
Research Article Open Access

Jabbar, Ind Eng Manage 2018, S:3
DOI: 10.4172/2169-0316.S3-004Industrial Engineering & Management

Ind
us

tri
al 

En
gineering & Managem

ent

ISSN: 2169-0316

ISSN: 2169-0316, an open access journal Ind Eng Manage Materials with Compositional Variations

Keywords: TC; MTC; PN generator; PPM; PSD; TH-IR; UWB

Introduction
A wireless transmission system that employ a bandwidth more 

than twenty-five percent of a center frequency or greater than 1.5 GHz 
called UWB technology [1]. Over the past few years, UWB acquired 
much attention as a possible candidate for wireless short-range 
communication. The Federal Communications Commission (FCC) 
allocated spectrum range (3.1-10.6) GHz for UWB implementations 
[2].

Signals belonging to this category in accordance with the FCC 
regulations must have a–10dB bandwidth which exceeds 0.5 GHz of its 
partial bandwidth, where:
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FH and F are the high and low –10dB cutoff frequencies, respectively 
[3]. Impulse Radio (IR) is one of the most significant technique to 
UWB.IR is oftentimes utilized as an equivalent term of UWB and 
its have stream of pulses with low duty cycle [3,4]. The effectiveness 
of UWB systems appears mainly in their of work overlapping with 
existing systems. In other meaning, since UWB does not need a new 
spectrum, its investment can be parallel to existing systems, as shown 
in Figure 1. The transmitted power could be expressed by product 
of PSD and the bandwidth. Therefore, the system with acceptable 
transmitted power and large bandwidth allows to show very low PSD. 
The narrowband receiver could be observe the noise power of its own 
system bandwidth, which very small part of UWB bandwidth. Because 
of this small interference, frequency organizers around the world are 
permitting UWB radiations in the microwave system [5].

Some of current methods are used for UWB system. In this paper, 
TH-IR is used. To modulate the pulses with information, it can be 
accomplished using Pulse Position Modulation (PPM) [6,7].

Conventional PPM TH-IR System
The conventional PPM TH-IR System consists of five stages as 

shown in Figure 2.

The Pseudo Noise (PN) generator contains eighteen shift register 
which can generate a maximal length sequence 218-1 bits. The output 
of the PN generator is fed to the bias circuit. The work of a bias circuit 
is to change the probability of one’s and zero’s and it act best with very 
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Abstract
The repression of the spectral line is a matter of main attention in designing of Time Hopping Impulse Radio (TH-IR) 

Ultra-Wide Band (UWB) systems. This case has been usually processed by randomizing the locations of every pulse. 
This requires to employ of very long Pseudo Noise (PN) sequences to suppress the capabilities of spectral lines. This 
research aims to improve the Power Spectral Density (PSD) by constructing the proposed system using Turbo code 
technique inside MATLAB’s Simulink. We found that our proposed system provides high performance than Conventional 
PPM-TH-IR in term of eliminating the spectral lines or make it smoother. We also found that the increasing in interleaver 
length and constraint length enhances PSD. 
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long sequence. The convolutional encoder (CC) with rate 1/3 used to 
control the code prior applying it to the PPM system in order to reduce 
the spectral lines [8]. Generally, CC map the input bit into n length 
output bits, these n bits are not only determined by the present bit 
input but also depend the previous bits, this increases the capability of 
the communication systems to be able to dominate a lossy transmission 
medium and enhance the randomness [9,10]. PPM system, a technique 
in which the timing of each pulse is changed to transmit information 
instead of changing amplitude. It is modulation section that uses the 
pulse position to point the bit that was sent instead of sending the 
whole bits. It also sometimes refers to the code transmitted without 
sending all the bits. So it is good in terms of power consumption 
[11]. The spectrum analyzer is used as the fifth stage to measure the 
magnitude of the input signal versus frequency.

