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Abstract

In this paper, we investigate the performance of a single-relay cooperative wireless communication
system with implementation of Orthogonal Frequency division multiplexing technique under Amplify-
and-Forward (AAF) and Decode-and-Forward (DAF) relaying protocols on color image transmission.
The system under investigation incorporates four conventional signal combining schemes such as Equal
Ratio Combining (ERC) and Fixed Ratio Combining (FRC), Signal to Noise Ratio Combining (SNRC)
and Enhanced Signal to Noise Ratio Combining (ESNRC) under BPSK and QPSK digital modulations.
In the present study, results of BER simulation in AWGN and Raleigh fading channels shows that the
system outperforms in ERC combining scheme as compared to others (FRC, SNRC and ESNRC) under
BPSK digital modulation and AAF relaying protocol. It is observed that a quite satisfactory system
performance is achieved in ERC scheme under AAF relaying protocol with BPSK digital modulation. It
has been anticipated from the simulation study that the performance of the cooperative OFDM
communication system degrades with the increasing of noise power and level of modulation.
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1. Introduction

Cooperative and relay communications have been one of the most widely explored
topics in communications over the past few years. The key idea is to have users cooperate in
transmitting their messages to the destination, instead of operating independently and
competing among each other for channel resources, as done in conventional networks.
However, as the field has progressed over the years, cooperative communications have now
become a design concept rather than a specific transmission technology. This concept has
revolutionized the design of wireless networks, allowing us to increase coverage, throughput,
and transmission reliability even as conventional transmission techniques gradually reach their
limits. In recent years, cooperative and relay technologies are expected to be implemented in
next generation wireless communication system targeted to achieve 1Gbps for downlink (DL)
and 500 Mbps for uplink (UL) throughput under LTE-Advanced standard (Peter et al., 2010;
Young et al., 2010). In wireless Communication systems, the use of diversity techniques has by
now been well documented to combat the detrimental effects of signal fading. Cooperative
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communications are gaining increasing interest in the wireless community as a new diversity
enabler. In cooperative communications, besides the source destination pair, some cooperating
nodes that overhear the source node are also involved in the signal transmission by relaying the
received signal from the source to the destination. Cooperative communications can achieve
spatial diversity because signals bearing the same information go through uncorrelated channels
introduced by cooperating nodes. Although spatial diversity can also be achieved by multiple
input multiple output (MIMO) technology, nodes in cooperative networks need not be equipped
with multiple antennas and thus require less hardware complexity while offering counter-fading
capability. Moreover, cooperative communication can also mitigate the effects of shadowing
and path loss inherent in wireless channels. It has been shown that cooperative communications
not only increase the data rate but also reduce error probability of wireless links (Sendonaris et
al., 2003(a); Sendonaris et al., 2003(b); Laneman et al., 2004).

2. Materials and Methods

We assume that the simulated Cooperative OFDM system implements two relaying
protocols (AAF and DAF) .A description of these protocols are given below.

2.1. Relaying Protocols
2.1.1. Amplify-and-Forward (AAF)

In amplify-and-forward (AAF) relaying schemes, the relay forwards a scaled version of the
received signal to the destination regardless of the source-relay link quality. In Phase I, the
source transmits the symbol block

X, = [x‘Y [O],..., X, [M - 1] ] to both the relay and the destination and the received signals are
given by

yr[m]:hx,r \/P‘Y'xs[m]-i_wr[m]’ (1)
vi'lml=h P x [m ]+ wPm] @)

respectively for m=0, 1... M-1, Here, P, is the source transmission power, h,, and h,4 are the
channel coefficients of the source-to-relay (s-r) and the source-to-destination (s-d) links,respec-

tively, and w,[m] .cn (0.0 rz ) and wy''[m] _cn (0.0 j ) are the additive white Gaussian noise

(AWGN) at the relay and the destination, respectively.
In Phase II, the relay first scales the received signal in (1) to yields a normalized

X, [m] |ZJ= 1, for all m. If the instantaneous channel gain [h” ]2 is

transmit vector X, with El

known at the relay, the relay can multiply the received signal y, [m] by the gain

G - ! _ ! 3)

V \/E[yr[m”z“hs,r‘z} \/Psh ‘o0

and we can write,

s,r

x,[m]=G,y,[m]
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It is noticeable that the gain G, depends on the source relay channel coefficient /2,

The relay forwards the signal x, with power P to the destination where the received signal can
be expressed as
33 )= by [P, o]+ o

PP P (2)

= > hs,rhr,dxs [m]+ A hr,dwr [m]+ W

[m] )

For m=m=0...M — 1. The signals arriving at the destination can be utilized for detection
with or without diversity combining.

