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Abstract—Nowadays, the alternative for OFDM that is called
as OWDM system have been studied. It replaces Fast Fourier
Transformation with Wavelet Transformation. Wavelet
transformation has more advantages such as flexibility, low
complexity and given low energy consumption. High value of
PAPR in OFDM system can decrease performance of system.
PAPR is one of important parameter that related with hardware
implementation such as power amplifier. In this paper, the
performance and PAPR value for both of the system is
compared. Simulation result shows that the performance of
OWDM system with wavelet packet transformation is better than
OFDM system. PAPR Simulation results of OWDM system give
+0.4 dB smaller than OFDM system.

Keywords—OFDM, OWDM, PAPR

L

Orthogonal Frequency Division Multiplexing (OFDM) is a
multicarrier technique that had been used at many wireless
communication technologies such as digital television, cellular
technology etc. OFDM system is the multicarrier technique
than can mitigate frequency selective fading in multipath
channel communication and also can reduce Inter Symbol
Interference (ISI). Recently, the alternative of this system have
been studied such as the using of wavelet packet modulation
that give the flexibility and low complexity [1][2] [3] [4][5].
Wavelet Packet Modulation overcome the problem of using
Cyclic Prefix (CP) in OFDM system and produce the
efficiency of bandwidth [6][7]. Wavelet modulation can be an
alternative for OFDM system as it inherits low energy
consumption [8]. The previous research about comparison of
Orthogonal Wavelet Division Multiplexing System between
Wavelet Packet Transform and Discrete Wavelet Transform
[9] that showed better performance of OWDM system if using
Wavelet Discrete Transformation. However, the number of
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discrete wavelet transform sub-bands cannot be as large as
wavelet packet transform.

In the wireless communication system, the transmission
signal will be damaged due to fading, this condition cause
lower performance of the system. Multi Input Multi Output
(MIMO) is a technique that uses multi antennas at transmitter
and receiver sides. The increasing demand for data rates and
the quality of wireless communication system services support
to produce new techniques to improve energy efficiency and
secure using MIMO Beamforming [10].

Beamforming is the process of forming a beam toward the
desired user by suppressing the signal from the other direction.
The beam formation in the direction of the desired signal can
be accomplished by giving an adaptive weighting to the
antenna elements in both the receiving and transmitting
systems.

II. LITTERATURE

A. Multi Input Multi Output (MIMO)

In wireless communication system, the transmission signal
will be damaged due to fading, thus it will reduce the
performance of the system. On the other hand, the increasing
demand for data rates and the quality of wireless
communication system services support the new techniques to
improve spectral efficiency and channel quality. This can be
achieved using multiple antennas on both sides of the
transmitter and receiver as shown in Figure 1, and this
technique is known as MIMO (Multi Input Multi Output).
There are two things that are actually given by MIMO system
that is multiplexing gain and diversity gain. MIMO has been
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use at wireless technology such as Long Term Evolution at
cellular communication.
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Fig. 1. MIMO System

MIMO (Multiple Input Multiple Output) is a channel
formed when diversity technique on the sender and antenna
receiver antenna is applied. Each of transmitter antenna will
transmit information signal which will be accepted by all
receiver antenna. Using the signal coupling technique on the
receiver side will result in a higher SNR value that improves
the quality of information signal reception.

B. Orthogonal Frequency Division Multiplexing(OFDM)

Orthogonal wavelet Division Multiplexing (OWDM) is an
alternative multicarrier technique of Orthogonal Frequency
Division Multiplexing (OFDM). OWDM in a communication
system consists of a signal synthesis process in the form of a
bank filter with multiple inputs and one output on the
transmitter. Each input is a sub-symbol of super-symbol as the
output of the modulation scheme. While the output is an
OWDM signal that represents super-symbol. The synthesis
process generates the OWDM signal as a combination of the
weighted OWDM pulses. Each weighted OWDM pulse is a
representation of the symbol. In the receiver the process of
signal analysis using a bank filter, with one input and multiple
output.

C. Wavelet Packet Modulation

OWDM using wavelet packet can be defined as an
FIR filter and can be implemented on various types of
wavelets. In the reverse wavelet transformation process occurs
reconstruction / synthesis form of a signal as the sum of the
waveform. This waveform can be constructed with a
sequential iteration for each consisting of filtering and up-
sampling.