Parallel Concatenation of Convolutional Codes
Turbo Code (TC) consist from just two CC at a rate 1/2 and 

random interleaver (permutations) at the input of the second encoder. 
When using more than two parallel CC with random interleavers at the 
input of each encoder will improves the performance of TC, and called 
Multiple Turbo Code (MTC). The encoder used in this paper contains 
three recursive binary CC as shown in Figure 3 [12].

Proposed PPM TH-IR System
Figure 4 shows the proposed system. In order to improve system, 

TC and MTC are used with different interleaving length and constraint 
length. Also, the simulation results are compared with the conventional 
PPM TH-IR UWB.

The signal created by the system, shown in Figure 4 is depicted by 
the equation

( ) ( )ñ i 
i

y t p iT   γγ= − −∑ t T                  (1)
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Where p(t) account for the pulse shape; Tρ is the mean pulse 
repetition rate; βi is the ith symbol from the encoder, and Tγ is the PPM 
modulation index. Further, the PSD of y(t) can be derived by using the 
results presented by the following formula: 

( ) ( ) ( ) ( )( )

( )( )

8 12 2

1

8 1

2
1

1 1 1 2 8 cos 2
8 32

1 1 2 8 cos 2
8 32

jr

j

H f P f P f j fjT
T T

vj fjT f
TT

γ
ρ

∞

γ
∞ ρρ

π

π δ

−

=

−

= −

 
= − + − + 

 
  

+ − −       

∑

∑ ∑
    (2)

Where P(f) represents the Fourier transform of P(f). The value of Tγ 
is select to remove spectral lines as possible [13-15].

Simulation Parameters
The simulation parameters used for PPM TH-IR system are listed 

in Table 1.

Simulation Results
In this part, we will compare the conventional PPM TH-IR with 
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Figure 1: Interference between a UWB system and a narrowband (IEEE 802.11a) LAN.
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Figure 2: Conventional PPM TH-IR system block diagram.

Figure 3: Encoder with three convolutional codes.
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Figure 4: Proposed PPM TH-IR system block diagram.
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proposed system in two scenarios. The same procedures have been 
repeated in an attempt to detect different codes that provide better PSD.

Figure 3 shows PSD obtained by using conventional PPM TH-
IR system. It’s clearly a continuous component of harmonics with a 
numerous spectral lines. This appearance may be explained by the 
scarcity of the randomness between consecutive pulses (Figure 5).

In the first scenario, TC is tested with different properties to achieve 
a smoother PSD as shown in Figures 6a-6d.

When Figure 5 is compared with Figures 6a-6d it can be observed 
that the spectral lines are better as well as some of them has been 

eliminated. In the second scenario, MTC is tested with different 
properties to improve PSD as shown in Figures 7a and 7b.

The results shown in Figures 7a and 7b illustrate that MTC improve 
PSD more than the TC due to large randomness between consecutive 
pulses.

Conclusion
It is concluded that the proposed PPM-TH-IR system improved the 

PSD by eliminating the spectral lines that are achieved by increasing the 
randomness of the transmitted signal. As well as, when increasing the 
constraint length and/or interleaving length in TC, MTC, It’s observed 
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Figure 5: PSD for CC with R=1/3 and K=7.
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Figure 6a: PSD for TC with R= 1/3, L=100 and K=3.

Parameters Values
Resolution bandwidth(GHz) 20
Source type Pseudo Noise generator 
pulse repetition rate (sec) 5*10-10

CC Rate(R)=1/3
Constraint length(K)=7

TC and MTC Rate(R): 1/3 for TC & 1/4 for MTC
Constraint length(K) =3 & 5

Interleaver length(L)=100 &10000 

Table 1: Simulation Parameters.
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Figure 6b: PSD for TC with R= 1/3, L=10000 and K=3.
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Figure 6c: PSD for TC with R= 1/3, L=100 and K=5.
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Figure 6d: PSD for TC with R= 1/3, L=10000 and K=5.
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achieve the best performance in terms of suppression the spectral lines 
and makes it smoother.
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Figure 7a: PSD for MTC with R= 1/4, L=100 and K=3.
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Figure 7b: PSD for MTC with R= 1/4, L=10000 and K=3.
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