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Abstract:-

The cyclostationary based spectrum sensing algorithm is especially suitable for detection
of orthogonal frequency division multiplexing (OFDM) signals that exhibit strong periodic
correlation due to insertion of cyclic prefix between OFDM blocks. Normally, the cyclic
prefix is used to remove the Intersymbol interference (ISI) and intercarrier interference (ICI)
of the OFDM signal and so it eliminates a need for complex equalizer.

In this paper, simulation results demonstrate the normalized spectrum correlation
function of the primary OFDM signal used in cognitive radio systems with different values of
cyclic frequency. Two techniques are assumed to be used as PAPR reduction of OFDM
transmitted signal. The results show that only one of them has no apparent effect on the
correlation performance of the cyclostationary detector. Finally, it is found that a reduction of
30% in the implementation complexity can be taken by suitable choice of detector cyclic
frequency.

Keywords:- OFDM, Cognitive Radio, Cyclostationary Detection, Dynamic Spectrum Sensing.
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|. Introduction:

The policy of spectrum licensing and its utilization lead to static and inefficient usage of
this spectrum and so it has become essential to introduce new licensing policies to enable
dynamic and open way of utilizing the available spectrum efficiently. Recent studies on radio
spectrum usage have given birth two concepts: Dynamic Spectrum Access (DSA) and
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Cognitive Radio (CR) [1]. One of the most suitable techniques to guarantee a dynamic
spectral occupancy of the transmitted signal (licensed signal) is the Orthogonal Frequency
Division Multiplexing (OFDM) technique . On the other hand, Cognitive radio allows
unlicensed users (secondary users) to access licensed frequency bands to reduce spectrum
scarcity. Even after the beginning of the transmission, the bands must be continuously
checked for any primary user entering to transmit in these bands. If so the secondary users
should vacate the bands as quickly as possible and go on to some other empty frequency
spectrum [1,2].
A number of schemes have been developed for detecting the presence of primary user in a
certain frequency band. Energy detector and matched filter type are examples of such
schemes. The first functions properly for high signal to noise ratio while the second
complexity is very high. These constrains led to implement a detector which performed well
under low signal to noise ratio and with complexity not as high as the matched filter detector.
Such type is called cyclosationary detector. This detector is merely a Fourier transform of the
correlated received signal and results in peaks at frequencies which are specific to the signal.
The searching for these peaks helps in determining the presence of primary user [3, 4].
The rest of the paper is organized as follows; section Il describes briefly the mathematical
analysis of the cyclostationary detection for OFDM signal and discusses the challenges
oppose the implementation of such detector. Section 11l presents computer simulation tests to
show the correlation performance in the presence of techniques used to reduce the peak to
average power ratio (PAPR) of the OFDM signal. This section includes also the hardware
complexity to implement this detector. Finally, the paper is concluded in section IV.
Il. Cyclostationary Detection of OFDM Signal

A. Mathematical Analysis

The mathematical development for cyclostationary analysis is based on Gardner's work
[5] and it may be derived as:-

A complex random process x(t) is said to be cyclostationary in wide-sense, if its mean
(E{x}) and autocorrelation (R,) in time domain are periodic:-
E{X(t+T)} = E{X(0)}
Ry(t+T,t) = Rx(t,T) 1)
where Ry(t,7) = E{x(t + T)x(t)}

Due to periodicity of autocorrelation, it can be expanded using Fourier series as:-
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Re(t +T,7) = En R (r)e/2"rt )
where 2 represents the cyclic frequency and can be written as o. The coefficients (Rg(7) )

represent a function, which may be called the Cyclic Autocorrelation Function (CAF), which

may be represented by;

R%(7) = limyq f_TT//ZZ R (t + T, t)e /2™t gt 3)

The cyclic Wiener relation states that the Spectrum Correlation Function (SCF) is then
calculated using the Fourier transform of the cyclic autocorrelation function and its maximum
value is directly proportional to the probability of detection and inversely proportional to the
probability of false alarm [6]:-

S(f,@) = [-_, RE (e dr @)
In this work, the primary signal (x(t)) is an OFDM signal, which may be represented as a

composite N statistically independent QAM signal [7];

x(6) = 5 ZN=3 v ) g — k) ©)
Where ¥, IS acomplex sequence corresponds to a rectangular QAM signal point space, q(t)
represents a rectangular shaping pulse of duration T and Ty is a source symbol length.
The detection process based on the spectrum correlation function (Eq.4) may be implemented
in three steps using the block diagram shown in (Fig.1) [6]:-

e The signal of interest is shifted by 7 and ==

e The shifted signals are multiplied after passing through sliding windows, where the

symbol ( *) represents the complex conjugate.
e Spectrum Correlation Function (SCF) is found by taking the Fourier transform of the

multiplied signals .

