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Wireless body area network (WBAN) incorporates a wireless sensor network and wearable devices in miniature size. In this paper,
a dual-band microstrip patch (DBMSP) antenna as a sensor with a modified split ring resonator (SRR) and defective ground
structure (DGS) is proposed for muscle mass measurement and prediction. Modified SRR on the ground plane forms a
defected ground structure (DGS) for back radiation reduction and suits muscle mass measurement. The proposed dual-band
microstrip patch antenna resonates at 5.2 GHz and 8.4 GHz, with impedance bandwidth of about 0.9 GHz and 1.89 GHz, input
reflection coefficient is about -21.12dB and -14.5 dB, respectively. This DBMSP antenna has an efficiency of 99.9%, with a
negligible amount of specific absorption rate (SAR). From the proposed DBMSP antenna sensor, muscle mass is predicted
from human muscle. The proposed antenna is fixed on the ventral surface of the forearm and biceps. DBMSP antenna sensor
detects electromagnetic energy from muscle tissues under radiating near-field conditions. The muscle tissue signal is acquired
through the proposed DBMSP antenna. The acquired antenna process with nondecimated wavelet transform (NDWT) and
discrete wavelet transform (DWT) algorithms for noise reduction. Further, early prediction of muscle mass prevents humans
from lack of protein and oxygen levels in the blood and avoids major issues in human health. The proposed DBMSP antenna-

based muscle mass measurement achieves 89% accuracy when compared with laboratory measurement.

1. Introduction

Wireless body area network (WBAN) has widened due to
the growth in wireless sensor networks and low-power
devices. Low-power controllers and devices lead to portabil-
ity, flexibility, and mobility in wearable devices. WBAN is
used for instance remote patient monitoring, biofeedback,
smartwatches, and bags for health monitoring [1-3].WBAN
is used for different health monitoring on daily basis, such as
heart rate, temperature, blood pressure, electrocardiogram
(ECQG) signals, etc., and nonmedical applications [4, 5]. In
WBAN, antennas are low cost, lightweight, and maintenance
free. Wearable antenna design should be of low radiation
efficiency. Moreover, body-centric wireless communication
systems (BWCS) are classified as on body, off body, and
in-body/implanted communications [6-8]. End-fire planar

Yagi-Uda’s antenna with AMC as a back reflector provides
higher efficiency and low SAR with better impedance match-
ing [9]. Circularly polarized antennas made of polydimethyl-
siloxane (PDMS) and silver nanowire (AgNW) are analyzed
in the human body for structural deformation conditions
[10]. A planar broadband antenna is integrated with an artifi-
cial magnetic conductor and provides low backward radiation
smaller in size, with low SAR, high front-to-back ratio, and
high gain, which are suitable for wireless body area applica-
tions [11]. A compact double circular ring, wider bandwidth
and smaller size antenna, is designed for UWB biomedical
application [12, 13]. Circularly polarized implantable antenna
loaded with complementary split ring resonators (CSRR) for
real-time glucose monitoring is presented and provides high
gain, wide beam width, and low SAR [14]. Metasurface-
based antenna improves the radiation characteristics and
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energy absorption from the human tissue. Furthermore, low
SAR and high front-to-back ratio are suitable for body area
wearable applications [15].

Muscle mass is about the muscles in human body, which
consists of skeletal muscles, smooth muscles, and cardiac mus-
cles. Muscle mass is measured as a part with other mass such
as fat and bone mass. Skeletal muscle is about muscle fibers.
Single muscle cell is bounded and wrapped with connective
tissues and termed as epimysium. Approximately, 20 to 80
muscle fibers together form as fascicle. Human muscles are
differentiated by the connective tissues outside the epimysium,
and termed as fascia. Tendons join the muscles to the human
bone. Body mass has various components such as body fat and
lean body mass. Muscle mass plays a vital role for different
human activities such as mobility, balance, and strength.
Muscle mass measurement in human body is difficult due to
different factors such as height, ethnicity, and fitness. Novel
method is required for the human muscle mass of persons at
different age groups. Muscle mass reduction is caused due to
increase in degradation and decrease in synthesis of the
human muscle proteins. The outcome of muscle mass reduc-
tion leads to change in the structure of muscle fibers [16-21].

Muscle mass is diagnosed using heterogeneous diagnos-
tic criteria. Muscle mass is assessed either/both quantita-
tively and qualitatively. Earlier detection of skeletal muscle
mass measurement prevents metabolic side effects such as
diabetes, depression, abnormal cholesterol levels, and weight
gain. The major disadvantage of existing muscle mass
measurement method is the long exposure of radiation on
the human body. In DXA-based muscle mass measurement,
radiation dose changes over the different locations of the
human muscle region and leads to inaccurate measurement.
Measurements of skeletal muscle mass using body fat per-
centages are approximate and unreliable. The precise muscle
mass measurement never determined through human body
diameter and composition. However, lean mass is assessed
based on the height of a person and not qualitatively from
the human muscle. In this paper, noninvasive technique
for predicting muscle mass is performed through the passive
flexible UWB-myogram antenna sensor signals. Myogram
antenna acquires muscle dielectric radiation from various
muscle locations of human body.

