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−5 bit
error rate value is reached at 16.50 dB for low density parity
check coded orthogonal frequency division multiplexing over
Rician fading environment in decode-and-forward relay protocol.
Similarly, 10−5 bit error rate value is reached at 0.36 dB for the
low density parity check coded orthogonal frequency division
multiplexing over Rician fading environment in amplify-and-
forward relay protocol and finally 10

−5 bit error rate value
is reached at −5.30 dB for low density parity check coded
orthogonal frequency division multiplexing over Rician fading
environment without relay protocols.

Index Terms—Low-density parity check-codes, OFDM, Cooper-
ative communications, Wireless sensor networks

I. INTRODUCTION

W

communication values.
On the other hand, cooperative communications [2] have

got advantages over classical point to point communications.
The basic idea behind cooperative communications is terminals
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So as to minimize the energy consumption, [11] utilizes
cooperative multiple-input multiple-output (MIMO) orthogo-
nal frequency division multiplexing (OFDM) system model
structure for wireless sensor networks. Likewise, [12] also
deals with the energy minimization for sensor networks ap-
plications. Apart from the aforementioned studies, [12] takes
into consideration the circuit energy consumption as well. In
addition, [12] also shows that single input single output (SISO)
systems may outperform the MIMO systems when the data
rate and modulation scheme are fixed. In order to minimize
the overall transmit power, [13] proposes and analyses joint
power control and bit rate assignment for OFDM modulated
two-way AF relay wireless sensor networks. [14] utilizes
Low-Density Parity-Check (LDPC) error correcting codes for
channel coding and investigates the various types of multi-
carrier modulation techniques, which are single-carrier fre-
quency division multiple access (SC-FDMA) and orthogonal
frequency division multiple access (OFDMA), effect on system
total power consumption. [15] provides a systematic literature
review regarding error correcting codes for wireless sensor
networks. [15] seeks answers for the importance of the error
correction codes for wireless sensor network applications in
terms of energy, power, and performance. [16] utilizes quasi-
cyclic LDPC code for improving the complexity of the encoder
in wireless sensor node.
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Abstract—This paper investigates the low-density parity-check
codes and orthogonal frequency division multiplexing technique
effects on the relay assisted sensor networks. The investigation
utilizes Rician and Rayleigh fading environments for the per-
formance analysis. The investigation also considers two different
types of information exchange processes, which are direct and
relay assisted cases. In the relay assisted case, the relay terminal
operates in amplify-and-forward and decode-and-forward modes.
Monte-Carlo based computer simulations reveal that 10

ITH THE helping hand of advances in the sensor tech-
nology, wireless sensor networks have got a lot of usage

areas in recent years. These usage areas can be summarized
as: military, meteorological, biomedical, security, space explo-
ration, monitoring, environmental, and home applications [1].
Although commonly usage of sensors, they have got some
disadvantages. One of the main disadvantages of the sensors
is the battery problem. These tiny creatures have got limited
battery capacity. This negative way of the sensors effects to
make better communication in low signal-to-noise ratio (SNR)
values. Many researchers are dealing with this negative effect.
One of the main desires for the communication systems is to
achieve better communication values at lower power levels. In
a classical point to point communication method, signals may
lose in channel because of the fading effects. To prevent losing
signal, it must be sent with high SNR values at transmitter
side. This causes more energy consumption to reach better
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share their resources to mitigate the fading and interference
effects over signals. There are several cooperative relay strate-
gies proposed in literature such as, amplify-and-forward (AF)
[3], decode-and-forward (DF) [4], compress-and-forward [5],
coded cooperation [6], and filter-and-forward [7]. One of
the main objectives of these cooperation techniques is to
use the relay node effectively. At each relay node, signals
regenerate from the relay process and this minimizes the effect
of the channels over signals and provides reliable and robust
communications in low power values. In [8], authors proposed
a joint network-channel coding in cooperative communications
model and one of the main aim of their proposed model is to
achieve better bit error rate (BER) performance values. In this
proposed model, both source and relay nodes have to send
their data to the destination node. Similarly, in [9], the authors
proposed a model to reduce the power consumption effectively.
In this proposed model, each source node behaves as a single
carrier transmitter and the other nodes, which are near the
source node, work as relay nodes, which shift the signal from
the source node to specific frequencies. Moreover, in [10] the
authors designed a model for energy efficient rural applications
in wireless sensor networks and they reached sufficient results
for a cluster head to data gather node transmission through
Nakagami-n channel in wireless sensor network.



