International Journal of Signal Processing, Image Processing and Pattern Recognition
Vol.8, No.10 (2015), pp.39-48
http://dx.doi.org/10.14257/ijsip.2015.8.10.05

Impact of Various Signal Detection Schemes on Performance
Assessment of DCT-IFDMA SC-FDMA System

Md. Afzal Hussain®, Mahmudul Haque Kafi?, Sk. Sifatul Islam? and Shaikh
Enayet ullah®

!Spectrum Engineering Consortium Ltd., Dhaka-1205, Bangladesh
?Postgraduate student, Department of Applied Physics and Electronic
Engineering
Rajshahi-6205, Bangladesh
*Department of Applied Physics and Electronic Engineering, University of
Rajshahi, Rajshahi-6205, Bangladesh
emon4950@yahoo.com, mahmudkafi49@gmail.com, chisty56@gmail.com and
enayet67@yahoo.com

Abstract

In this paper, an effort has been made to observe critically the impact of various
channel coding and signal detection schemes in DCT-IFDMA aided SC-FDMA wireless
communication system on color image transmission. The simulated system incorporates
MMSE-SIC , OSIC, ZF and MMSE as signal detection and % -rated irregular LDPC and
Repeat and Accumulate as channel coding schemes under 4 x 4 antenna configuration. It
is noticeable from MATLAB based simulative study that the system shows quite
satisfactory performance in retrieving transmitted color image under scenario of hostile
fading channel environment with implementation of MMSE-SIC signal detection, QAM
digital modulation and Repeat and Accumulate channel coding scheme.
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1. Introduction

With rapid increase in the demand of ubiquitous communication services, it is
observable in recent years a massive deployment of cellular networks. Several cellular
technologies have surfaced over the past some time and the long term evolution (LTE)
and its successor LTE-advanced (LTE-A) networks have already been deployed
commercially in different regions of the world and attracted considerable attention in the
cellular domain. The LTE-A networks use single-carrier frequency division multiple
access (SC-FDMA) for uplink transmissions.

In comparison to OFDMA, the SC-FDMA significantly reduces the envelope
fluctuations in the transmitted waveform. The SC-FDMA signals have inherently lower
peak-to-average power ratio (PAPR) than the OFDMA signals. As the SC-FDMA system
uses different sub channels(subsets of subcarriers) to transmit the information symbols in
parallel with each other, various subcarriers assigning schemes such as IFDMA(
Interleaved FDMA), DFDMA(Distributed FDMA) and LFDMA (Localized FDMA) are
used in SC-FDMA systems. The SC-FDMA systems with IFDMA and LFDMA have a
better PAPR performance than OFDMA systems. In Device-to-device (D2D)
communication-enabled cellular networks, cellular devices are allowed to directly
communicate with each other without any evolved NodeB (eNB). D2D communication
aims to improve the spectral efficiency and increases the overall system capacity. In 2015,
the SC-FDMA has been adopted as UL transmission scheme using fractional frequency
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reuse (FFR)-based architecture to efficiently The proposed scheme uses fractional
frequency reuse (FFR)-based architecture to efficiently allocate the resources and mitigate
the interference between CUEs(conventional cellular user equipment) and D2D user
equipment (DUES)[1,2]. In 2013, Elbehery and et.al.,made a performance evaluative
study for Continuous Phase Modulation (CPM) aided Discrete Cosine Transform based
Single Carrier Frequency Division Multiple Access (DCT-SC-FDMA) system on image
transmission. The study ratified that such system outperformed as compared to
conventional QPSK based SC-FDMA system with achievement of higher Peak Signal to
Noise Ratio (PSNR) values [3].

In this present study, an effort has been made to observe the performance of DCT-
IFDMA SC-FDMA System on color image transmission.

2. Signal Processing Techniques

We assume that the color image is pre-processed through various schemes prior to
transmission through a 4x 4 MIMO fading channel. The received signal Yin terms of
channel matrix H, transmitted signal X and additive white Gaussian noise(AWGN) N
with a variance of o can be written as

Y=HX +N (1)

In our present study various signal processing schemes have been used. A brief overview
of these schemes is given below:

2.1. Zero-Forcing (ZF)
In Zero-Forcing (ZF) signal detection scheme, the ZF weight matrix is given by

Wy =(H "H )71H " 2
and the detected desired signal X, from the transmitting antenna is given by
XzF =WzpY )

2.2. Minimum Mean Square Error (MMSE)

In Minimum mean square error (MMSE) based signal detection scheme, the MMSE
weight matrix is given by

H 2, -1, H

Where ()" denotes the Hermitian transpose operation and the detected desired signal
X ymse from the transmitting antenna is given by

Xmmse = WvmseY (13)