(Dj,Zm [k] = <h/’:" [k], ¢j—l,m [k/2]>

, )
@ amalk]= (i [k] @, [k 72])
1 k=1
with ¢0’m[k]= 0 others

Where j is the iteration index or level, and m is waveform
index at the range 0O<ms<M-1. In the transformation of
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advanced wavelet packets occurs decomposition process,
performed operations in reverse with the filtering process and
down-sampling. For the full picture can be seen in Figure 2.
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Fig. 2. Decomposition and Reconstruction Process of Wavelet Packet
Transform

In orthogonal wavelet systems, filter scaling /4, and

shifting /,;° of the same filter pair. Therefore knowledge of

filter scaling and wavelet tree depth is sufficient to design
wavelet transforms and orthogonal WPT applications. In
communication theory, this can be equated in the use of a
matched filter to detect the sent waveform.

Special wave formation through WPT is more than the
size of the transformation. Therefore, OWDM using wavelet
packets including families of overlapping mutations, the
beginning of the new symbol is sent before the previous
symbol ends. The waveform undergoes a mutually orthogonal
shift. Ortogonality between symbols will remain intact even if
the overlapping symbols are overlaps. This will provide an
increased advantage of domain frequency domainization
provided with many waveforms. Wavelength can be obtained
from a tree algorithm analysis. The length of the wavelet filter
yields M waveforms can be interpreted and is described in the
following equation:

L=(M-1)\L,-1)+1 @)

In Daubechie's wavelet family with a length equal to
twice the vanishing order. For order 2 Daubechie wavelet is
equal to 4 and if there are 32 subcarier WPT, then obtained
waveform with length equal to 94. Characteristic data of each
wavelet can be seen in table 1.

TABLE 1. CHARATERISTIC OF WAVELET FAMILY
Klnt‘:lNc;fvl\el:::her Abbreviate Vag:::Lng Length
Haar Haar 1 2
Daubechie dbN N 2N
Symlets SymN N 2N
Coiflet CoifN N 6N




D. Beamforming

In wireless communication, signal from desired user
and interferer signal often occupies the same frequency band.
Beamforming is the process of forming a beam toward desired
user by suppressing signal from other direction. Thus,
beamforming can be said to be a spatial filtering signal. The
formation of the beam in the direction of the desired signal can
be done by giving an adaptive weighting to the antenna
elements in the receiving and the transmitter system.

If equation of Mean Square Error is written as:

J = Ed(n)- y(n)’]
where E [] is the average and output of beamforming is
y(n) = wa(n) @)

Gradient of Minimum Mean Square Error (MMSE) is zero, so
the optimum weighting of MMSE is

)

Wy = Rlr, (5)
where R =E [x(n)x(n)H] (6)

is value of matrix correlation of beamforming input signal
x(n)

o = Elx(n)d" (n)] ™
Equation 7 is value of cross correlation between desired signal

and beamforming input signal. It is pilot signal of reference

signal that is inserted at transmission signal.

III. SYSTEM MODEL AND SIMULATION RESULT
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Fig. 3. Transmitter Blok of MIMO Beamforming using Wavelet Packet
Modulation
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Fig. 4. Receiver Blok of MIMO Beamforming using Wavelet Packet
Modulation

Transmitter and receiver block are consists of:

e Block of Data Generator is used to produce bits with
uniform distribution.
Convolutional Encoder is used to correct error
receive data that is caused by channel. Value of code
rate using ', with generator polynomial go = 1715 ,g;
= 133z and constraint length (K)= 7.
Interleaver block is designed to spread the sequence
pattern of bits so that the effect of the burst error does
not cause a sequential error pattern before entering
the decoder.
Mapper of this system is used to Form binary into
data symbols in accordance with the constellation of
the symbol. The signal mapper used in the
configuration of this research is Quadrature Phase
Shift Keying (QPSK) whose constellation mapping is
based on gray code.
Serial to Parallel converter is used to change the
serial data into parallel data by changing the matrix
size from row to column.
Inverse Wavelet Packet Transform is used to convert
the output complex symbols of QPSK into OWDM
symbols. This domain alteration is performed using
the inverse transformation technique of the Wavelet
Packet Transform using a filter bank that having the
same size for each QPSK symbol.
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Fig. 5. Diagram block of Inverse Wavelet Packet Transform

The Space-Time Block Codes transmission method
matches Alamouti code for both of transmitting
antennas and receiving antennas. After modulation
process, data will be transmitted on two different
antennas.
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The weighting vector is recursively determined by
the following equation:

W(n + 1) = w(n)+ ,ux(n)* e(n) (8)
e(n) = d(n) —w,x(n) ©)
In the equation above, p is the step-size that
determines the system convergence of the adaptive
algorithm. The requirement of LMS algorithm is
know the transmitting signal. This is accomplished
by sending several pilot signals or periodic training
signals that are known in the receiving system.