Differently from aforementioned studies, in order to mini-
mize the overall energy consumption, this paper utilizes LDPC
error correcting codes for channel coding process. BPSK
modulation and OFDM multicarrier modulation techniques are
chosen to achieve better communication values at low SNR.
The MRC technique is utilized at the receiver side to combine
the received signals, which are coming from source and relay
terminals. This proposed model is performed with and without
OFDM and relay nodes over various channel types to measure
the robustness and overall power consumption of the designed
model.

The rest of the paper is organized as follows. In Section
2, the LDPC codes, which are used for channel coding, are
briefly described. In Section 3, the OFDM technique is briefly
described. In Section 4, purposed cooperative communication
system model is described. In section 5, simulation results
are presented and finally in Section 6, performance results are
briefly discussed.

II. LOW DENSITY PARITY CHECK CODES

LDPC codes are known as a linear block codes and was
first introduced by Gallager [21] in 1962. But it has not been
used for a long time until McKay and Neal [22] brought it
to the light in 1992. After 1992, LDPC codes has found a
lot of usage areas in literature and in daily life. LDPC codes
have got two types. The first one is regular LDPC codes,
which is introduced by Gallager in 1962, and the other one
is irregular LDPC codes [23]. The differences between regular
and irregular LDPC codes are the structure of the parity check
matrix, H. In regular LDPC codes, the parity check matrix’s
columns and weights are produced constantly. On the other
hand, in irregular LDPC codes, the parity check matrix’s
columns and weights are produced non-constantly. Irregular
LDPC codes perform better than regular LDPC codes because
of the distribution of 1 and 0 bits.

III. ORTHOGONAL FREQUENCY DIVISION
MULTIPLEXING

Over the last decade, with the improvements on the Digital
Signal Processers (DSP), OFDM has found a lot of usage areas
in wideband communication over mobile radio FM channels,

asymmetric digital subscriber lines (ADSL), high-speed digital
subscriber lines (HDSL), very high-speed digital subscriber
lines (VHDSL), digital audio broadcasting (DAB), digital
video broadcasting (DVB) and HDTV terrestrial broadcasting
[24]. In a single-carrier data transmission technique, the infor-
mation bit sequences are sent on a single-carrier modulation
system and if there is a burst occurring in a bit sequence it
affects all the bit sequences. To overcome this negative effect
Frequency Division Multiplexing (FDM) method is proposed.
FDM divides the frequency bands into several sub channels
and these sub channels are non-overlapping each other. This
enables to use the frequency spectrum efficiently. In 1966

Chang [25] proposed orthogonality and overlapping methods
for multicarrier modulation to use the frequency spectrum
efficiently. OFDM is a special type of FDM technique and
the concept of the OFDM is to divide the communication
channel into several sub channels which is called in commonly
subcarriers. These subcarriers are orthogonal and overlapping
between each other. This orthogonality and overlapping enable
to use spectrum very efficiently. Each subcarrier carries the one
bit of the total information bits [26, 27]. The OFDM transmitter
and receiver structures are depicted in figure 1 (a) and (b),
respectively [24].
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Fig. 1: Overview of OFDM scheme.

At transmitter side, a group of serial data sequences are
made parallel by using serial to parallel converter and are sent
to the IDFT block to modulate each separate parallel data
sequences. Then these modulated bit sequences are sent to
the cyclic prefix (CP) block to add bits from end of the line
to avoid the inter-symbol interference (ISI) and inter-carrier
interference (ICI) effects. After this process, these parallel bit
sequences are sent to the parallel to serial blocks to be a serial
data sequence. Finally, these data sequences are sent to the
channel. At receiver side, serial data sequences are received
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Reference [17] considers wavelet based compress-and-
forward relay protocol and investigates the wavelet compres-
sion families Haar and Daubechies-4 techniques’ performance
evaluations in wireless sensor networks. In addition, [17]
utilizes LDPC error correction codes at transmitter side and
maximum-ratio combining (MRC) technique at receiver side.
Results in [17] reveal that Haar achieves better performance
than Daubechies-4. [18] provides performance comparison
of the binary phase shift keying (BPSK) modulated error
correction codes in additive white Gaussian noise (AWGN)
environment. [18] shows that Reed-Solomon code achieves
better BER performance than its counterparts. [19] proposes
serially concatenated LDPC and turbo codes scheme for wire-
less sensor networks. [20] seeks an answer for the distance
and frequency effects on the error correction codes’ energy
efficiency in wireless sensor networks.

