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Abstract

The optimal value of the PPM-Shift related with the binary TH-PPM should be cautiously selected to make sure the finest
performance of the PPM-TH-UWB system for a given pulse shape utilized in a specific submission. In addition, it has
been demonstrated that the ideal choice of the PPM-Shift parameter denotes back to the autocorrelation characteristics of
the pulse shape under examination. In this paper, artificial neural network (ANN) with Levenberg-Marquardt Learning
Algorithm (LM) is proposed to optimize PPM-shift for the TH-UWB under Standard Gaussian Approximation (SGA)
with multi-Rate system, this optimal PPM-Shift is a function of the data bit Rate (Rb) and Gaussian pulse and its
derivatives. Theoretical analysis and simulation results show that our algorithm rapidly converges to the optimal PPM-
Shift and has the advantages of low bit-error rate.
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1. Introduction

Ultra-wideband (UWB) technology which uses narrow
pulses having duration on the order of nanosecond was
approved by the federal communications commission (FCC)
in February 2002 for short-range, high speed wireless
systems. To avoid interference with the co-existing
applications, the radiated power should not exceed —41
dBm/MHz within the band from 3.1 GHz to 10.6 GHz [1],
In IEEE 802.15.3a and IEEE 802.15.4a UWB is a possible
radio technique at physical layer. Because of wideband
nature of UWB signal it provides the high data rate in
Wireless Personal Area Networks (WPANs) for multimedia
traffic. UWB is also known as wireless USB, as it is seen as
a replacement of USB cable. In UWB, there are two
approaches for multiple accesses. One is based on time
hopping (TH), which is known as an Impulse radio [2] and
second is based on Multi band OFDM [2].

Depending upon modulation scheme TH UWB signal is
known as TH-PPM UWB [2-3-4]. Also Direct Sequence
UWB. In all TH-UWB method single bit duration (Tb) is
divided into Ns number of frames, each with equal duration
of (Ts ) such that, Tb = NsTs. Further each frame duration
(Ts) is divided into Nc number of chips of duration (Tc).
During each hip period (Tc) UWB radio signal is
transmitted. This UWB pulse is Gaussian pulse or its
derivative, which is transmitted depending upon TH code.
UWB radio signal comprised of a sequence of sub-nano
second duration

The proposed TH-UWB structure can also achieve
variable data Rate transmission or multi service Rate.The
Autocorrelation method was used to obtain the optimal
PPM-Shift. Its involves a long research and selecting among
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a wide range of PPM-Shift. It is a time-consuming process
and not convenient in practice. In fact, in real-time
communication systems, the parameters often change during
communication, so the value of the PPM-Shift must be
updated accordingly. to address this problem, ANNs are
used to find the optimal PPM-Shift. It needs a training
sequence to train the network, at a first stage. After that, the
model will be autonomous and directly gives the required
optimal PPM-Shift. To the best of our knowledge, the ANN
is used for the first time, in this paper, to find an adaptive
optimal PPM-Shift for a 2PPM-TH-UWB.

2. Pulse construction for UWB transmitters
By far the most popular pulse shapes discussed in UWB

communication literature are the Gaussian pulse and its
derivatives, the basic Gaussian pulse is given as [5-6].

1 7(t)z
P(O)(t) — e2d’
2m0° 1)

The first and second order Gaussian pulses can be

obtained by differentiating P (t) against t as:

d”_ plo (1) )

a'(1)

Figure 1 show the second derivative Gaussian pulse in
the special case of tau= 0.2ns, tau= 3ns, and tau= 0.4ns.
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Fig. 1. Second derivative Gaussian pulse in time domain.
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3. Analyzing multiple-user interference

Our system is the combination of TH code and PPM
modulation The transmitted signal of n” transmitter is
represented as follow [2-3-4-7]:

z b E(Tf()po(t—jTS —cbr —a(")s)