e—jn:a
OFDM sliding SCF
_ " window FFT |,
signal | sliding
window
*
el

Fig.1 Block diagram of cyclostationary detector
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B. Detection Challenges

However, there are two main challenges for using the cyclostationary detector in the
OFDM systems. These challenges are [8-10]:-

The first challenge is appeared due to the property of the IFFT used at the transmitter
of the OFDM system, which is a high peak to average power ratio (PAPR) of the
transmitted signal. This causing subcarrier intermodulation and undesired out- off
band radiation. Such two drawbacks lead to inefficient amplification and a need to an
expensive power amplifier. So it is important to use techniques to reduce the PAPR.
These techniques may in turn reduce the correlation characteristics of the detector.
[11] suggests a simple technique to reduce this ratio by mapping the QPSK symbols at
the input of the IFFT of the transmitter with a certain formula. The results included in
[11] show that the bit error rate performance is better than that of the conventional
clipping PAPR technique. [12] proposed a tone reservation technique (operates with
large number of subcarriers) reduces the ratio by a factor of nearly 5 dB. However the
complexity is the main drawback of the technique proposed in [12], especially if large
number of iterations are needed.

The second challenge is merely the implementation complexity ( number of arithmetic
operations) of the cyclostationary detector. Many literatures analyze such issue, for
example, problems of cycle leakage, aliasing and cycle phasing had been disused in
[5]. In literature [13], the implementation is done mostly in angular domain to avoid
complex operation ( multiplication and addition/ subtraction). Finally, the signal is

mapped back to Cartesian coordinates.

I11. Computer Simulation tests

A. Detector performance

To examine the performance of the cyclostaionary detector (Fig,1), computer simulation tests

have been carried out using Matlab software. In these tests, the signal to noise ratio is equal to

-20 dB and N = 32. A sliding window of 32-width Hamming window is used, Firstly, the

maximum normalized SCF of the envelop OFDM signal is plotted with different values of

cyclic frequency (a). Such plot is shown in Fig.2.
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Fig.2 The maximum of SCF for different values of cyclic frequency

For N = 32,Fig.2 shows that the normalized spectrum correlation function has its
maximum value at cyclic frequency of 12 (a = (;—ET)). According to this value, Fig.3

shows the ability for such detector to know the existence of primary OFDM signal with
high probability of detection and low probability of false alarm (due to clear maximum
value of SCF in this figure).
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Fig.3 The normalized SCF of cyclostationary detector for OFDM signal
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Extra tests shows that the correlation characteristics of the cyclostationary detector may
affected when PAPR reduction techniques are used at the transmitter side of the OFDM
system (first challenge in section 11-B) . In these tests, symbol expanding technique [11] and
tone reservation algorithm [12] are used. For an OFDM system with first technique, a
reduction in the spectral correlation magnitude for the envelop of the OFDM signal is shown
in Fig.4. This reduction makes the detection more difficult. In the other hand, the use of
parallel search tone reservation method with memorized values enhances the cyclostationary
features. It is clearly appears in Fig.4 that the difference between the maximum and the other
values of the spectrum correlation function (SCF) in the tone reservation technique is higher
than that of the symbol expanding technique. This means that an OFDM signal with tone
reservation technique has better probability of detection and probability of false alarm than

that of a same signal with symbol expanding technique.

1 L L L L L L

Expanding
TR

0.8

0.4~

Normalized Spectrum Correlation Function

-40 -30 -20 -10 0 10 20 30 40
Spectral frequency

Further tests are used to estimate the complexity of the cyclostationary detector (Fig.1).
The complexity is calculated in terms of the number of addition/subtraction and
multiplication operations of the detector algorithm. Table.1 shows the result of these tests

with different values of OFDM symbols.
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Table.1 The complexity of the cyclostationary detector for
different values of OFDM symbols

OFDM blocks | addition/subtraction | multiplication
1 16 96 204
2 32 192 396
3 64 384 780
4 128 768 1548
5 265 1536 3084
6 512 3072 6156