2.1.2. Decode-and-Forward (DAF)

In Decode-and-forward (DAF) relaying schemes, the source first transmits a message to both
the relay and the destination in Phase I. Then, if the relay is able to successfully decode the
message, it will regenerate the same message and forward it to the destination in Phase II. It is
assumed that in each cooperative transmission, an equal amount of time is allocated to Phase I
and Phase II. Specifically, in Phase I, the source transmits the symbol block to both the relay
and the destination. Due to the broadcast nature of the wireless medium, both the relay and the
destination will receive a noisy version of the signal in Phase I, which are identical to equation
1 and 2.In phase II, the relay correctly decodes the message and re-encodes it into a codeword
and retransmits it to the destination (Peter et al.,2010).

In receiving section of the wireless communication system, the transmitted signal
following independent fading channels for multiple receive antennas are co phased and
combined to obtain a resultant signal using various signal combining schemes as follows (Leng
et al., 2010):

2.2. Combining Techniques
2.2.1. Equal ratio combining (ERC)

In ERC, the weighting coefficients k;= k, = k3 = - - - ky , the signal received at destination is
given by:

k
Ya [n]ZZYi,d [n] (6)
i=1
and in case of single relay, the equation (6) is modified to:
valnl=y.aln]+ v, ,[n] ©)
Where, y_ , [n] is the signal from the source node to the destination node. y, , [n] is the signal

from the relay to the destination node.
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2.2.2.Fixed ratio combining (FRC)

In FRC, the received signals are combined based on a fixed weighting factor instead of being
added together averagely, while the weighting factor in the whole process of the
communication is not changing. The weighting coefficients need to be determined by the
channel fading and other factors. The signal received at destination in FRC can be expressed as

yon1=> diy - yi.In] ®)

Here, d, , is the received signal, y, , is the weighting factor, if only one relay, then the equation
(8) can be written as:

Ya [n]zds,d "Vod [n’]+ds,r,d Vi [”] &)
Where, d , is the weighting coefficient of a direct link and d_, , is the weighting coefficient

of the relay link.

2.2.3.Signal to noise ratio combining (SNRC)

In SNRC, the weighting factor is based on the SNR of the received signal. The combined
signal can be obtained as

k

valnl=2 SNR -y, [n] (10)
i=1

and in case of single relay, the equation (10) is modified to:

Ya [”]:SNR,d *Ysa [n]+SNR,r,d “Yid [”] (11)

Where, SNR, , is the weighting coefficient of a direct link and SNR_, , is the weighting

coefficient of a relay link.

2.2.4.Enhanced Signal to Noise Combining (ESNRC)

Another plausible signal combining scheme is to ignore an incoming signal when the data from
the other incoming channels have a much better quality. If the channels have more or less the
same channel quality, the incoming signals are rationed equally. We can fix the SNR value of
the channel for which this decision can be made. In this simulation study, a SNR value of 10 dB
has been fixed up. The signal received at the destination can be expressed as

SNR

Vol ——=>10
¢ SNR,,,
SNR
yd [n]= ys,d [n]+ys,r,d [”l] O'IS#SIO (12)
s,r,d
SNR
ys,r, [I’l] —Sd<01
‘ SNRs r.d

Where, SNR;4 and SNR;, 4 are the sender to destination channel (direct channel) and the
sender-relay-destination channel (relay channel) SNR values respectively( Laneman et al.,
2004).
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3. System Model

The block diagram of the simulated Cooperative OFDM system is shown in Figure 1. It
consists of three major units such as sender, relay and destination. In sender unit, a non-
compressed digital color (RGB) image in Joint Photographic Experts Group (JPEG) format is
used. as input information source. and it is discredited into raster of 160 x 108 picture elements
and the analog transmission signals RGB are converted into digital image components after
analog-to-digital conversion. The digital image samples of each RGB components are
multiplexed serially (Tomas, 2003). The multiplexed binary bit stream is applied to the Y2-rated
Convolutional encoder and interleaved (Goldsmith, 2005). The convolutionally encoded
interleaved bits are modulated digitally by binary phase shift keying (BPSK)/ Quadrature phase
shift keying (QPSK). The symbols are then fed into OFDM modulator which performs an IFFT
on each OFDM block of length 256 symbols/ sub carriers followed by a parallel to serial
conversion A cyclic prefix (CP) of length Lcp containing a copy of the last Lcp samples of the
parallel to serial converted output of the 256-point IFFT is then prepended. The CP is
essentially a guard interval, which serves to eliminate interference between OFDM symbols.
However, the resulting OFDM symbols of length 256+ Lcp are lunched from the transmit
antenna. At destination, the receiver receives two signals, one directly transmitted from sender
and another one via relay. In relay unit, it receives transmitted signal from sender, it process the
signal under any one of the two relaying protocols and re-transmits. In destination, the two
signals are combined using various combining techniques and the transmitted signal from
sender with its increased strength as compared to noise signal is retrieved. The retrieved signal
processed through differ-rent sections of OFDM demodulator, is de-mapped, deinterleaved and
convolutionally decoded to recover the transmitted input data.

