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Abstract

Luo converters are used in various application because of low ripple, high voltage gain with less number of components. In the literature Luo
converter was analysed for voltage gain, output voltage control etc. but the stability of the third order system was not analysed. In this paper
the stability was analysed by root locus method. Initially the state space modelling was applied by considering input current as the output
vector and the input to output transfer function is obtained. The transfer function reveals that the third order system falls under the category of
marginally stable system. In order to bring it in to a stable system a PID controller was designed for the third order system. The performance
of the PID system for the third order system was compared with that of the transfer function when it was split in to first order and second
order transfer function. For the marginally stable second order transfer function a PID controller, lead compensator and notch filter was
designed. The split transfer function performance of lead, notch filter was compared with the PID of the third order system.

Key words: Luo converter, state space averaging, root locus, transfer function, PID controller, Lead compensator, notch filter

1. Introduction

The combination of textile and wearable antenna properties are
called softwear antenna, patch in planar structure, flexible in 2D can
bend simultaneously along 2 planes, optimized in proximity to
human body substantiate to attachment surfaces [13]. Softwear Patch
antennas are reduced cost, with low profile and are easily fabricated
which uses soft substrate and ground plane in two dimension and
flexible [19]. They are mostly used at microwave frequencies
[14].Antenna engineers were able to expand designs based on
individual specifications and requirements before the evolution of
portable wireless devices and mobile handsets.The modern
prominence plummeting the size, improved power efficiency and
summit FCC Requirements for mobile handset are some of the
additional imperative rudiments of the antenna design. The
efficiency of the antenna and controlling SAR are the main factors
focusing in this investigation. The present research analyze the
performance of a single antenna with different substrates having slot
patch in free space and also in the presence of the human head
model, Further Specific Absorption Rate has been depicted for
various distance and location when this antenna is used in mobile
phones, wearable electronics and headsets. [4,5,7] Proposed a
Ground Plane Effects on SAR for Human Head Model Exposed to a
Dual-Band PIFAfound the effects of ground plane on the Specific
absorption rate (SAR) in SAM head model exposed PIFA antenna.
The dual-band PIFA working at 900 MHz and 1800 MHz was

designed to operate with a ground plane. Systematic biases on SAR
in SAM head model resulting from shape effect of the ground was
investigated as both the average SAR over a mass of 1g and 10g in
the head models exposed to a dual band PIFA were determined [16].
The variations of 1g averaged SAR and 10g averaged SAR have
been calculated, the ground size has significant influence on SAR in
head model when ground plane size L<0.8A, and it has little effect
on SAR in head model when L>0.8% When the radiator interacts
near to head model, a change in the resonant frequency was
observed. SAM head model provided only a conservative estimation
in peak spatial-average SAR for mobile phones. Different soft textile
materials have been compared for wearable applications [2, 6].

In addition, the cases of using cellular phones in enclosed areas
were studied. Moreover, the effect of distance between source and
head model was investigated. At the same levels of radiated power,
SAR levels in the tissues are less than the safety limit
recommendations, except in skin and CSF tissues. The effect of age
on dielectric properties of tissues, and head size in SAR
measurement was studied [1]. The results show a very small
difference in temperature elevation because of age. For children,
temperature increases by ~2% than adults’. This means that the
dielectric properties for the child head models do not significantly
affect the temperature elevation [17]. This could be explained as a
cancellation of the increased conductivity and decreased electric
field penetrating into the tissue [11, 12]. It is found that the induced
temperature elevation in the brain never exceeds 0.48C. This value is
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well below the threshold for the induction of adverse thermal effects
to the neurons.SAR values were compared for 3D head models [3].
Since the dielectric permittivity of the soft textile substrate is much
less than the hard substrate, designing an antenna over those
substrates and making them work on par with hard substrates is
much more challenging. The antenna design on the patch and the
ground is kept constant and various substrates and antenna
parameters were introduced and compared. The main objective
behind choosing four different substrates is based on the fact that
these substrates represent different range of dielectric permittivity
such as Velcro represents low level dielectric permittivity 1.34 and
Fleece and Polystyrene Foam represents much lower dielectric
permittivity 1.17, 1.02 respectively. Rogers Duroid RT5880
represents higher level dielectric permittivity (2.2). Since four
different substrates of varying dielectric permittivity were used, an
optimum substrate thickness for each substrate is considered for
designing the proposed patch [20].