J e J
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N
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where po(t) is the energy normalized pulse waveform with

duration T and E(T"X) is the energy transmitted over each
single pulse for the n™ device; Cj(,")TC is the time shift

introduced by the TH code with C (x)

; being the j-th pseudo-
random code of device n, Tc the chip duration and Ts is the
average pulse repetition time. The TH sequence is
considered to be a set of independent and identically
()
J
PPM-Shift introduced by the modulation accounting with
the number of pulses per bit (Ns). For the binary PPM
()

J

distributed random variables. The term a'’¢ represents the

modulation, @’ can assume the binary values (0 or 1), the

correct detection in the receiver may be easily obtained. The
output (Ns, 1) of the code repetition coder receives as input
the binary source sequence. With the use of the repetition
coder, the average pulse repetition period is considered to
be:

TS :Tb /NS
where
Tb is the bit time.

Assume that we use IEEE 802.15.3a channel model, and
the channel is impacted by thermal noise (Gaussian White
Noise), the received signal is the sum of the transmitted
signal which from transmitters and the Gaussian White
Noise, it can be expressed as [2-3]:

Nu oo

r(t) = ZZJET[:\EPO (I_JTX - Cﬁn)TL —a£'7)8—1("))+n(t) (4)

n=l j—eo
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The received signal can be defined as, [2-3]:

r(e)=r(6) 7,0, (e) +n(2).

)

Where received signal contributions are independent
r, (t) and r, . (t) are the useful signal and multiple access
interference gathered at the receiver, respectively.
()’l) . . .
E,) is the energy received over each single pulse and

n(t) is the AWGN noise with double sided spectral density
NO0/2. The useful received signal is expressed by:

O B G
J=0

Where Eg))( is the energy received from a single pulse

from the reference transmitter.
interference signals are expressed by:

Nu o
r(1)= 3 S B py (1~ T ~allle ) 4n(2). 7

n=2 j-eo

The multiple access

7 represents the time delay of the pulse of the n-th
device. We assume that reference transmitter and receiver

are perfectly synchronized, i.e., W=o.

Delays 7" with n#0 are assumed independent and
uniformly distributed random variables between 0 and Ts.
The soft decision receiver output can be express in the
following:

Tb
z=[r()m(r) ar (8)
0
where m(?) is correlated mask, its expression as:
Ns—1
m(t)= v (-1 -c'r) ©)
Jj=0
Where

v ()=R()-R(~e)

The receiver estimates the bit according to all signals
contribution:

Z=7,+7,,+Z

mui nt (10)
where Z, , Z.i and Z, represent the useful signal, the MUI
noise and thermal noise, respectively.

For orthogonal and the best binary PPM modulation, we use
ML decision rule

Z>0=>a=0

)

Z<0=a=1
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According to the ML decision rule, we can get the BER
expression as following:

BER:%Pr(&:la:0)+%Pr(&:l|a:0)
=Pr(a=1/a=0) (12)
=Pr(Z=1]a=0).

Assuming that Z,, and Z, are zero-mean Gaussian
random processes characterized by variance o’ = and o,

respectively. Based in that works, for the binary PPM
modulation the bit error probability is written by [2-3].

SINR
Prbzéerfc[ T] (13)

where SINR is the Signal-to-Interference and Noise Ratio
and accounts for the useful, thermal and interference noise
contributions. The useful signal contribution is the bit energy

E, over the time of the bit and within the SGA assumption

the following expression is obtained:
SINR =——'5— (14)

SINR = ((SNR)‘l Jr(snre)“)f1 -

-1 -1\

E E (15)
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where SNR and SIR represents the signal to thermal noise
ratio, and the signal to MUI noise ratio respectively. If the
signal energy can be looked as the sum of Ns pulses energy

(per bit), the E;, can be defined as:

wout 1T5-CresTe ’
= EY [ ple=im -V )s(e- 7 -7 )an
Tc

Where Ro(¢) is the Autocorrelation function of Po(t) At
the binary PPM receiver output, the Variance of thermal

noise is given bay:

ol =NN (1-R,(¢)) (17)