C. Proposed detector

As expected, Table.1 shows that the complexity of traditional cyclostationary detector is
proportional with the number of OFDM symbols. To reduce the detector complexity, this
paper suggests an algorithm to implement the cyclostationay detector. This algorithm is
mainly based on the reduction of the number of the multiplication and addition / subtraction
operations by choosing two suitable values of cyclic frequencies (a1 and a2). These values
are used with the exponent function in the upper and the lower arms of the detector shown in
Fig.1. As a result, the real or the imaginary parts of the exponent function is equal to zero or
constant, so there is no need to more mathematical operations to implement such function.
This idea behind this algorithm may be explained by the following two steps:-

e Step 1: for a certain value of N, the cyclic frequency (o) is chosen such that the SCF is

maximum.

o Step 2: the values of a1 and a2 are calculated such that the sum of these values is equal

to a and the real and imaginary parts of (e/2™*1) and (e/2™*%) are equal to zero or

constant value.

Therefore, the complexity of the proposed detector is then calculated in terms of the number

of mathematical operations for different values of OFDM symbols as tabulated in Table.2:-
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Table.2 The complexity of the proposed detector for different
values of OFDM symbols

OFDM blocks | addition/subtraction | multiplication
1 16 80 134
2 32 160 262
3 64 320 518
4 128 640 1030
5 265 1280 2054
6 512 2560 4102

Finally, the estimated behavior of the traditional and the proposed detectors under multipath
propagation is shown in Fig.5. Such behavior is represented by the probability of missed
detection for different values of received signal to noise ratio. In this test, the received
multipath signal is assumed to be a sum of the received signal with its delayed and attenuated
version. The values of attenuation factor and normalized delay are assumed to have 0.75 and
15 respectively. The figure shows that the behavior of the traditional detector is better than

that of the proposed detector (nearly 0.5 dB difference at probability of 107*) as a result of

unbalanced values of cyclic frequencies used in the proposed detector.
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Fig.5 The behavior of the two detectors under multipath propagation conditions.
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1VV. Conclusion

Based on the correlation characteristics of the cyclostationary detection, this paper proves

its ability to detect the OFDM primary signal. The results show the simplicity in the detection

when a proposed tone reservation technique is used for reduction the PAPR of the OFDM

signal. This work proposes also a method to reduce the complexity of cyclostationary detector

in terms of number of arithmetic operations needed for hardware implementation. Further

tests show that such hardware complexity reduction has an effect on the behavior of the

proposed detector.
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Abstract

In this work the present a theoretical study for the free vibration of cylindrical, conical
and helical springs. Circular cross sections, and non-circular cross section, namely elliptical,
are considered as well for the investigating of the frequency characteristics of the springs. The
equations of motion are derived mathematically for springs with different geometries. The
mode shapes are numerically implemented by using COMSOL 4.2 software package for three
dimensional solid elements. The mode shapes configurations are determined by applying
different force loads and boundary conditions for different number of spring turns. The results
show that increasing the number of turns leads to decrease the spring stiffness and vice versa.
Also decreasing turn number is a good strategy to distinguish between different mode shapes.
Springs stiffness is directly proportional to coil diameter. It is also shown that the
configuration of cylindrical- elliptical spring is prone to the applied force where the stiffness

is lower among all other spring types with the same number of turns.
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Notations

E, G0 = Young's modulus N/m? ,shear modulus N/m? , Poisson's ratio
p = mass per unit volume of wire /kg/m®

t =time/s

t,n,b = tangential, normal and binormal unit vector

Y, T,h = curvature ,tortuosity and step for unit angle of the helix

M M, My = torsional moment and bending moments, respectively

T, Tn, To = axial force and shear forces , respectively

Ui, Un, Uy = Frenet components of displacement vector

Q Qp O = Frenet components of rotational vector

Jor | = torsional moment of inertia

A = cross sectional area

d,D = diameters of the circular cross- section and helix (R=D/2)

In Iy = moment of inertias of cross —section with respect to n,b axes
C: C,. Cp = the axial stiffness and the shearing stiffness's ,respectively

D; Dy Dy = the tensional stiffness and the flexural stiffness’s respectively
pm = external force and moment vector per unit length