Various antenna parameters such as radiation pattern, VSWR, gain,
directivity which describes various aspect of the designed antenna
were obtained. These parameters are then recorded which in turn is
used for further analysis. Then the tabulated parameters are
compared with parameters obtained from other substrates. In order
to reduce the SAR, it is essential to bring changes in the antenna
current distribution which is achieved by introducing two large
rectangular box slots and an elliptical slot in the ground plane of the
antenna. Similarly, slots were also set in the radiating patch but two
strip slots and a rectangular box slot each of which are designed in
the same length. The occurrence of the health risk caused by
wearable devices due to absorption of thermal power on the human
tissue should be investigated. The proposed antenna was then
oriented on the left and right human head model also it was placed at
a distance, where a separation ofA distance was maintained and
observations were made for further analysis. Below Figure.1.shows
the human head model analysis.

The Industrial, Scientific and Medical (ISM) bands are radio
bands reserved internationally for the use of radio frequency (RF)
energy for industrial, scientific and medical purpose other than
telecommunication.
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Fig. 1:. Human Head model analysis process

The proposed softwear patch antenna is operational in 5.72-5.82
GHz as per worldwide ISM band. These bands are used in low
power communication systems and medical application. Proposed
antenna plays a crucial role in Body Centric Wireless
Communications (BCWN) and Wireless Body Area network
(WBAN) application [18].

2. li.Softwear Antenna Specification

Tablel: .Softwear antenna Design Specification

Design Parameters | Rogers Velcro Fleece Polystyrene
Rt/Duroid Foam
5880

Dielectric constant | 2.2 1.34 1.17 1.02

Scaling 15 1.7 1.74 1.82

Factor(units)

Patch Size Along 30.67 34.76 35.58 37.21

X Axis(mm)

Patch Size Along 24.75 28.05 28.71 30.03

Y Axis(mm)

Substrate Size 60.15 68.17 69.774 72.982

Along X

Axis(mm)

Substrate Size 75.61 85.69 87.71 91.74

Along Y

Axis(mm)

Substrate 2.3622 2.67 2.677 2.866

Thickness(mm)

Inset 7.56 8.56 8.76 9.17

Distance(mm)

Inset Gap(mm) 3.63 4.12 4.22 4.41

Feed Width(mm) 7.27 8.248 8.44 8.83

Feed Length(mm) 25.62 28.84 29.50 30.85

The design specification of the proposed softwear patch antenna has
been shown in above table: 1.Substrates like Rogers, Velcro, Fleece,
polystyrene foam has been introduced and the Performances of the
proposed antenna has been shown below
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Fig. 2: Proposed Softwear antenna

Above Figure.2. (a, b) shows the design of the proposed softwear
patch antenna using HFSS.
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Fig.3:.Simulated S;; in free space for various substrates
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Figure.3 shows the S;; parameter of the proposed antenna. Below
Figure.4 shows the SAR, temperature and E, H fields of theantenna
on different substrates.

Fig.4:.: Simulated Results of SAR, Temperature, E-Field &
H-field

Since the Slotted softwear Patchantenna on all four substrates has a
return loss value less than-10dB at 5.8GHz, it is clearly evident that
the Polystyrene Foam has the highest Return loss value which means
only a negligible power is lost.
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Fig.5:.VSWR of softwear antenna on differentSubstrates

Higher the VSWR means higher the reflection coefficient which
causes maximum reflection loss. VSWR incorporates insertion
loss as well. Above Fig:5. Illustrate the comparison graph, it is
concluded that the VSWR of softwear antenna on Polystyrene
Foam shows the best figures of 1.0680 and the VSWR of
Rectangular Patch in Rogers Duroid RT 5880 shows highest
VSWR 0f1.2515.

Radiation Patiem 1

( \1"

Fig.6:.Radiation pattern Comparison of softwear antenna
on different substrates

As the graph Fig.6.Indicates, almost all the substrates are having
the same identical Radiation pattern. AboveFig: 6.shows the
Radiation pattern on different substrates,theidentical pattern
obtained here is a Bi-directional Radiation obtained along the 0
degree and -180 degree respectively. Bycomparing, it is clearly
evident that the magnitude of the Radiation pattern of Polystyrene
Foam is higher than other substrates respectively.