Expression for the SNR is then obtained:

N EV
SNR, = ;v”(l—RO(g)) (18)

0

The features of MUI interference to the UWB receiver

output can be defined as:

2T,

() = JEU | po(r=7") (1) dr (19)

0

where 27 represents the duration of the PPM mask. E ) s

RX

the energy received over each single pulse for the n™

interfering user. Assuming the delay 7" is uniformly
distributed over [0,Ts], the variance of the interfering noise
is given by:

2
o-:mi” :TL][\/ETRQZ‘T[M po([_T("))V<t)le d‘L'(”)
» 0 .
(n) 7,( 2Ty 2
=TRX£[ ! po(t—r(”))v(t)er dz"

s

(20)

ty

If the time delay obeys the same distribution, can be
written as:

N Nu ;
Emui =TVO-§IZE£/\2' (21)
s n=2

Where once again 7 obeys the uniform distribution from

zero to Ts and the o7, expressed as:
ol =2 [ (R(1)) ar 22)

Also, the signal to interference ratio (SIR) can be written as
following:

EyN.(1-R(©))’

N Nu ;
UL
N=2

s

SIR =

(I-R(e)’ N.T.
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(23)
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The BER for 2PPM-TH-UWB system based on the SGA
is thus [2-3-7]

1-R (e
Nu

LZ—
N

1
BER =—
2 e 2

Equation (18) shows that SNRn is maximum (BER is
minimum) when autocorrelation Ry is minimum, and can be
maximized by selecting an optimal shift PPM value. Not that

for orthogonal waveform (g>Tm) ) Ro(g):o , than

1-R, (8) =1.The optimum shift value, however, be smaller

than T, if Ro(e) takes on negative value, that is

1-R (g)>1.

The optimal PPM-Shift varies with bit Rate Rb as well as
the ordre of derivative of Gaussian pulse, his can be clearly
seen in Figure 2 and Figure 3.
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Fig. 2. BER of TH-UWB as a function of PPM-Shift for second
derivative Gaussian pulse
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Fig. 3. BER of TH-UWB as a function of PPM-Shift for Rb=20Mb(b)
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4. Proposed model

Artificial Neural Networks (ANNs) model is an information
processing paradigm that is inspired by the way biological
unison to solve specific problem [8]. ANNs like people learn
by experience not from programming, they are trained
(learned) by repeatedly presenting examples (data) to the
network which has a training rule and a weighted connection
neuron that are adjusted on the basis of data that cannot be
altered after the training, these weights help the network to
make the decision without the need to use any other resource
in decision-making.

In this work, ANN with Levenberg-Marquardt Learning
Algorithm (LM) is used to optimize PPM-Shift for the TH-
UWB under SGA. This optimal PPM-Shift is a function of
the order of the derivative (K) and the bit Rate(Rb), this last
is a function of the pulse duration (Tm) and the shaping
factor for the pulse (tau), and the order of the derivative of
Gaussian pulse(K) Figure 4. This function can be described
by:

Optimal PPM-Shift = £ (K, Rb),

where PPM-shift is the values of PPM-shift optimized by the
proposed approach and f'is a nonlinear function which maps
the PPM-shift with the inputs parameters.

This network was trained with Levenberg-Marquardt
backpropagation algorithm (#rainlm). This network was
chosen due to its good characteristic for solving fitting
problems. The neural network must map well between a data
set of numeric inputs and a set of numeric targets.

In training, the number of hidden layers, the number of
the neurons in the hidden layers and
Marquardt parameters were determined after trying various
network structures, The network model used is a three-layer
feed-forward network as illustrated in figure.4, two-layer
feed-forward network with sigmoid hidden neurons and one-
layer feed-forward network with linear output neurons, After
a few experimental run, the number of neurons in the hidden
layers was set to 20 neurons for each layer, [9-10].