S = state vector

1. Introduction

Helical springs are commonly used in many engineering applications serving important
mechanical tasks. The problem of helical springs is a classic mechanical problem that is
subjected to many theoretical studies for decades. Performances of compressive springs
working within dynamic envirments in mechanisms have become particularly important in
recent years . Helical springs are amongst the most familiar engineering components and , as
vital part of the automotive engine, they have been the subject of close scientific scrutiny .
Cylindrical and non —cylindrical helical springs are common in many applications for wide
variety of reasons, Figure (1) demonstrate the robotic fish design [7]. The number of paper
present on the non—cylindrical coil springs is, yet, insufficient [3],[4],[5]. The problem is
described by six differential equations .These are second order equation with variable
coefficients , with six unknown displacements. Three translations , and three rotations at
every point along the member. A number of investigations were conducted in the field of
vibration behavior of helical springs with constant cross section [6]. However, there is no

paper published on the vibration analysis of the helical springs with variable cross section.
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Although, there are some studies of the problems of free vibration of cylindrical coil spring
[4], there have been only a few studies on the free vibration of helical springs with irregular
shapes . Yildirim[5] investigated the free vibration frequencies of cylindrical springs by the
transfer matrix method .Nagaya et al. [1] have determined the free vibration frequencies of
non-cylindrical helical springs both experimentally and by the method of Myklestad. For this
purpose, they have used the static element transfer matrix, where they derived the closed form
solution with taking into account only the axial deformation for circular cross sections .
Yildirim [1] used both the Myklestad method and the complementary functions methods |,
and presented the free vibration of non-cylindrical helical springs taking into account the
effects of axial and shear deformation together with the rotary inertia . The free vibration
problem of helical spring by the transfer matrix method .Yildirim employed the transfer
matrix and the complementary functions to compute the eignvalues on non-cylindrical helical
springs.The applications that use the helical and other types of springs are in continuous
developments starting from the micro scale applications to huge civil engineering structures.
The frequency characteristics of the helical springs can be implemented as a substitution for
some continuous system applications. For instance, the robotics fish, is the interest of many
researchers and companies around the globe. Due to highly need of such application, many
models for robotics fish have been suggested in the last ten years. Some of these models are
based on purely mechanical design , and some are based on using of smart materials. In
general, the thrust mechanism stills the main challenge in the size and design of submersibles.
Recently, it has been shown that the fluid-conveying pipes are a powerful technique for the
thrust of submersibles .The mode of fluttering depends on the pressure inside the pipe , and it
is found that higher pressure leads to fluttering with higher modes.

In this study we extend the work presented by Aren [7] who designed a robotics fish that
works on the fluid inducing mechanism for the thrust force, he used relatively long hollow
tail made of latex, see figure (1). The tail conveys water that is pumped from the head of the
fish and flows through the latex tail and induces the tail to flutter and result in thrust force
moves the fish forward. We investigate replacing of the long latex tail by a short helical
spring that does the same function.the objective of the work is to replace the long latex tail by
short coiled spring, than studying the igenfrequencies of the coiled spring under the effect of
internal flow along the main axis,we investigate the effect of the internal pressure on the
mode shapes for different types of coiled springs. Using of suitable type of coiled spring as a

substitution for the latex tail of the submersible
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Figure (1). (a)The robotic fish design / (b)The free body diagram [7]

2. Free Vibration Formulation of cylindrical Coil Springs
The cylindrical helical coiled springs has the simplest mathematical model among the other

types. The equation of motion for the 12-degree for free vibrations springs in (t, n ,b)[1,2]:-

au; Ty

o = XUt + o (1)
% = XU; + TU+ Q +U,/C, (2)
% = —TU,— Q, + % (3)
aa—? = X Q + ’Z—Z (4)
% - X QO+ TQ;-F% (5)
% = —1Q, + % ©)
Z_f = XT. — P + pA(9% U}Idt?) (7)
";—Tj = —XT, + 1T, — P_ + pA(d2 U./dt?) 8)
Z—? = —1T, — P, + pA(d? U,/dt?) (9)
aa—"f = XM, — m; + pJ(32Q; /9t?) (10)
% =T, — XM; + tM; — m, + pl,(32Q,, /3t?) (11)
"’a_“?? =T — M, — m) + pl,(32Q; 19t?) (12)
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3. Modeling tools

COMSOL Multiphysics 4.2 simulation environment was used to make this analysis ,
COMSOL 4.2 is a complete problem-solving tool. MATLAB interface allowed somewhat
straight forward modeling of a complex three dimensional helical geometry without resorting
to CAD modeling .The analysis was also rather fast ,with meshing and analyzing taking less
than 10 seconds .A three dimensional helix was created and meshed in COMSOL .
eigenfrequency analysis was conducted to identify the first five vibrational modes along with

their frequencies.