Fig. 7:.Variation in Gain of softwear antenna on different

In this proposed antenna on Polystyrene Foam i

In Fig: 7 shows the highest antenna gain of 6.4095 dB whereas
in Rogers, Duroid shows the lowest antenna gain of 2.8184 dB.
The antenna gain of Rectangular Patch on Velcro and Fleece is
6.0542 dB and 6.4058 dB respectively. An antenna that radiates
equally in all directions would have effectively zero
directionality, and the directivity of this type of antenna would
be 0dB. Increased directivity implies a more focused or directed
antenna.

XY Plot 3 Futch drtsma gty foam &

Fig.8:. Directivity of softwear antenna on different substrates
performance

Directivity of patch antenna ranges from 2 to 10dB. Here the
softwear antenna on Polystyrene Foam in Fig: 8 shows the
highest directivity value of 6.3542 dB on Rogers,Duroid
substrate shows the lowest directivity of 2.7803 dB. Even Velcro
and Fleece show good directivity values in the order of about 6
dB.

Table 2: Comparison of the various parametric Observations of the softwear
antenna for different substrates

Antenna Parameters | Rogers Velcro Fleece Polystyrene
Rt/Duroid Foam
5880
Working 5.8 5.8 5.8 5.8
(Dual)Frequency
(GHz) 8 7.7 7.7 8
Return Loss(dB) -17 -17 -17 -17
-19 -19 -29 -29
Gain(dB) 6.13 6.88 6.99 6.70
Directivity(dB) 6.09 6.97 7.01 6.64
VSWR 1.30 1.22 1.07 1.06
SAR(W/kg) 0.60 0.76 0.57 0.01
Mismatch Loss 0.08 0.04 0 0
Reflection 0.13 0.1 0.03 0.03
Coefficient
E-Field(\VV/m) 962.92 475.29 408.93 393.68
H-Field(A/m) 4527 6.151 6.935 4.016
Z0 Input 16.37 20.49 21.33 23.09
Impedance(Q)
Dielectric Constant 2.2 1.34 1.17 1.02
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Designed softwear antenna was kept constant and various parametric
observations for different substrates were obtained and were
tabulated in the above table .2.

3. Assortment Techniques in Reduction of SAR

Reducing the electric and magnetic field of the softwear antenna will
effect to reduce the value of SAR in human head that can be made
by using the RF shield. SAR can also be reduced by changing in the
antenna surface current distribution, using suitable Metamaterialalso
by changing the antenna physical structure or feeding network. By
bringing changes in the radiation edges or by introducing geometric
changes such as embedding slots, SAR can be reduced effectively.
Aslot is being introduced, then there is a significant difference in the
antenna performance, the size of the slot differs,or small slots are
introduced in the antenna structure, it improves the gain and
directivity of the antenna but there was also an increase in the SAR
value which most of the times surpass the SAR limit to above 1.6
W/Kg. When bigger slots are introduced in the antenna structure
although there was a slight drop in the peak gain and directivity,
there was a significant drop in the SAR value which exceeds the

country limit which leads to unbearable radiations, which affects
health of the human head.
SARx v, 2) ZW(WIKQ) 3)

p(XY,Z)

E = root mean square value of the E-Field, (Volt/m), ¢ =
conductivity of the head (Siemens/m) and p= mass density of the
head (Kg/m3)

o|Ex?|

SAR= - 4)

Where ¢ is the conductivity of the tissue S/m
p is the density and E, is the tissue rmselectric field strength

Maximum value of SAR (X, Y, Z) for the whole head model is
obtained as shown in equation (3)Specific absorption rate is
computed from the induced electric field strength, electrical
conductivity of the medium and the mass density. The amount of RF
power engrossed in a unit mass of human body tissue, measured in
watts per kilogram. It can be calculated by integrating over a specific
volume.SARlimit is varied in different countries based on
standardization. The physical quantity of SAR causes heating of
tissues due to RF exposure a bioheat equation solves temperature
elevation and timing effect exposure, Penne’s[3] projected a model
for blood perfusion within the tissues which is given in the below
expression