Hidden Layer 1 Hidden Layer 2 Output Layer

OJJ/J QJJ t@da

_

The experimental data were to be separated into training,
testing and validation data. There were no general guidelines
available which could be followed to measure the ratio
between the amount of training and testing and validation
samples.

As per the recommended ratio of training, testing and
validation, we used 70% data for training 15% for testing
and 15% for validation.

Input

Fig. 4. Neural Network Training

5. Performance Evaluation of ANN Training Algorithm

The high correlation coefficient (R= 0.99813) indicates that
the PPMshift optimized by the LM—ANN perfectly fit (at
99.813%) those computed by Autocorrelation method, figure
(6).

In this work, the validation of the proposed estimator is
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evaluated by comparing its computed PPM-Shift values ( ¢,)

with that found by the Autocorrelation method (&) using

the root mean square error (RMSE), This indicator is
calculated as:

, VER at
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Fig. 5. New model for of TH-UWB with PPM modulation and ANN
PPMshift
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Fig. 6. Correlation between output and target

6. Simulation, Results and discussion

In the simulation, we assume that the collision happens
when the waveform overlapping in MUI system. Now we
consider a common situation: this is Nu asynchronous user
binary PPM Time-Hopping system which uses the common
interface to send binary data. It is also assumed that 3 pulses
are used to transmit one bit (Ns = 3) and the pulse repeat
period Ts = 6 ns. Each period Ts is divided into time slots
(Tc) the transmit rate (Rb ) will be variants with basic rate
RO =20MB/s. The basic waveform is first 05 derivative of
Gaussian pulse.
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Fig. 7. BER of 2PPM-TH-UWB for different PPM-Shift
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Fig. 8. BER of 2PPM-TH-UWB for variable data Rate with optimal
PPM-Shift
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Fig. 9. Theoretical and simulated BER of 2PPM-TH-UWB
SNR with optimal PPM-Shift obtained by ANN approach
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versus the

The variation of the error bit error Rate of the adaptive
optimal PPM-Shift with respect to the SNR values is shown
in figure 7 and 8. We also showed the variation of the BER
for two fixed PPM-Shift cases (PPM- Shift =Tm/2, and Tm),
which are the most frequently PPM-Shift used in our system.
From this results, we conclude that BER of the adaptive
optimal PPM-Shift is better than those of the fixed case and
gives almost the same performance as the Autocorrelation
method,

As expected, the performance of the proposed model
with the optimal adaptive PPM-Shift calculator reacts
positively with the Rb values.

Figure 9 compares theoretical and measured BER for
2PPM-TH-UWB with optimal PPM-Shift obtained by ANN
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approach, this figure shows a good agreement between
theoretical performance and simulation results.

10° T
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Fig. 10. BER performance of different pulses with optimal PPM-Shift
for Rb=20Mb/s (case a), for Rb=60Mb/s (case b).

In figure 10, with optimum value of PPM-Shift, The best
results are obtained with the 5™ and the 4th derivative of
Gaussian pulse for Rb=20Mb/s (case a), but the the 5™ and
the 2nd derivative of Gaussian pulse gives low value of BER
for Rb=60 Mb/s (case b), this justifies the choice of the pulse
depends heavily on the value of data Rate Rb.

7. Conclusions

The precedent results indicate that the PPM-Shift directly
affects the performance of 2PPM-TH-UWB systems. It is
clear that our systems will achieve the best performance
when PPM-Shift is optimal, but sometimes this value is very
small, for this difficult to implement.

In this paper, a new adaptive optimal PPM-Shift
estimator based on LM-ANN for the 2PMM-TH-UWB and
PPM modulation is proposed. The performance of the model
using the proposed PPM-Shift estimator has been compared
with a simulated TH-UWB that uses a fixed value of PPM-
Shift and a theoretical TH-UWB with optimal PPM-Shift
computed using the Autocorrelation method. The obtained
results show that the proposed model clearly very
compatible with multi-Rate system in terms of probability of
error. This work is still ongoing and further work is planned
to investigate other artificial models, like SVM, RBF and
ANFIS.
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