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Abstract:

Ultra-Wideband (UWB) system has been popularized as a technology for short-range,
high data rate communication. Orthogonal Frequency Division Multiplexing OFDM
approach for UWB provides unique advantages in short high data rate wireless
applications in case of reducing the effect of multipath. This paper studies the Framelet
based Ultra-Wideband (UWB) System. In Framelet based UWB, Framelet transform is
used for multicarrier modulation in OFDM instead of the conventional fast Fourier
transform. For the Framelet based system, due to the elimination of the cyclic prefix, an
effective time domain equalizer must be used in order to reduce the effect of Inter-
Symbol Interference (ISI). On the other hand, with the use of MMSE equalizer,
Framelet-UWB system shows better performance than FFT-UWB with the same type of
equalizer. Finally, spreading codes are used with the proposed system for multiple
access of the channel by different users as similar to multicarrier-CDMA. The
simulation was carried using MATLAB software package.

Index Terms: UWB, OFDM, FFT, Wavelet, Framelet, MMSE Equalizer, CDMA.
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Introduction:

Ultra-Wideband (UWB) system is defined as any radio system that has a bandwidth
larger than 20% of its center frequency, or has a bandwidth equal to or larger than 500-MHz.
Due for its large bandwidth, wireless communications with high data rate (e.g., 400 Mbps or
higher ) can be formed. Currently, available industrial standards such as IEEE 802.15.3a for
high data rate based on UWB technology have been introduced [1].

There are two main proposals for this standard: a frequency-hopping orthogonal
frequency-division multiplexing (OFDM) proposal known as Multiband OFDM, and a code-
division multiple access (CDMA) based technique proposal known as direct- sequence UWB
(DS-UWB) [2].

Conventional OFDM system wuses the IFFT/FFT as a multi-carrier
modulation/demodulation solution. An alternative approach is the use of IDWT/DWT
(inverse discrete wavelet transform/discrete wavelet transform). The ideal behind that is using
wavelet signals as a sub-carrier element instead of the complex exponential used in
conventional system [3-8].

Before being studied as a modulation technique, wavelets have been well known for
its potential in signal and image processing, image compression and so on [3]. Similar to
wavelet transform, framelet transform has been used in signal and image analysis, and it was
able to overcome some drawbacks associated with wavelets. In this paper the possibility of
using framelet transform is studied in implementing multi-carrier system.

Previous works had applied the discrete wavelet transform for multicarrier modulation
and it was seem to bring some advantages over the conventional FFT based system in specific
conditions [4-8].

FFT based OFDM for UWB System:

The OFDM approach to UWB meets the “500-MHz bandwidth” requirement by using 128
sub-carriers that are modulated with a Quadrature Phase Shift Keying (QPSK) constellation.
The composite signal occupies a 528-MHz wide channel. The OFDM carriers are efficiently
generated using digital Fast Fourier Transform (FFT) techniques. The OFDM composite
signal persists on a channel for the information length of 242.42 ns plus the 60.61-ns cyclic
prefix time [1, 2].

The OFDM approach to UWB is shown in Figure (1). The input data stream is modulated by
a QPSK modulator resulting in a complex symbol X. This symbol stream is passed through a
serial to- parallel converter, whose output is a set of N parallel QPSK symbols corresponding
to the symbols transmitted over each of the subcarriers. Thus, the N symbols output from the
serial-to-parallel converter are the discrete frequency components of OFDM output signal
s(¢). In order to generate s(¢), therefore a conversion of these frequency components into time
samples is needed. An inverse DFT is performed on these N symbols, which is efficiently

implemented using the IFFT algorithm. The IFFT yields a set of parallel outputs {x,, . . .,

X1/, Where
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After that, a cyclic prefix is added to each OFDM symbol and then transmitted through the
channel. At the receiver, the whole process is reversed. The main task performed by the
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receiver is taking the Fast Fourier Transform (FFT) for the data which represents the
multicarrier demodulation stage to recover the data X, that is:
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Fig. (1) Block diagram of FFT based OFDM system|3]

Framelet Transform :

Framelet is very similar to wavelets but has some important differences. Framelet has
two or more high frequency filter banks, which produce more subbands in decomposition.
This can achieve better time-frequency localization ability in signal processing. Moreover,
Framelet is more robust. There is redundancy between the Framelet subbands, which means
change in coefficients of one band can be compensated by other subbands coefficients. This
can help in improving the imperceptibility of the watermark [9].

Framelet breaks out the restriction of orthogonality, and there are correlations between
the Framelet filters. After Framelet decomposition, the coefficients in one subband have
correlation with coefficients in other subband. This means that changes in one coefficient can
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be compensated by its related coefficients in reconstruction stage, which produces less noise
in the original signal. This characteristic is very helpful for some applications [10].

a) Framelet Filter Bank

To construct a framelet with FIR filters the oversampled filter bank shown in Figure (2) will
be used. The filter /15 (1) will be a low-pass (scaling) filter, while /15 (1) and i, (1) will
both be high-pass (wavelet) filters. To develop the perfect reconstruction conditions, the
standard multirate identities are used to write ¥ (Z) in terms of X'(z)[9].