4. Case study analysis

A three dimensional helix was created in COMSOLA4.2.to get deformation shape for
different types of coiled springs. Figure (2) demonstrate different types of coiled springs ,
figures (3), (4) and (5) illustrate deformed and undeformations shapes for cylindrical, conical
and elliptical springs for five mode shape .Table 1 records the results of COMSOL 4.2 when

implemented for cylindrical, conical and elliptical springs .

Cylindrical helical colied spring Elliprical helical colied spring Conical helical colied spring

Figure (2).Different types of coiled springs
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4.1. Cylindrical Spring analysis 4.2. Conical Spring analysis

urface: Total displacement (mm)  Surface Deformation: Displacement field (Material]

Egenbequdney=128T41221
Surface. Towl cispecament | Suface Deformation. Displacementfigd (Matens)

sl
& % vo g\bx
Figure (3). Cylindrical spring deformed Figure(4). Conical spring
& undeforormed. deformed & undeformed.

4.3. Elliptical Spring analysis

Surare: Totd dsplacement (n) Surface Deformation: Displecement fefd (Materidh

43765

i 15

05

Figure (5).Cylindrical spring deformed & unreformed.
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Table. (1). Application for spring steel AISI 4340 (n=6 ,E=2.0610"" N/m* V =0.3,
d =0.005 m, a =0.001,0. =0.00468 ,p =7900Kg/m® ).

Type Model | Mode2 | Mode3 Mode4 Mode5
Cylindrical/ PS | 19.005 | 19.019 | 29.115 32.89 64.72
Yildirim[1] | 3652 | 36.544 | 150627 | 0>016 201.82
Elliptical/ PS | 23.646 | 25587 | 31500 | 32.888 53.765
Yildirim[1]
25402 | 28.356 | 31.444 | 42171 45.783
Conicall PS 3246 | 3.7.26 | 4672 5170 5.056
Yildirim[1] 3200 | 3121 | 4586 5.443 5.508

PS=Present study
5. Results and Discussions

In this work, the equation of motion in helical spring was, derived from Timoshenko beam
theory and Frenet formulae, after applying suitable boundary conditions by fixed one end.
The software has been applied to the large deformation analysis of helical springs under axial
loading. The Eigen frequency analysis was run across various values of the number of turns n,
the wire diameter, and the helix diameter D.This paper presents theoretical analysis of
vibration problem of coil springs of arbitrary shape by using COMSOL 4.2 .The results can
be summarized five mode shape for cylindrical and elliptical springs as shown in figures
(10,11) and table (2). For cylindrical spring . Figures (12,13) and table (3) for elliptical spring.

5.1. Cylindrical Spring

Eigesfrogquency=86 06143
Surface: Total displacement (m) | Surface Defarmation: D

ent field (Matenal)

A 35120

50

Figure (6). Deformed& unreformed of cylindrical spring
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Figure(7). Fifth mode shape of spring fixed one end

Table (2). Example for a cylindrical spring free vibrations, second with body

load =50-150 N, Eigenfrequency for( 5) mode shape number of turns =6.

Load Mode 1 Mode 2 Mode 3 Mode 4 Mode 5
X=y=z=0 459.304 | 509.359 | 526.678 | 532.339 | 906.888
Y=0 107.84 108.153 | 238.845 | 268.833 | 474.070

5.2. Elliptical Spring

Sudace: Total displacement (mm) Surtace Deformabion: Displacement fekd (Materid)

ol

Figure(8). Deformed & undeformed of elliptical spring fixed one end
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Figure(9). Fifth Vibration mode shape of elliptical springs fixed one end

Table (3). Example of an elliptical spring with out load , second with body

load, Eigenfrequency for (5) mode shape number of turns =6 .

Load Mode 1 Mode 2 Mode 3 Mode 4 Mode 5
Y=0 11.524 13.294 14.565 29.644 30.538
X=y=z=0 25.402 28.356 31.444 42.171 45.783

6- Conclusions

The following notes can be extracted from the research results :-

1.
2.

Increasing spring turns number ( n) will decreases spring stiffness and all resonant.

Decreasing spring turn number (n) is a good way to achieve separation between five

mode and others.

all resonant frequencies.

Springs having the same material and geometrical properties for elliptical type is more

rigid than others types.

illustrated in figures ( 14,15 ,16 ) below , which explore the effect of vibrational mode

frequencies on spring number of turns(n) for constant pitch angle.

between this study and Yildrim

. Increasing diameter of the spring wire (d) will increase spring stiffness and increasing

. Some natural Frequencies are very close to each other for the elliptical type as

. Figure (13) shows comparison of vibrational mode frequencies for Conical spring
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