2.3. Ordered Successive Interference Cancellation (OSIC)

In Ordered successive interference cancellation (OSIC) signal detection scheme, its
implementation is performed in four steps. In first step, the first detected signal/data

stream Xgg,c., and modified form of received signal Y o, _,; can be written as:

XOSIC—l = W(M MSE(l,:)Y (4)
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Yosici=Y— H(:,1)x03|c71
In second step, the second detected signal/data stream X g, and modified form of
received signal Yg,c_,Can be written as:

Xosic-2 = Wmmse2;) Yosic (5)

Yosic-2 = Yosic-1 —H,2 Xosic-2

In third step, the third detected signal/data stream X ,c_5 and modified form of received
signal Yqg 5 Can be written as:

Xosic-3 = W(MMSE(3,:)YOSIC—2 (6)

Yosic-3 = Yosic—2 ~H(,3Xosic-3

In fourth step, the fourth detected signal/data stream X g, and modified form of
received signal Yg,c_4Can be written as:

Xosic-4 = Wimmsea,) Yosic-3 (7

Yosic-4 = Yosic-s —H .4y Xosic-4

Where, W(MMSE(l,:) ,W(MMSE(Z,:), W(MMSE(g,,;)and W(MMSE@,;)are the ﬁrSt, Second, third and
fourth rows of MMSE weight matrix and H.1) H.2 H3) and H¢4 are the first, second,
third and fourth columns of the channel matrix respectively. The detected desired signal

Xosic € C74%9%% from the transmitting antenna is given by[2,4]

2.4. Repeat and Accumulate (RA)

In RA, a powerful modern error-correcting coding scheme, the extracted binary bits
from the color image is rearranged into blocks with each block containing 2048 binary
bits. The binary bits in each block is repeated 2 times and permuted by an interleaver of
length 4096. The interleaved binary data block z is passed through a truncated rate-1 two-
state convolutional encoder whose output X is the Repeat and Accumulate encoded
binary data and is given by x = zG, where G is an 4096 x 4096 matrix with 1s on and
above its main diagonal and Os elsewhere[5]. The RA encoded blocked binary data are
further processed to produce a 442368x 1 single column vector data.

2.5. Low Density Parity-check Matrix (LDPC)

In LDPC coding, % .-rated irregular LDPC code is used with a code length of 1024
bits. Its parity-check matrix [H] isa sparse matrix with a dimension of 512 x 1024
and contains only three 1’sin each column and six 1’sin each row. The parity-check
matrix [H] is formed from a concatenation of two matrices [A] and [P]([H]=[A]|[P]), each
has a dimension of 512 x 512). The columns of the parity-check matrix [H] is rearranged
to produce a new parity-check matrix [newH] With rearranged matrix elements, the
matrix [A] becomes non-singular and it is further processed to undergo LU
decomposition. The parity bits sequence [p] is considered to have been produced from
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a block  based input binary data sequence [u]=[u;U,U3U4....... us1o]" and three matrices
[P](of [newH]),[L] and [U]using the following Matlab notation :

p = mod(U\(L\z), 2);where, z = mod(P*u, 2);

The LDPC encoded 1024x 1 sized block based binary data sequence [c] is formulated
from concatenation of parity check bit p and information bit u as :

[c]=[p;u]

The first 512 bits of the codeword matrix [c] are the parity bits and the last 512 bits are
the information bits. In iterative Log Domain Sum-Product LDPC decoding Algorithm,
the transmitted bits are retrieved [6-7].

2.6. Minimum Mean Square Error Successive Interference Cancellation (MMSE-
SIC)

In Minimum mean square error successive interference cancellation (MMSE-SIC)
scheme, the extended channel matrix H and the extended received signal Y in terms

of identity and null matrices are given by

H

H = (Wo2)l (8)

V—Y 9
=0 9)

On QR decomposition of H , an orthogonal matrix 6 and upper triangular
matrix R are produced. Equation (9) is multiplied with Q"  to provide a modified

form of received signal Y with neglected noise component

Y=Q" Y=Q"HX =RX (10)

Considering a single time slot, the transmitted four signals il’iz’is and §4 in terms

of four received signals i i , 73 and ?1( First through Fourth rows of Y and

neglecting otherrow data) and the components of matrix R in first through fourth row)
can be obtained from a matrix equation as[8]:

ll ﬁll ﬁ1,2 ﬁ1,3 ﬁl 4
12 0 E2,2 E2,352,4 — -
pu— = X
Yl o 0 RyR, |2
— V — X2
v[enl=| =0 0 0 Ry | (1)
Ysilo 0 0 0 |%
Ye| |0 0 0 0 | X]
Y,| [0 0 0 o0
v, 0o 0 o
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2.7. 2-D Median Filtering

In 2-D Median Filtering scheme, a 3x3 neighborhood windowing mask is used for
simply sorting all the pixel values within the window and finding the median value
and replacing the original pixel value with the median value[9].