Y(z2) =;%[Hc.(z)H.:('l/z) + H,(2)H,(1/z) + H,(2)H,(1/2)]X(2) +
~[Ho(DHo(=1/2) + Hi@2)H, (= 1/2) + H,(DH,(-1/D]X(-2)  (3)

)
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Fig. (2) Framelet filter bank

For perfect reconstruction, ¥ (z) = X(z), it is necessary that [9]
Hy(z)H,(1/z) + H,(2)H,(1/z) + H,(2)H,(1/2) = 2, (4)
Hy(z)H,(—1/2) + Hi(2)H,(-1/2) + H,(2)H,(—-1/2z) =0, (5)

b) The Scaling and Wavelet Functions
To develop a framelet, the three-channel filter bank will be used that corresponds to a low

pass frame based on a single scaling function ¢ (t) and two distinct high pass ¢, (t) and
Y (t). Following the theory of dyadic wavelet bases, the scaling space 1’; and the wavelet

spaces W ; are defined as [9, 10]

v, = Span{e(2/t —n)} (6)
w,, = Span{y, (27t —n)}, i=12. (7)
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Following  the  multiresolution  framework, the  signal spaces can  be
nested: g © 13, W, 5 © 13, W5 5 © V.. It follows that @, 1)y, 1> satisfy the scaling and

wavelet equations as

e(t) = x-EZ ho(n)e(2t —n) (8)

W, (t) =v ZZ h(ne(2t—n), i=1.2. (9)

The low pass function rﬁ(f) and the high pass 1, (t),1, (t) are defined through these
equations by the low-pass filter /1, (71) and the two high-pass filters 11, (1) and i1, (1)[9].

Framelet Based UWB System :

In this system, the Framelet transform will be used instead of the FFT. The incoming
data are modulated by QPSK modulator then pass through serial to parallel converter, then
the parallel sub-channels obtained are synthesized to a single channel by inverse Framelet
transform and the resulting signal is transmitted through the channel. At the receiver, the
whole process is reversed to recover the transmitted data. Figure (3) shows the block diagram
of the proposed system. Inverse Framelet Transform (IFT) can be used as modulating each
input channel with a framelet carrier at the transmitter, while the direct transform in the
receiver can be used as a demodulating the received signal by a set of framelet at the receiver.
Figure (4) shows the simulation flow chart for this system.
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Fig. (3) Block diagram of the proposed Framelet based OFDM system for UWB channel
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Fig. (4) Simulation flowchart.
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Performance of UWB System in Multipath Channel :

In this section the systems FFT-UWB, DWT-UWB, Discrete Wavelet Packet
Transform (DWPT)-UWB and Framelet-UWB) are compared in multipath channel

environment in terms of BER versus E}, /N, in UWB Channel Model 1 (CM1), CM2, CM3

and CM4.
CM1 describes a LOS (line of sight) scenario with a separation between transmitter

(Ty) and receiver (R ) of less than 4m. CM2 describes the same range, but for a non-LOS

situation. CM3 describes a non-LOS scenario for distances between Ty and R, 4-10m.
Finally, scenario 4 describes an environment with strong delay dispersion, resulting in a delay
spread of 25ns. The detailed description of these scenarios is given in [11].

Due to the fact that wavelet and framelet OFDM symbols overlapped in time, cyclic
prefix can't be inserted between two OFDM symbols.

For this reason, a complicated time domain equalizer should be used in order to
reduce the effect of ISI. Table (1) shows the simulation parameters, while figures (5-8) show
the bit error rate (BER) vs. energy per bit to noise power spectral density (E;, /N, ) for the

four channel model.

Table (1). Simulation parameters used in this paper.

FFT-UWB | DWT-UWB | DWPT-UWB | Framelet-UWB
Modulation QPSK
Number: of 128
subcarriers
Cyclic Prefix Yes ‘ No ‘ No ‘ No
Equalizer 4-Tap MMSE Equalizer
Channel CM1, CM2, CM3, CM4
Data rate 480 Mbps
Channel spacing 528 MHz

In Figure (5) for CM1, Framelet-UWB reaches BER of 107> at E, /N, = 11 dB
while DWPT-UWB, DWT-UWB and FFT-UWB reach BER of 107> at E, /N, equal

to 12 dB, 12.5dB and 15 dE respectively. This is attributed to the fact that the

subcarrier element used in framelet system is more robust in multipath channels than the
other systems due to its longer symbol time, so it can reduce the effect of the inter symbol
interference (ISI) on the system performance.
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Fig. (5) BER performance of different UWB systems in CM1.
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Fig. (6) BER performance of different UWB systems in CM2.
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Fig. (7) BER performance of different UWB systems in CM3.
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Fig. (8) BER performance of different UWB systems in CM4.
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On the other hand, in Figure (6) for CM2, Framelet-UWB needs an
E,/N, = 12.7 dB to reaches BER of 107> while DWPT-UWB, DWT-UWB and FFT-

UWB reach BER of 107° at E, /N, equal to 13.2dB, 13.8dB and 16.5dB
respectively.
While in Figure (7) for CM3, Framelet-UWB reaches BER of 1077 at

E, /N, = 13.2 dB while DWPT-UWB, DWT-UWB and FFT-UWB reach BER of 107>
at E;,/Nyequalto 15 dB,15.7 dB and 18 dB respectively.