202



and forwarded to the serial to parallel blocks and then sent to
the removing CP block to remove added bits which are added
at transmitter side to avoid the ISI and ICI. Then these bits
are sent to the DFT blocks to demodulate and then sent to the
parallel to serial block to handle serial data sequence.

IV. SYSTEM MODEL

In proposed communication system models, which are de-
picted in figure 2 and 3, the investigation considers with relay
node and without relay node over various channel types such
as, AWGN environment, fading environment both for Rician
and Rayleigh types in wireless sensor networks. The investi-
gation considers that the sensor nodes, which are presented
in figure 2 and 3, are placed in a small cluster with equal
distance. The investigation utilizes LDPC codes for channel
coding process instead of classical communication systems.
This channel encoder helps to reach Shannon [28] theoretical
communication limit at low signal to noise ratios. Since the
relay terminal operates in half-duplex mode, the information
exchange process can be completed in two phases, which are
phase I and Phase II.

The received signals at relay and destination terminals for
figure 2 and 3 can be written as:

ys,r =
√

P1hs,rx+ ns,r (1)

ys,d =
√

P1hs,dx+ ns,d (2)

where ys,d and ys,r are received signals at destination and
relay terminals, respectively. P1 is the transmit power at source
terminal. x is the transmit information. hs,d and hs,r are
channel impulse responses between source → destination and
source → relay, respectively. ns,d and ns,r are AWGN at
destination and relay terminals, respectively.

In the case that relay terminal operates in AF mode, the relay
terminal amplifies the received signal, which is coming from
the source terminal, with G amplification factor and forwards
it to the destination terminal. The G amplification factor can
be calculated as:

G =

√

P2

P1|hs,r|2 +N0

(3)

where P2 is the relay terminal’s transmit power and N0 is
the noise variance at relay terminal. After this amplification
process, the received signal at destination terminal can be
written as:

yr,d = G
√

P2hr,dys,r + nr,d (4)

In the case that relay terminal operates in DF mode, the
relay node receives coded signal coming from the source
node and decodes the received signal and then transmits the
decoded signal to the destination node. The received signal at
destination terminal can be written as:

yr,d =
√

P2hr,dx̂+ nr,d (5)

where x̂ is the decoded information. At destination node, the
signals coming both from the source node and the relay nodes

are combined by using MRC [29] or maximum-likelihood
(ML) receiver [30]. The combined signal at the MRC detector
can be written as in [29, 31]

y = a1ys,d + a2yr,d (6)

Here, y is the received signal both coming from the source
node and the relay node. a1 and a2 factors can be formulated
with the help of [29, 31] as:

a1 =

√
P1hs,d

N0

(7)

a2 =

√
P2hr,d

N0

(8)

Cooperative communication system is designed based on
following assumptions:

• (a) For LDPC structure, Generator matrix, G is
302x1200 bits and parity check matrix, H is 900x1200
bits length and regular LDPC codes are used.

• (b) For OFDM structure, serial to parallel block divides
the signal by 10 to make parallel and for the CP block
takes 5 of the signal. For this model, 60 bits of the
1200 bits length of the signal for both adding CP and
removing CP blocks.

• (c) For the channel type, when the communication
system performed with the OFDM technique, noise is
normalized with 0.08 coefficient.

• (d) For AF and DF cooperative relay protocols, transmit
powers, P1 = 0.6P and P2 = 0.4P are chosen.

• (e) Both for AF and DF relay protocols 8 relay nodes
are utilized for cooperative communication.