Convolutional
Encoder

Parallel to Cyclic Prefix
Serial Insertion
Conversion

Relaying
Protocol

Parallelto P ! Serial to
Serial 3 Parallel
Conversion Conversion

Convolutional Retrieved Data
Demapping Deinterleaver Decoder (SyntheticiText/
Color image)

DESTINATION

Figure 1: Block diagram of a Cooperative OFDM wireless Communication System
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4. Results and Discussion

The plotted curves presented in Figure 2 show a remarkable performance enhancement under
Equal Ratio Combining scheme with AAF relaying protocol and BPSK digital modulation.For
a typically assumed SNR value of 4dB, the BER values are 0.00001 and 0.00010 in case of
ERC and FRC combining schemes viz, the system performance is improved in ERC by 20.00
dB as compared to FRC. In Figure 3, the system provides a quite satisfactory performance
under Equal Ratio Combining scheme with DAF relaying protocol and BPSK digital
modulation. At SNR value of 4dB, the BER is found to have a value of 0.0001 which is
indicative of better system performance in BPSK modulation. In Figure 3, the system provides
a quite satisfactory performance under Equal Ratio Combining scheme with DAF relaying
protocol and BPSK digital modulation. At SNR value of 4dB, the BER is found to have a value
of 0.0001, which is indicative of better system performance in BPSK modulation. In Figure 4,
the system provides a quite satisfactory performance under Equal Ratio Combining scheme
with DAF relaying protocol and BPSK digital modulation. At low SNR value of 2dB, the BER
value is  0.00003 which is high as compared to 0.00001 in case of AAF relaying protocol
(Figure 2). In Figure 4, it is quite noticeable that an almost flat responsive system performance
is observed in FRC relaying protocol. In case of SNRC and ESNRC signal combining schemes,
the system shows almost identical response over a significant band of SNR values.

0.0014 T T T

—— Amplify and Forward Relay with SNRC+ BPSK
— Amplify and Forward Relay with ESNRC + BPSK
0.0012 —— Amplify and Forward Relay with FRC + BPSK
Amplify and Forward Relay with ERC + BPSK

0.0008 |-

BER

0.0004 |-

Signal to Noise ratio{dB)

Figure 2: Performance simulations of the Cooperative OFDM wireless communication system
with implementation of Amplify and Forward relaying protocol under
four signal combining schemes and BPSK digital modulation
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Figure 3: Performance simulations of the Cooperative OFDM wireless communication system
with implementation of Amplify and Forward relaying protocol under four signal combining
schemes and QPSK digital modulation

On critical evaluation on simulation results presented in Figure 5, the system shows a
satisfactory performance under Equal Ratio Combining scheme with DAF relaying protocol
and QPSK digital modulation. For a typically assumed SNR value of 4dB, the BER value is
0.0001 which is high as compared to 0.00001 in case of BPSK digital modulation(Figure
4).Figure 6 through Figure 8 show the transmitted and retrieved color image at different SNR
values for the Cooperative OFDM system under implementation of Amplify and Forward
relaying protocol with Equal Ratio Combining and BPSK digital modulation schemes.
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Figure 4: Performance simulations of the Cooperative OFDM wireless communication system
with implementation of Decode and Forward relaying protocol under
four signal combining schemes and BPSK digital modulation
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Figure 5: Performance simulations of the Cooperative OFDM wireless communication system
with implementation of Decode and Forward relaying protocol under
four signal combining schemes and QPSK digital modulation

Transmitted image Retrieved image

Figure 6: Transmitted and Retrieved color image at 0 dB SNR for the Cooperative OFDM
wireless communication system under implementation of Amplify and Forward relaying
protocol with Equal Ratio Combining and BPSK
Digital modulation schemes
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Transmitted image Retrieved image

Figure 7: Transmitted and Retrieved color image at 4 dB SNR for the Cooperative OFDM
wireless communication system under implementation of Amplify and Forward relaying
protocol with Equal Ratio Combining and BPSK
digital modulation schemes

Transmitted image Retrieved image

Figure 8: Transmitted and Retrieved color image at 10 dB SNR for the Cooperative OFDM
wireless communication system under implementation of Amplify and Forward relaying
protocol with Equal Ratio Combining and BPSK
digital modulation schemes
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5. Conclusion

In this paper, we have presented simulation results concerning the adaptation of various signals
combining and relaying protocol schemes in a Cooperative OFDM wireless communication
system. A range of system performance results highlights the impact of signal combining
scheme and relaying protocol on color image transmission.. In the context of system
performance, it can be concluded that the implementation of BPSK digital modulation
technique in Amplify and Forward relaying protocol with Equal Ratio signal combining scheme
provides satisfactory result for such a cooperative OFDM communication system.
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