Finally, in Figure (8) for CM4, Framelet-UWB reaches BER of 1077 at
E,/N, = 14.2 dB while DWPT-UWB, DWT-UWB and FFT-UWB reach BER of 107>

at E;,/Nyequalto 15.2 dB, 15.7 dE and 18.2 dF respectively.

In summary, it has been seen that DWT-UWB, DWPT-UWB and Framelet-UWB
outperform the FFT-UWB when an efficient equalizer is used. Moreover, Framelet-UWB
outperforms all the other systems.

MULTIPLE ACCESS USING CDMA :

Multiband OFDM approach for UWB uses frequency hopping between different sub-
bands for multiple access of different users, an alternative approach is created by assigning a
different spreading code to every user as in the system proposed by [7], similar to multicarrier
CDMA.

If four users are considered, a different code for every user is assigned with code
length=4. Walsh-Hadamard spreading code is used for its realized orthogonality. Figures (9-
12) show BER performance of framelet-UWB system in CM1-4 with different number of
users accessing the channel instantaneously.
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—©— Number of users=2 [
=+ Number of users=3
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10 \\
1§
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0 5 10 15 20 25 30 35 40
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Fig. (9) BER performance of Framelet UWB system using DS-CDMA for channel accessing with
variable number of users in CM1.
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Fig. (10) BER performance of Framelet UWB system using DS-CDMA for channel accessing with
variable number of users in CM2.
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Fig. (11) BER performance of Framelet UWB system using DS-CDMA for channel accessing with
variable number of users in CM3.
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Fig. (12) BER performance of Framelet UWB system using DS-CDMA for channel accessing with
variable number of users in CM4.

The bandwidth of a single user in OFDM-UWB system is approximately 500-MHz, so
if Walsh-Hadamard code with length equal to 4 is used (the spreading factor=4), then four
users with a 2-GHz bandwidth is used. It is worth to note that the data rate is preserved the
same as the case without using spreading codes.

In figure (9) for CM1, a BER of 1077 can be achieved at E, /N, = 10.8 dB for
single user accessing the channel, while an E;, /N, = 13 dB is required to achieve the same
BER when four users are accessing the channel instantaneously. This requires 2.2 ¢B more
power than single user case.

While in figure (10) for CM2, a BER of 1077 can be achieved at
E,/N,=115dEB for single user accessing the channel. On the other hand, an
E, /N, = 13.8dB is required to achieve the same BER when four users are accessing the
channel instantaneously. This requires 2.3 dB more power than single user case.

On the other hand, in figure (11) for CM3, a BER of 107 can be achieved at

E, /N, = 13 dB for single user accessing the channel. Also an E; /N, = 15.6 dB is
required to achieve the same BER when four users are accessing the channel instantaneously.
That needs 2.6 dB more power than single user case.

Finally, in figure (12) for CM4, an E;, /N, = 13.1 dB is required to achieve a BER

of 1077 for single user accessing the channel, while an E; /N, = 17 dB is required to
achieve the same BER when four users are accessing the channel instantaneously. This
requires 4 ¢ B more power than single user case.

Based on the previous results, it can be concluded that as the number of users
accessing the channel instantaneously increases, the BER performance is slightly degraded.
This indicates that interference or a crosstalk between users occurs. Since orthogonal codes
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are used for spreading, there must be no interference between different users in an ideal or
AWGN channel because the cross correlation between different codes is zero. However, in
multipath channels, the situation completely differs. Spread spectrum with orthogonal codes
is susceptible to multipath environment. In addition, multipath in the channel typically
compromises the orthogonality of the codes, leading to medium access interference. For
CM1, this degradation in performance is small, while for more severe multipath channel, e.g.
CM2, CM3, and CM4 the degradation becomes more and more significant, indicating an
increase in the cross-talk level between different users.

Conclusions:

This paper has studied the Framelet based UWB system and compared it with other
existing systems. The Framelet transform was used instead of the fast Fourier transform in the
conventional system. Framelet UWB system can't employ a cyclic prefix to deal with ISI, so
these systems need more complex equalizer to improve its performance. Also it has been seen
that Framelet-UWB system has better performance than FFT-OFDM when equalizer is used.
Finally, it has been proved using Matlab software package that the Framelet based UWB
system gives the best performance among DWT-UWB and DWPT-UWB.
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