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ABSTRACT

Orthogonal Frequency Division Multiplexing (OFDM) is

multipath reception, by dividing the wideband channel i

ISI due to multipath, successive OFDM symbols are sgParated by guard band.

system resistant to multi-path effects. This paper deg@ribes im i

system using Matlab software Simulink. In this appro i e effectively used to
develop an OFDM system including transmitter, receiver and an AWGN channel. The graphical
environment of Simulink enables the creation of sophisticated algorithmsgfhe results are obtained by
using MATLAB code and simulation.
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1. INTRODUCTI

t error robustness in a multipath environment and hence has
been chosen generation broadband wireless local area network (WLAN)
standards like j
(DVB-T).OFDM isW@ special case of multicarrier data transmission technique in which a
single data stream4s transmitted over multiple subcarriers of narrow bands. The subcarriers
are closely spaced and are modulated with low data rates. These subcarriers are orthogonal to
each other.

Due to rapid increase in the transistor density, it is better to keep the functionality
completely in a programmable Digital Signal Processor (DSP) which allows for much faster
changes and upgrades. OFDM needs to compute several hundred or thousand points of Fast
Fourier Transforms (FFT) within a few tens of microseconds in order to achieve high speed
data transmission in narrow bands.

INTERNATIONAL JOURNAL OF INNOVATIONS IN APPLIED SCIENCES AND
ENGINEERING




International Journal of Innovations in Applied Sciences &Engineering  http://www.ijiase.com

(WIASE) 2016, Vol. No. 2, Jan-Dec e-1SSN: 2454-9258, p-1SSN: 2454-809X

2. IMPLEMENTATION

The design approach that the real time implementation of system will follow. Here,
the first block shows the signal processing description that is we will begin with a concept of
what should be programmed. The next step is to model the concept with blocks from
Simulink’s large collection of prewritten block sets. Basically, a block diagram that models
the concept is built using Simulink. If a specific block required is not included in Simulink’s
block sets, we may choose to write the own blocks from scratch using Matlab.

3. OFDM SYSTEM

appropriately choosing the frequency spacing
simultaneous transmission on a lot of sub-c
interference from each other. The block diagra
random data generator generates a bit stream. T rocessed using the 16-
QAM modulator to map the data into complex signals. These symbg@¥s are passed to an IFFT
block to perform the IFFT operati@meand the time donain si are obtained. The time

finally passed throlf de
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Fig 3.1: Block diagram of OFDM system

MODULATION: The input data stream is converted into N parallel data streams through a
serial-to-parallel port. The duration of the data is elongated by N times. The data to be

transmitted on each carrier is then differential encoded with previous symbols, then mapped
2
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into a Phase Shift Keying (PSK) format. Since differential encoding requires an initial phase
reference an extra symbol is added at the start for this purpose. The data on each symbol is
then mapped to a phase angle based on the modulation method. For example, for QPSK the
phase angles used are 0, 90, 180, and 270 degrees. The use of phase shift keying produces a
constant amplitude signal and was chosen for its simplicity and to reduce problems with
amplitude fluctuations due to fading.

SERIAL TO PARALLEL CONVERSION: The input serial data stream is formatted into
the word size required for transmission, e.g. 2 bits/word for QPSK, and shifted into a parallel
format. The data is the transmitted in parallel by assigning each d rd to one carrier in
the transmission.

FFT: The frequency division multiplexed signal illustrates

terférence (I1SI) caused
and low-pass filtered

a reasonable price, that has permitted OFDM to be
ansforming from the time domain representation

rm. The guard period is then added to the start of each symbol.

iscrete Fourier transform (DFT) of vector X, computed with a
fast Fourier tra (FFT) algorithm. If X is a matrix, ifft returns the inverse DFT of each
column of the mat Tt tests X to see whether vectors in X along the active dimension are
conjugate symmetwC. If so, the computation is faster and the output is real. An N-element
vector x is conjugate symmetric if x(i) = conj(x(mod(N-i+1,N)+1)) for each element of x. If
X is a multidimensional array, ifft operates on the first non-singleton dimension.

CYCLIC PREFIX: In wireless channel, due to multipath propagation and fading the
broadening of symbol occurs. The broadening of the symbols causes the interference of one
symbol with the next symbol. This is called as inter symbol interference (ISI). Due to ISI the
start of the symbol will be lost. To avoid the inter symbol interference (ISI) and inter carrier
interference, cyclic extensions (cyclic prefix, cyclic postfix) are used. Normally cyclic prefix
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is used. Cyclic prefix is the addition of a part of the tail of OFDM symbol at the start of the
OFDM symbol. The OFDM cyclic prefix is quite straight forward. The cyclic prefix is
created so that each OFDM symbol is preceded by a copy of the end part of that same
symbol. Different OFDM cyclic prefix lengths are available in various systems.

DEMODULATON: At the receiver, the received signal is down-converted to form a base-
band signal. Then, low-pass filters and de-subcarriers are applied to separate subcarrier
waveforms. Orthogonality of sub-carriers will ensure that only the targeted subcarrier
waveform will be preserved in each sub-band. Ideally, the final detgected symbols will be
identical to those transmitted.

4. OFDM SIMULATION

The OFDM model has been developed in Sim
fig 4.1 The blocks included in this model are
Converter, Bit to integer converter, general 16 evel QAM modulator,
obtaining complex conjugate, IFFT (Inverse F i m),
Transform), frame status conversion, general 16 le
to observe the simulation results.

Geners 1 ¢=E'-J= o F,;;E FFT
2AM §
FFT

Meth Frame Comversion
General QAM Functiont t
Demaodulator ar.