Co(2)p(2) POk @V T(2)+p(2)SAR(D)-B)(T@YT,)  (5)
WhereC,is the specificheat intissue, thermal conductivity, T, is the
blood temperature is the tissue temperature is related to blood
perfusion. The geometrical parameters and thermal properties the
heating device which is connected externally should be considered
for SAR distribution. Moreover the size of the head the Fresnel zone
and Fraunhoferzone around the head also considered. In general, in

the adjacent region is reactive field E and Fields are 90° out of phase
commonly given as R< 0.62 DTS Fresnel region lies between near

and far field ,shape of the pattern may vary with distance given as

2
0.62 \/% <R< % therefore a compact size antenna is needed to

reduce SAR.This softwear patch antenna with slots will reduce SAR,
the efficiency of this proposed antenna is more effective and SAR is
reduced by placing it on various positions and gap excitement is
maintained for various distances, as distance varies SAR is also
varied accordingly. Also SAR is reduced when the antenna is placed
on left ear. Hence this antenna is well suited for other wearable
devices also.

4. Analysis of Placing the Softwear Antenna in
Different Positions of Human Head Phantom
Model

Fig. 10:. Softwear Antenna positioned on Right ear

Figure.9, 10, 11 shows the different positions on the human head
model analysis when the softwear antenna was placed on various
positions including Right ear, Left earand Occipitalpositions.
Polystyrene foam and Fleece are the soft substrate material which
gives better performance over other substrates. This gives the
flexibility and can bend concurrently along two planes and
optimized in propinquity to human head.

Fig. 11:.Antenna placed on Occipital position

It is clearly seen that when the antenna is brought near the human
head there is a significant change in the antenna performance. Below
table shows the change in performance of the antenna after placing
the softwear antenna on the human head phantom model.
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Table 3:.Performance of the softwear antenna after placement on human
head phantom model in different positions

Antenn | Operating Peak E- H- SAR(W/ | VS

a Frequency( | Gain(d | field(V/ | field(A/ | Kg) WR

placem | GHz) B) m) m)

ent on

Left 5.8 6.8950 | 5758 39.29 0.5804 1.08

Ear & 24
44

Right 5.8 6.8950 | 5749 39.27 0.5930 1.08

Ear & 24
44

On 5.6 7.0516 | 5202 55.88 1.5397 0.94

Occipit 1

tal

positio

n

Above table .3.shows the change in antenna performance after
placing on human head phantom model. The simulation result shows
the variation in working frequency when it is placed very near to the
phantom model. Similarly other parameters like VSWR, gain, have
been changed which shows the on body and free space performance.
Also, it is noted that their exist a small difference in the value of
SAR between Left ear, right ear respectively. It states, that the SAR
value obtained at the left ear is slightly less than the SAR value
obtained at the right ear. Hence reduction in SAR is given as SAR
reduction factor,

SRF:Pabsorbed_ Paissipated (6)

Pabsorbed

It can be concluded that it is safer to use this softwear antenna, when
it is used in mobile or any other wearable electronics at the left ear
rather than keeping it in right ear.

5. Orientation of Antenna with Various
Distances

[\

200 (mm)

Fig. 12:. Antenna placement at a gap excitement of 4mm
from the head model

Fig. 13:. Antenna placement at a gap excitement of 6mm
from the head model

Fig. 14 : Antenna placement at a gap excitement of 8mm from the
head model

An optimum distance between the softwear antenna and the human
head model is shown in Fig.12, 13, 14. In order to avoid the
radiation as much as possible and also to get the antenna working
with an optimum performance.Due to its novel design in softwear
antenna a significant reduction of the Fresnel field is achieved.

XY Plot3

e

Fig. 15:. Distance Analysis between softwear antenna and human head

Figure. 15, 16show the simulated results of Gain, directivity when
positioned in various distances like 4mm, 6mm, and 8mm
respectively.

