.
2 and Fig.3. Fig. 4 shows the Performance analysis of Reed-

0 T
10 —+—bpsk-rs (31,27)
—6— bpsk-rs (31,23)
bpsk-rs (31,19)
2 —*—bpsk-rs (31,15)
10 —&— bpsk-rs (31,11)
bpsk-rs uncoded
15
] -4 1
o 10
.10»6 L
108 | | | .

2 4 6 8 10 12
E,/N, (dB)

Fig. 2. Analysis of RS(31,k) codes with BPSK
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102 ——RS(31,26) - 8FSK
-#-RS(31,26) - 16QAM
RS(31,26) - 16FSK
w10
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1078
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Fig. 3. Analysis of various RS(31,26) codes with M-QAM and M-FSK

Solomon codes (RS) with Binary PSK. Fig. 5 shows the
Performance analysis of Hamming Codes).

B. Performance Evaluation in fading condition

The fade is dependent upon the signal variation in time and
on the received envelope amplitude distribution. In most of the
scenarios, Rayleigh fading is considered due to reflection and
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Fig. 4. Analysis of various RS(31,11) codes with M-PSK and M-FSK
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Fig. 5. Analysis of various Hamming codes with BPSK

scattering of the signal. The envelope of the received signal
can be calculated as:

ZL'»,‘(t) = Rl(t) X Tx(t) X nGaussian(t) (16)

where z,.(t) is Received signal, RI(t) is Rayleigh component,
NGaussian () 18 added Gaussian noise representation. Analysis
of RS codes in AWGN with Rayleigh is presented in Fig. 6. Bit
error rate performance for the different signal constellations is
presented in Fig. 7

V. CONCLUSION

This paper presents the analysis of block codes with various
modulation schemes in AWGN channels. Here for a fixed

1072
—+—Rayleigh-PSK "
—6—(31,25) RS-PSK
(31,21) RS-PSK
0 it —%—(31,19) RS-PSK| |
—5-(31,15) RS-PSK
1076} ]
1078 : . :
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62
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Fig. 6. Performance of various RS codes with Rayleigh channel
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Fig. 7. Bit error rate performance for different signal constellation

modulation type, we have obtained the SNR for coded and
uncoded transmitting data. From the simulation, it is found
that RS codes perform better than Hamming codes.

[1]

[2]

[3]

[4]

[5]

REFERENCES

R. K. Mahapatra and N. Shet, “Experimental analysis of rssi-based dis-
tance estimation for wireless sensor networks,” in 2016 IEEE Distributed
Computing, VLSI, Electrical Circuits and Robotics (DISCOVER). IEEE,
2016, pp. 211-215.

J. Abouei, K. N. Plataniotis, and S. Pasupathy, “Green modulation
in dense wireless sensor networks,” in Acoustics Speech and Signal
Processing (ICASSP), 2010 IEEE International Conference on. 1EEE,
2010, pp. 3382-3385.

R. K. Mahapatra and N. Shet, “Localization based on rssi exploiting
gaussian and averaging filter in wireless sensor network,” Arabian
Journal for Science and Engineering, vol. 43, no. 8, pp. 4145-4159,
2018.

S. Cui, A. J. Goldsmith, and A. Bahai, “Energy-constrained modulation
optimization,” IEEE transactions on wireless communications, vol. 4,
no. 5, pp. 2349-2360, 2005.

F. M. Costa and H. Ochiai, “Energy optimization for reliable point-to-
point communication in energy-constrained networks,” in 2010 IEEE
71st Vehicular Technology Conference. IEEE, 2010, pp. 1-5.

Authorized licensed use limited to: KIIT University. Downloaded on May 04,2023 at 05:09:09 UTC from IEEE Xplore. Restrictions apply.



[6] P. K. Vitthaladevuni, M.-S. Alouini, and J. C. Kieffer, “Exact ber com-
putation for cross qam constellations,” IEEE Transactions on Wireless
Communications, vol. 4, no. 6, pp. 3039-3050, 2005.

[71 F. M. Costa and H. Ochiai, “A comparison of modulations for energy
optimization in wireless sensor network links,” in Global Telecommuni-
cations Conference (GLOBECOM 2010), 2010 IEEE. 1EEE, 2010, pp.
1-5.

[8] I FE Akyildiz, W. Su, Y. Sankarasubramaniam, and E. Cayirci, “A survey
on sensor networks,” Communications magazine, IEEE, vol. 40, no. 8,
pp. 102-114, 2002.

[9] S. Butman, I. Bar-David, B. Levitt, R. Lyon, and M. Klass, “Design
criteria for noncoherent gaussian channels with mfsk signaling and
coding,” IEEE Transactions on Communications, vol. 24, no. 10, pp.
1078-1088, 1976.

[10] Z. H. Kashani and M. Shiva, “Channel coding in multi-hop wireless
sensor networks,” in ITS Telecommunications Proceedings, 2006 6th
International Conference on. 1EEE, 2006, pp. 965-968.

[11] R. K. Mahapatra and N. Shet, “Topology control in wireless sensor
networks: A survey,” in Innovations in Electronics and Communication
Engineering. Springer, 2019, pp. 335-346.

[12] T. S. Rappaport et al., Wireless communications: principles and practice.
prentice hall PTR New Jersey, 1996, vol. 2.

[13] B. Sklar, Digital communications. Prentice Hall NJ, 2001, vol. 2.

" |
|
Pridcipal

A.J. Institute of Engineering & Technelvy)
Mangaluru-575006

Authorized licensed use limited to: KIIT University. Downloaded on May 04,2023 at 05:09:09 UTC from IEEE Xplore. Restrictions apply.



	IEEE_International_Conference_on_Recent_Trends_in_Electronics_and_Communication
	Table_of_Contents
	Analysis_of_Modulation_schemes_Using_Rayleigh_and_AWGN_channel_for_wireless_sensor_nodes_in_Internet_of_Things