3. System Description

A RGB color image with 96 pixels (width) x96 pixels(height) is processed in a SC-
FDMA system depicted in Figure 1.The color image is converted into their respective
three Red, Green and Blue components with each component is of 96 pixels x96 pixels
in size The pixel integer values[0-255] are converted into 8 bits binary form and channel
coded and interleaved and digitally modulated using QAM and QPSK . The complex
symbols are blocked with each block consisting of 128 symbols. A 128 point discrete
cosine transformation (DCT) algorithm is applied to each block. An interleaved subcarrier
mapping scheme is applied to each block making the size of each block 512 viz. three
zeros are inserted between two consecutive symbols. On application of 512 point inverse
DCT, a transformed data of size 512x 1728 symbols. On cyclic prefixing, its size is
532x 1728 symbols. The data is multiplexed into 4 streams. The first stream consists of
data of 1st column, 5th column, 9th column and so on. The second stream consists of data
of 2nd column, 6th column, 10th column and so on. The third stream consists of data of
3rd column, 7th column, 11th column and so on. The fourth stream consists of data of 4th
column, 8th column, 12th column and so on. Eventually, data are transmitted from four
dual polarized antennas. In receiving end, transmitted signals are detected using various
signal detection techniques. The detected signals are demultiplexed with subsequent
cyclic prefix removing,512 point DCT transformed, subcarrier demapped, 128 point
inverse DCT transformed, demodulated, deinterleaved, channel decoded and eventually
retrival of color image is made [10-11].

Decomposition Integerto Digital 128-point

i intoi i Channel Interleavin,
Colorimage :> intoits R,G,B Binary i il g Modulation | pcr
components conversion

. . - spatial j L Signal
Subcarrier 512-point Cyclic patial T Detection
Mapping IDCT prefixing Multiplexing T
Spatial :> Cyclic prefix 512-point Subcarrier 128-point Digital
Demultiplexing removing DCT demapping E> IDCT :> Demodulation j !
Retrieved 2-D Binary to - -
. Median :: Integer <: Channel <: Deinterleaving
Colorimage Sy 8 decoding
Filtering conversion

Figure 1. Block Diagram of DCT-IFDMA SC-FDMA System

4. Result and Discussion

In this section, we have presented a series of simulation results to illustrate the
significant impact of system performance in terms of BER in a DCT-IFDMA SC-FDMA
System with simulation parameters tabulated in Table 1.
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Table 1. Summary of the Simulated Model Parameters

Data type Color image (96x96x3 pixels)
No of interleaved sub carrier mapped complex 512
symbols used in inverse DCT transformation
No of complex modulated symbols used in DCT 128
transformation
bandwidth spreading factor in IFDMA 4
Cyclic prefixing 20 symbols
Channel Coding Repeat and Accumulate Code and LDPC
LDPC decoding algorithm Log-domain sum product with 5 iterations
Antenna configuration with dual polarization 4x4
Data Modulation QPSK and QAM
Signal detection Scheme MMSE-SIC,0SIC, ZF and MMSE
Channel AWGN and Rayleigh fading
Signal to noise ratio, SNR 0to5dB

On critical observation of graphical illustrations presented in Figure 2 through Figure 5,
it is quite evident that the DCT-IFDMA SC-FDMA system shows comparatively
satisfactory performance with QAM digital modulation and Repeat and Accumulate
channel coding scheme over a significant part of SNR values. In all cases, the system
performance is well defined under scenario of implementing various signal detection,
digital modulation and channel coding and without utilization of 2-D median image
filtering schemes. In Figure 2 of MMSE-SIC signal detection implemented system , the
estimated BER values are 0.1707 and 0.0841 in a typically assumed SNR value of
1dB for QPSK digital modulation with LDPC channel coding as compared to QAM
digital modulation with Repeat and Accumulate channel coding which is indicative of
a system performance improvement of 3.07dB. In case of identical signal and noise
power( 0dB), the estimated BER value under utilization of MMSE-SIC, QAM and Repeat
and accumulate channel coding is merely 9.13% .In Figure 3 for OSIC implemented
system, it is observable that the system shows satisfactory performance in QAM with
Repeat and accumulate channel coding and worst performance in QPSK with LDPC
channel coding. Under such case, the estimated BER values at 1 dB SNR values are
found to be of 0.0889 and 0.1843 which ratifies a 3.17 dB system performance
improvement. At 10% BER, a SNR improvement of 1.25 dB is found in