For no relay node model, communication system is designed
by using LDPC codes with and without using OFDM technique
and is performed over various environments such as AWGN
environment, fading environment both for Rayleigh and Rician
cases. This model is classical communication model and com-
munication takes place between source node and destination
node. At source node, 302 bit length source data is sent to
the LDPC encoder block, after encoding process according
to the assumption (a) at LDPC block, 302 bit length signal
become 1200 bit length and sent to the BPSK modulation.
The mathematical formulation for BPSK can be written as:

z = 2x− 1 (9)

Here, x is the 1200 bit length LDPC coded signal and z is the
output of the BPSK modulation. In BPSK modulation block
”0” bits are converted to ”−1” and ”1” bits are converted to the
”1” and sent to the OFDM block. In OFDM block, modulated
serial bits are converted to the parallel bits according to the
assumption (b) at serial to parallel block. 1200 bits length
signal is divided by ”10” and we have 120x10 matrix and
then this matrix block sent to the IDFT block. At IDFT block
modulation process takes place here. After IDFT block, this
signal set is sent to the CP block to add bits according to
the assumption (b), which is stated above. The reason why
these bits are added at CP block is to mitigate the effect of
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Fig. 2: DF based proposed cooperative communication model.
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Fig. 3: AF based proposed cooperative communication model.
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the ISI and ICI. After adding CP block, signal set become a
126x10 matrix and this parallel block is converted to serial
bit set by parallel to serial block. This 1260 length bit set is
sent to the channel. At channel the system is performed with
AWGN environment and fading environment both for Rician
and Rayleigh fading cases. When the communication system
is performed with OFDM block, channel noise is normalized
with 0.08 coefficient based on the assumption (c).

At receiver side, inverse OFDM block receives 1260 bit
length noisy signal from channel. The first process in inverse
OFDM block is to convert this 1260 bit length serial data
stream into the parallel based on the assumption (b). After the
serial to parallel block, signal set is become a 126x10 matrix
and is sent to the removing CP block to remove the CP bits,
which is 60 bits. After the removing CP block signal set is
become a 120x10 matrix. This parallel block is converted to
serial data stream by parallel to serial block and is become
1200 bit length. This block is the last block for the inverse
OFDM block. 1200 bit length bit stream is demodulated with
BPSK demodulation block and forward to the LDPC decoder
block to handle the recovered bits. At LDPC decoder, Message
Passing Algorithm (MPA) [32] is used for decoding process.
After decoding process, recovered bit sequences are handled.
For this proposed communication model, simulation results are
presented in table 1 and figure 4.

For DF cooperative communication, system model is de-
picted in figure 2 and communication takes place in 2 phases,
Phase I and Phase II. For phase I situation, source node is
designed based on assumptions and likewise no relay model.
Source node sends 1260 bit length bit stream to the relay node
and destination node simultaneously according to (1) and (2),
respectively. When the relay node receives noisy signal from
source node, inverse OFDM block processes the signal and
at the end of the inverse OFDM block, 1200 bit length set is
handled and forwarded to the BPSK demodulation block. After
demodulation process, LDPC decoder receives it and decodes
it by using MPA and recovered bits are modulated with BPSK
modulation block according to (9). For phase II situation,
BPSK modulated signal is forwarded to the destination node
according to (5).

Destination node receives these signals coming both from
source node-phase I and Relay nodes-Phase II. These signals
are different between each other, such as source node signal
is LDPC coded OFDM signal and the relay node signal
is decoded signal, so destination node process these signals
separately. When the destination node receives noisy source
signal from phase I case, it forwards to the inverse OFDM
block and when the destination node receives decoded signal
from relay nodes it forwards to the BPSK modulation block.
These signal sets are demodulated separately and combined at
MRC according to (6) and forwarded to the LDPC decoder.
LDPC decoder decodes them using MPA and recovered bits
are handled. Simulation results are presented in table 1 and
figure 5.