XY Plot2 Prich vtsra Fogesbisod &

-
L |
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Fig. 16:. Distance Analysis between'softwear antenna and human head
model based onDirectivity

Table4:. Performance Analysis of Antenna when kept at different distance
from the head

Distanc Performance
e Operatin | Gain(dB E- H- SAR VSW
betwee g ) Field(V/m | Field | (W/Kg R
n Frequenc ) (A/m)
softwea y
r (GHz2)
antenna
&head
model

5.8 6.8950 5758 39.29 | 0.5904 | 1.082
4mm

44
6mm 3.4 6.0924 3850 55.24 | 15502 | 0.053
8mm 6 5.8800 3368 63.15 | 1.6599 4.4

1
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Table.3 illustrates, the distance between the softwear antenna and
human skin interaction on the human head model analysis, only at an
optimum distance of 4mm, the antenna is resonating perfectly at
designed frequency of 5.8GHz. At 4mm, the VSWR of the antenna
is only 1.0824 which suggests that there is less reflection loss
respectively.SAR is also reduced at 4 mm distance. Maximum linear

2
dimension D of the proposed antenna satisfies R> %, where R

> D and R> A.in the far field since in the far field at 4mm and 8mm
the field behaves like a plane waves.

Fig.17:.Fabricated softwear Antenna

Fig: 18: Measured S;; of the Proposed Softwear antenna

Fig: 19 :Sy; of the Proposed Softwear antenna

Figure .17. Shows the fabricated softwear antenna. And the
measured Sy; result using Network Analyzer was shown in
figure.18.1t shows the multiband frequencies of5.6GHz & -
13.61dB.Also 5.415GHz & -16.78dB is shown in Figure: 19
respectively. And Figure: 20 shows the voltage standing wave ratio
of the proposed fabricated antenna

Fig: 20: Measured VSWRof the Proposed Softwear antenna

Table5: Measured Result of the proposed Antenna

parameters Simulated Result Measured Result
Working frequency 5.8 GHz 5.6 GHz
8GHz 5.4 GHz
Return Loss -17dB -13.61 dB
-29dB -16.78 dB
VSWR 1.06 1.0

Above Table:5 shows the measured result using Network Analyzer
in whichthe simulated results have been compared with measured
results.

6. Conclusion

A comprehensive investigation has been performed and softwear
patch antennawith an innovative design slots, operating in dual
frequency of various substrates has been analyzed. Inferences
obtained by simulation after placing the antenna close to a high
relative permittivity structure such as human head phantom,
considerable performance changes has been achieved. The amount
of radiation experienced at right ear is slightly more than the left ear
respectively. Human head antenna was alienated the performance
analysis were made and at 4mm distance between antenna and
human head analysis SAR reduction wasachieved. The measured
results are approximately equivalent to its simulated
result. Therefore, thesoft substrate like polystyrene and the distance
maintained between the human head and antenna interface are very
significant in reduction ofSAR and the flexibility needed for any
wearable and mobile applications was achieved by the proposed
antenna.

References

[1] Andrea Schiavoni, paolaBertotto, GabriellaRichiardi “SAR Generated
by Commercial Cellular Phones—Phone Modeling, Head Modeling,
and Measurements” IEEE Trans. Microwave Theory and Techniques,
Vol. 48, no. 11, Nov. 2000.

[2] Ae-kyounglLee,Seon-EuiHong,Jong-Hwa kwon and Hyung-Do
Choi”SAR Comparison of SAM Phantom and Anatomical Head
Models for a Typical Bar-Type phone Model ”IEEE Trans.
onElectromagnetic Compatibility, vol.57, No.5, Oct. 2015.

[3] Aurora Andijar, JaumeAnguera, And CarlesPuente“Ground Plane
Boosters as a Compact Antenna technology For Wireless Handheld
Devices”|EEETrans.Antennasandpropagate, Vol. 59, No. 5, May
2011.

[4] BineetKaur ,” A Study of SAR Pattern in Biological Tissues due to
RF Exposure”, Proc. of 2015.RAECS UIETPanjab University
Chandigarh , December 2015.

[5] S. DayaMurali, B. NarendraMaha Muni, Y. DilipVarma, S.V.S.K
Chaitanya, “Development of wearable antenna with different cotton
textile”, International Journal of Engineering Research and
applications, ISSN: 2248-9622, Vol .4, Issue 7, July ,2014.