Space Time Block Code (STBC) decoder and
Channel estimation. The channel estimation is
performed to determine the channel response that
occurs during the transmitted signal from the
transmitter to the receiver. The path to be estimated
consists of h;; which is the channel response of the
passing channel path between Tx; and Rxi, hi
between Tx, and Rxj, hy; between Tx; and Rx; and
ho, between Tx» and Rxo.

Wavelet Packet Transform (WPT) is the kind of
wavelet transform which is more of comprehensive
sub-band division. In the sense that in wavelet

transform only give iteration at low pass branch,
whereas in iteration of wavelet packet transform done
both of high and low pass so it produce more sub-
band with high resolution.

e The working principle of the Viterbi decoder is based
on the principle of maximum likelihood decoding and
the knowledge of the trellis diagram on the
convolutional encoder at the sender.

So

St

Fig. 6. STBC Transmission Pattern

e Add pilot block is using for the channel estimation
process, an “experimental” signal, called a pilot
signal, is known by the transmitter and receiver.

e Adaptive algorithm used Least Mean Square (LMS).
This algorithm will determine the continuing
weighted vector until get the most optimum weighted
value resulting in a minimum error between the
reference pilot and the pilot receiving of estimation
result.

Adaptive Algorithm

Fig. 7. Diagram block of adaptif filter

978-1-5386-2373-2/17/$31.00 ©2017 IEEE 109



The 2017 IEEE Asia Pacific Conference on Wireless and Mobile (APWiMob)

IV. SIMULATION RESULT AND ANALISYS

A. BER Vs SNR Simulation of MIMO OFDM Beamforming
and MIMO OWDM Beamforming at Fading Rayleigh
Channel

Graph of BER Vs SNR
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Fig. 8. Graph of Simulation BER Vs SNR over rayleigh channel

This simulation using 256 sub-bands/sub-carriers, QPSK
Mapper with gray code, user velocity 10 km/hour, degree of
arrival = 1/3*pi and u=0.01. Figure 8 shows the comparison of
SNR value for BER 103, SNR of MIMO OWDM
Beamforming system is 10 dB while = 11 dB for MIMO
OFDM Beamforming. The value of SNR between two system
is doesn’t much different.
This is because the similarity of orthogonality and bandwidth
division of OFDM and Wavelet Packet Modulation system. In
OFDM the orthogonality of subcarrier give the bandwidth
efficiency and mitigate the frequency selective fading because
each of subcarrier have the coherence bandwidth > signal
bandwidth. In the OWDM system, the using of orthogonal sub-
band principle will produce sub-carriers that are orthogonal to
each other.

B. BER Vs SNR Simulation of MIMO OFDM Beamforming

and MIMO OWDM Beamforming at Fading Rayleigh
Channel with variation of user velocity
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Fig. 9. Graph of Simulation BER Vs SNR with variation of user velocity

The simulation resulted that for the higher user velocity
give the poor performance of both of system and affects larger
of Doppler shift. The greater of Doppler shift caused required
bandwidth will be wider too. From figure 9, SNR of MIMO
OWDM Beamforming system with user velocity 10 km/hour is
+10 dB while + 11 dB for MIMO OFDM Beamforming.

C. PAPR Simulation of MIMO OFDM Beamforming and
MIMO OWDM Beamforming at Fading Rayleigh Channel
with variotion of user velocity

. PAPR Graph of MIMO OFDM Beamforming Vs MIMO OWDNM Beamfoming using Wavelet Packet Modulation
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Fig. 10. Graph of PAPR Simulation Ratio between MIMO OFDM
Beamforming and MIMO OWDM Beamforming

Figure 10 shows that the OWDM system is lower = 0.4 dB
compared to using Orthogonal Frequency Division
Multiplexing system. It is the effect of many symbols with
coherent phases of OFDM. So that the PAPR value is also
becomes enlarged.
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V. CONCLUSION
The performance of MIMO OWDM Beamforming

System using Wavelet Packet Transformation is better than
MIMO OFDM Beamforming. Comparison of SNR value for
BER 10”3, SNR of MIMO OWDM Beamforming system is
+10 dB while £ 11 dB for MIMO OFDM Beamforming.
Furthermore, the using of wavelet packet transformation in
OWDM system give the smaller PAPR value if compare with
OFDM system with difference about + 0.4 dB.
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