Terminator

Fig4.1: simulink model of complete ofdm system
SIMULATION:

RANDOM INTEGER: The Random Integer Generator block generates uniformly
distributed random integers in the range [0, M-1], where M is the M-ary number defined in
the dialog box. The M-ary number can be either a scalar or a vector. If it is a scalar, then all
output random variables are independent and identically distributed (i.i.d.). If the M-ary
number is a vector, then its length must equal the length of the Initial seed; in this case each
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output has its own output range. If the Initial seed parameter is a constant, then the resulting
noise is repeatable.

The output signal can be a frame-based matrix, a sample-based row or column vector, or a
sample-based one-dimensional array. These attributes are controlled by the Frame-based
outputs, Samples per frame, and Interpret vector parameters as 1-D parameters. The number
of elements in the Initial seed parameter becomes the number of columns in a frame-based
output or the number of elements in a sample-based vector output. Also, the shape (row or
column) of the Initial seed parameter becomes the shape of a sample-based two-dimensional
output signal.

INTEGER TO BIT CONVERTER: The Integer to Bit Conveg®r block maps each integer

each integer value (or stored integer when a fixed point i
using the selection for the Output bit order to determin

Number of bits per integer and Treat input value input values
must be between 0 and 2™-1. If M is the Numbe i input values as
is set to Signed, then the block maps each group

M1,

BIT TO INTEGER CONVERTER

in the input vector to integers in the o

of bits per integer, then t
g 1/M timé€s the input vector length. For signed
ger , then the block maps each group of M bits to

the input frame status, the block treats each column of an M-
hannel of data with M consecutive samples. The block plots

PORT SELECT: JFhe Input Port block is a connecting port from the Simulink, or
mathematical, part of the model to an RF physical part of the model. The Input Port block lets
you provide the parameter data needed to calculate the modeling frequencies and the
baseband-equivalent impulse response for the physical subsystem. It also lets you specify
information about how to interpret the incoming Simulink signal. For more information about
how the Input Port block converts the mathematical Simulink signals to RF Block set
physical modeling environment signals. When you set the Select parameter to Rows, the
block uses the one-dimensional indices you specify to select matrix rows, and all elements on
the chosen rows are included.
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QAM: The first QAM-related so-called orthogonal frequency division multiplexing (OFDM)
scheme was proposed by Chang in 1966 [142] for dispersive fading channels, which has also
undergone a dramatic evolution due to the efforts of Weinstein, Peled, Ruiz, Hirosaki, Kolb,
Cimini, Sch”ussler, Preuss, R"uckriem, Kalet et al. OFDM was standardised as the European
digital audio broadcast (DAB) as well as digital video broadcast (DVB) scheme. These
OFDM systems - often also termed as frequency division multiplexing (FDM) or multi-tone
systems - have been employed in military applications since the 1960s, for example by Bello,
Zimmerman, Powers and Zimmerman, Chang and Gibby and othegs. Saltzberg studied a
multi-carrier system employing orthogonal time—staggered quadra amplitude modulation
(O-QAM) of the carriers.

parameter, which can be either Frame-based or S
also be inherited from the signal at the Ref (refe
selecting the Inherit output sampling mode from

communication ms, The thermal noise in the receivers can be characterized as an
additive white Ga n process. Although there are other factors inducing channel noise,
such as antenna temperature, receiver filter, and multipath fading, only multipath fading. The
AWGN Channel block adds white Gaussian noise to a real or complex input signal. When
the input signal is real, this block adds real Gaussian noise and produces a real output signal.
When the input signal is complex, this block adds complex Gaussian noise and produces a
complex output signal. This block inherits its sample time from the input signal.

Math function: All supported modes accept both real and complex inputs, except for
reciprocal, sqrt, and 1/sgrt, which do not accept complex fixed-point inputs. Also, sgrt and
1/sgrt do not accept fixed-point inputs that are negative or have nontrivial slope and nonzero
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bias. The block output is real or complex, depending on what you select for Output signal
type. For 1/sqrt, the output is always real and you cannot change the setting for Output signal

type.

Vector concatenation: The Concatenate block concatenates the signals at its inputs to create
an output signal whose elements reside in contiguous locations in memory. This block
operates in either vector or multidimensional array concatenation mode, depending on the
setting of its Mode parameter. In either case, the block concatenates the inputs from the top to
bottom, or left to right, input ports. In vector mode, all input signals mast be either vectors or
row vectors [1xM matrices] or column vectors [Mx1 matrices] or, ination of vectors

ctors. The output

blocks avoids warning messages. The Terminat mplex signals of
any data type supported by Simulink software, in [ t and enumerated data

types.
5. RESULTS

The simulation results for R arg e below figures

Fig5.1: Originwe Fig5.2: Recovered message

Scuo sl
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Fig5.3: Scatter plot Fig5.4: OFDM transmitted signal

Fig5.5: Received OFDM signal

Simulink Results

Fig5.6: OFDM trghsmitte al e ‘
Fig5.7: OFDM received signal

Fig5.8: specm{;um of OFDM signal Fig5.9: simulation results for simulink
model of OFDM system
6. CONCLUSION

In this paper we introduced the simulation and implementation of a complete OFDM
SYSTEM through a graphical programming language, Simulink. Making use of graphical
environment in the simulation and implementation stages, the designer’s mind is dedicated
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most of the time in developing and enhancing the algorithm and less time on coding.
Moreover using a graphical programming language makes the algorithm very clear and can
be easily modified and debugged.
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