[6] Dumitru CAZACU, Constantin, STOICA”On the computation of the
SAR for a 3D human head model using Ansys HFSS” ECAI 2015 -
International Conference — 7th Edition Electronics, Computers and
Artificial Intelligence 25 June -27 June, 2015, Bucharest, ROMANIA.

[7]1 Hrudya. B. Kurup et al ,“A Compact Multi-Band Planar Inverted-F
Antenna with Reduced SAR for Mobile Terminals”, 2014 First
International  Conference on  Computational  Systems and
Communications (ICCSC) | 17-18 December 2014.

[8] Jiunn-Nan Hwang and Fu-ChiarngChen,”Reductionof The Peak SAR
In The Human Head With Metamaterials” |IEEE Trans. On Antennas
and Propagat, Vol. 54, no. 12, Dec 2006.

[9]1 Jun Wang, Lei Zhao, Gen Chen, Yue Wang, and WenhuaYu,“Ground
Plane Effects on SAR for Human Head Model Exposed to a Dual-
Band PIFA”, MTT-S 2015 International Microwave Workshop Series
on RF and Wireless Technologies for Biomedical and Healthcare
Applications (IMWS-BIO), 2015 IEEE.



710 International Journal of Engineering & Technology

[10] M. Mantash, A.C. Tarot, S. Collardey, K. Mahjoubi, “Investigation
of flexible Textile antenna and AMC reflector”, International Journal
of Antenna and Propagat, article ID: 236505, 2012.

[11] Mohd H. Mat1,Fareq Malek1, William G. Whittow,”The Influence Of
Human Head Model Wearing Metal-Frame Spectacles To The
Changes Of SAR And Antenna Gain: Simulation Of Frontal Face
Exposure” Progress In Electromagnetics Research, Vol. 137, 453-473,
2013

[12] Md. Faruk Ali, SudhabinduRay”SAR Analysis In A Spherical
Inhomogeneous Human Head Model Exposed To Radiating Dipole
Antenna For 500 MHz -3 GHz Using FDTD Method” International
Journal Of Microwave And Opt. Technol.Vol.4, No.1, January 2009.

[13] Md. Ikbal Hossaina, M.R. IgbalFaruquea, M. Tariqul Islam,”
Investigation of hand impact on PIFA performances and SAR
inhuman head” Journal of Applied Research and Technology 13
(2015) 447-453.

[14] A.l.Sabbah,N.I1.Dib, M. A. Al-Nimr. “Evaluation of specific
absorption rate and temperature elevation in a multi- layered human
head model exposed to radio frequency radiation using the finite-
difference time domain method”, Published in IET  Microwaves,
Antennas &Propagat,and Journal received on IEEE 2014.

[15] M.Stanczyk J.J.Telega“Modelling of heat transfer in biomechanics-a
review  partl.soft  tissues”Acta  of  Bioengineering  and
Biomechanics,vol.4.n0.1,2002.

[16] Selvakumar, S & Inbarani, Hannah & Mohamed Shakeel, P. (2016). A
hybrid personalized tag recommendations for social E-Learning
system. 9. 1187-1199.

[17] Pennes, H.H.: ‘Analysis of tissue and arterial blood temperatures in
resting forearm’, J. Appl. Physiol., 1948, 1, (2), pp. 93-12..

[18] Peter.S.Hall, Yang Hao. Antennas and propagation for body centric
Wireless communications, 2012, pp.574.

[19] MuhammedShafi. P,Selvakumar.S*, ~Mohamed Shakeel.P, “An
Efficient Optimal Fuzzy C Means (OFCM) Algorithm with Particle
Swarm Optimization (PSO) To Analyze and Predict Crime Data”,
Journal of Advanced Research in Dynamic and Control Systems,
Issue: 06,2018, Pages: 699-707

[20] I.RexilineSheeba and T. Jayanthy,”’Design and Analysis of a Low
Cost, Flexible SoftWear Antenna for an ISM Band Working in
Different Bending Environment “Springer India 2016S.C. Satapathy
et al (eds.), Microelectronics, Electromagnetics  and
Telecommunications, Lecture Notes in Electrical Engineering 372,
DOI 10.1007/978-81-322-2728-1_2.