T I T T
= DCT-TFDMA SC-FDMA + QAM+Repeat and Accumulate Code+MMSE-SIC
| DCT-TFDMA SC-FDMA + QPSK+Repeat and Accumulate Code+MMSE-SIC
018 = DCT-TFDMA SC-FDMA + QAM+LDPC+MMSE-SIC

DCT-TFDMA SC-FDMA + QPSK+LDPC+MMSE-SIC
0.16
0.14

o 012 \\
\
01 o,
0.08 A — o \ :
0.06 A ——— T,
]

0 0.5 1 15 2 25 3 35 4 45 5
Signal to Noise ratio(dB)

Figure 2. BER performance comparison of dual polarized DCT-IFDMA aided
SC-FDMA wireless communication system under various digital
modulations and MMSE-SIC signal detection scheme

44 Copyright © 2015 SERSC



International Journal of Signal Processing, Image Processing and Pattern Recognition
Vol.8, No.10 (2015)

QAM with LDPC as compared to QPSK with LDPC. In Figure 4 for ZF implemented

I I T T

DCT-TIFDMA SC-FDMA + QAM+Repeat and Accumulate Code+ZF
DCT-IFDMA SC-FDMA + QPSK+Repeat and Accumulate Code+ZF ||
DCT-IFDMA SC-FDMA + QAM+LDPC+ZF
DCT-IFDMA SC-FDMA + QPSK+LDPC+ZF

BER

Figure 3. BER performance comparison of DCT-IFDMA aided SC-FDMA
wireless communication system under various digital modulations and
OSIC signal detection scheme

System, it shows satisfactory performance in QAM with Repeat and accumulates channel
coding and worst performance in QPSK with LDPC channel coding. In such case, the
estimated BER values are 0.1449 and 0.2608 for a typically assumed SNR value of 1dB
which indicates a system performance improvement of 2.55dB.In Figure 5 for MMSE
implemented system, it is noticeable that the system shows satisfactory performance in

0.22

T T T T
s DCT-IFDMA SC-FDMA + QAM+Repeat and Accumulate Code+OSIC
DCT-IFDMA SC-FDMA + QPSK-+Repeat and Accumulate Code+OSIC
== DCT-IFDMA SC-FDMA + QAM+LDPC+OSIC
DCT-IFDMA SC-FDMA + QPSK+LDPC+0OSIC

02 e

- | | | \ \ | \ \
0 05 1 15 2 25 3 35 4 45 5
Signal to Noise ratio(dB)

Figure 4. BER performance comparison of DCT-IFDMA aided SC-FDMA
wireless communication system under various digital modulations and ZF
signal detection scheme
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QAM with Repeat and accumulate channel coding and worst performance in QPSK with
LDPC channel coding. The estimated BER values are 0.0849 and 0.1721 for a typically
assumed SNR value of 1dB which indicates a system performance improvement of
3.07dB. On careful analysis of all presented simulation results, the simulated system is
found to have shown most satisfactory performance in specific case of utilizing MMSE-
SIC signal detection, Repeat & Accumulate channel coding and QAM digital modulation.
In Figure 6, the transmitted and retrieved color images have been presented with
implementation of MMSE-SIC signal detection, QAM digital modulation, Repeat and
Accumulate channel coding and 2-D median image filtering.

02

; r \ \
= DCT-IFDMA SC-FDMA + QAM+Repeat and Accumulate Code+MMSE
: ‘ ; ‘ i | = DCT-IFDMA SC-FDMA + QPSK+Repeat and Accumulate Code+MMSE
A8 | e b | e CT-IFDMA SC-FDMA + QAMSLDPC+MMSE
‘ ; | | : DCT-IFDMA SC-FDMA + QPSK+LDPC+MMSE

05 1 15 2 25 3 35 4 45 5
Signal to Noise ratio{dB)

Figure 5. BER performance comparison of DCT-IFDMA aided SC-FDMA
wireless communication system under various digital modulations and
MMSE signal detection scheme

Transmitted image Retrieved image

Figure 6. Performance indicator of DCT-IFDMA aided SC-FDMA wireless
communication system under implementation of MMSE-SIC signal
detection, QAM digital modulation and 2-D median image filtering for a
typical image at SNR value of 5dB

5. Conclusions

In this paper, the performance of DCT-IFDMA aided SC-FDMA wireless
communication system has been investigated on color image transmission using various
signal detection and FEC channel encoded schemes .The results show that the
implementation of MMSE-SIC signal detection scheme with Repeat and Accumulate
channel coding and QAM digital modulation ratifies the robustness of system
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performance in retrieving color image transmitted over Gaussian noise contaminated
and Rayleigh fading channels. Such system can be utilized for other form of data
transmission in hostile fading channels where induced noise with power is comparable
with signal power.
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