For AF cooperative communication, system model is illus-
trated in figure 3 and it is designed based on assumptions.
Communication takes place in 2 phases, Phase I and Phase II
as in DF protocols. Source node is similar with no relay model

and DF model and for Phase I case, source node sends 1260

bit length bit stream to the relay node and destination node
simultaneously according to (1) and (2), respectively. When
the relay nodes receive noisy signal from source node they
simply amplifies the noisy signal with (3) and forwards to the
destination node according to (4) in Phase II case. Destination
node receives signals both from source node and relay nodes
and it combines these signals by using MRC according to
(6) which is constructed based on (7) and (8). MRC block
forwards to the inverse OFDM block and after the inverse
OFDM blocks, 1260 bits length signal is become 1200 bits
length and is forwarded to the BPSK demodulation block.
Demodulated signal is sent to the LDPC decoder and it is
decoded by using MPA and finally recovered bit sequences
are handled. Simulation results are presented in table 1 and
figure 6.

V. SIMULATION RESULTS AND DISCUSSION

In this study, LDPC codes and OFDM techniques are
utilized for cooperative wireless sensor networks. AF and
DF relay protocols are chosen for cooperative communication
model. The investigation is also modeled and performed LDPC
coded OFDM and without OFDM technique with AWGN,
fading environment both for Rician and Rayleigh cases without
using any relay node. For no relay node case, the Shannon
theoretical limit value, 10−5 BER, is reached at −0.50 dB
for LDPC coded AWGN environment, −3.20 dB for LDPC
coded OFDM over AWGN environment. The effect of the
OFDM systems over performance evaluation can be clearly
seen from performance curves. 2.70 dB gain is achieved by
using OFDM system. Similarly when the LDPC coded signal
is performed over fading environment, 10−5 BER value is
reached at 2.30 dB for Rayleigh fading case (K=0), −4.30 dB
for LDPC coded OFDM over Rayleigh fading case. Here, 6.60
dB gain is reached by using OFDM system. For Rician fading
case (K=10), 10−5 BER value is reached with LDPC coded
signal at −0.10 dB and −5.30 dB for LDPC coded OFDM
system. Here, 6.40 dB gain is reached by using OFDM system.
These performance evaluation curves are presented in figure
4. For DF, communication model is presented in figure 2. The
investigation is performed with and without OFDM systems.
Here, 10−5 BER value is reached at 33.00 dB for LDPC
coded Rayleigh fading environment case (K=0) and 30.00 dB
for LDPC coded OFDM over Rayleigh fading environment.
3.00 dB gain is obtained by using OFDM. For Rician case
(K=10), 10−5 BER value is reached at 19.00 dB for LDPC
coded version and 10−5 BER value is reached at 16.50 dB for
LDPC coded OFDM over Rician fading environment. By using
OFDM, 2.50 dB gain is obtained. Performance evaluation
curves are presented in figure 5. For AF relay protocol,
cooperative communication model is depicted in figure 3. The
investigation is performed with and without OFDM techniques.
Performance curves are shown in figure 6. Here, 10−5 BER
value is reached at 1.42 dB for LDPC coded Rayleigh fading
environment case (K=0). On the other hand, 0.75 dB is reached
for LDPC coded OFDM over Rayleigh fading environment. In
these cooperative communication schemes, by using OFDM,
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0.67 dB gain is obtained. For Rician fading case (K=10), 10−5

BER value is reached at 1.09 dB for LDPC coded version and
10−5 BER value is reached at 0.36 dB for LDPC coded OFDM
over Rician fading environment. By using OFDM, 0.73 dB
gain is obtained. Performance evaluation curves are presented
in figure 6.

According to the above simulation results, it can be clearly
seen the effect of the OFDM systems over communication
models. It is also observed from the figures that significant
coding gain can be achieved by using OFDM and LDPCC
techniques. When the relay protocols are performed in Rician
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Fig. 6: Performance of LDPC and LDPC-OFDM systems over
wireless sensor networks for AF relay protocols.

and Rayleigh fading cases, the best value is reached in AF
relay protocol.

Consequently, for practical applications, AF relay protocol is
better than DF relay protocol because of its lower complexity
and lower power consumption.

VI. CONCLUSION

This paper have proposed a communication model which
utilizes LDPC encoder, OFDM, and communication protocols
for the relay process, which are AF and DF protocols. The
investigation have achieved significant coding gain by using
OFDM technique. The results are clearly stated and observed
the effect of the OFDM in the simulation results.

In future works, the proposed model can be compared
by using different coding techniques, relay protocols and
the multiplexing method, which is non-orthogonal multiple
access, to achieve a better performance values in lower power
consumption.
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