(i) To develop passive flexible dual-band microstrip
patch (DBMSP) antenna as sensor and fixed the
antenna on the muscle surface of human body for
acquiring the dielectric radiation from muscle for
muscle mass measurement

(ii) To denoised the signals from antenna through
DWT and NDWT algorithms for measurement of
human muscle mass

(iii) The structural alternation in any skeletal muscle
surface leads to change in the dielectric property
of muscle at that particular location; changes are
seen in the antenna acquired muscle radiation sig-
nal. Linear regression is modelled and proposed
for the human muscle mass measurement
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2. Literature Survey

Different types of antenna are used as sensor in biomedical
applications. Microstrip patch antenna is widely used in
wireless applications due to low profile, low cost, reduced
fabrication complexity, and lightweight and simple architec-
ture [22, 23]. Microstrip antenna has unidirectional radiation
pattern and low specific absorption rate (SAR), which is
required for biomedical applications. Microstrip antennas
have very narrow bandwidth, which is a function of the
dielectric constant of substrate and substrate thickness. This
leads to focus on substrate selection during the process of
antenna design [24, 25]. Dual band textile antenna based
on artificial magnetic conductor (AMC) is tested for specific
absorption rate (SAR). From testing, AMC structured
antenna has SAR, whereas the size of the antenna is big i.e.,
(120 mm x 120 mm) [26, 27]. A compact monopole antenna
made with Kapton polyimide as substrate with a dielectric
constant of 3.5 and loss tangent of slotted AMC ground plane
is about 0.002 and designed for telemedicine applications
with an operating frequency of 2.45 GHz. The SAR value is
low of about 64%, when compared to the similar shape of
antennas without AMC. From the analysis, return loss and
shift in resonant frequency are low [28-30]. A wearable
antenna operating at 700 MHz is designed with polycarbon-
ate substrate and with AMC as 2*2 arrays at the base and
has return loss (S;,) of about -25 dB, gain of about 3.7 dBi, effi-
ciency of about 50%, and the size antenna is big ie,
(60 mm*60 mm) [31, 32]. A folded dipole antenna with AMC
as a ground plane has the low SAR and impedance mismatch-
ing due to the nearness of human body tissues are reduced 33,
34]. The performance metrics of a square shaped SRR antenna
are compared with a square shaped closed ring resonator
(CRR) microstrip antenna. The squared SRR antenna has a
gain of about 8.9 dB, efficiency of about 97.75%, and SAR of
about 0.163 W/Kg. SRR antenna outperforms the CRR antenna
[35]. A miniaturized UWB slot antenna with tuneable fre-
quency, reconfigurable structure based on S-shaped split ring
resonators (S-SRRs), is designed using CSRR [36-38].

Smaller size antenna is the foremost requirement in bio-
medical applications. The problems due to reduction patch
size in antenna degrade the efficiency, bandwidth, gain,
and swing in resonant frequency. Henceforth, researchers
focus on small size antenna and with better performance
for biomedical application. In this paper, circular shape dou-
ble ring patch antenna is designed with a square-shaped
double split ring resonator (SRR) with defective ground
structure (DGS) loaded on the ground surface and operates
at the frequency of 5.2 GHz. The proposed patch antenna
is smaller in size, and Arlon is used as the substrate material,
which has a relative permittivity of 10.2.The main objective
of this proposed antenna design is high gain and directivity,
which in turn increases the radiation efficiency of the
antenna and minimizes the size.

3. Design and Structure of DBMSP Antenna

The proposed DBMSP antenna sensor consists of dual band
antenna geometry. The DBMSP antenna consists of two



Journal of Sensors

21.46

(a)

24.6

(b)

FIGURE 1: DBMSP antenna sensor geometry. (a) Top view. (b) Bottom view.
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FiGURrE 2: Simulated and measured reflection coefficient in dB of DBMSP antenna sensor.

hollow rings with four strips (i.e., wheel shape) connected to
a T-shaped feed and has a modified SRR-shaped ground
plane as shown in Figure 1. DBMSP antenna sensor geome-
try shown in Figures 1(a) and 1(b), respectively. The size of
the substrate is about 21.4624.6*1.6. In Figure 1(a), micro-
strip line feed is connected to the edge of the radiating patch
and leads to impedance mismatch and solved through stubs.
Stubs are widely used for reducing impedance mismatch. It
is positioned at a distance, so the real part of admittance is
in unity. The length of the stub is 7.6 mm, and the width
of the stub is 4mm. A closed ring resonator is on the patch,
which acts as radiator. To increase the performance of the
proposed DBMSP antenna sensor, inductance slots are inte-
grated into the patch. The radius of the patch is r; =7.5mm
and r, =3vmm, and the width of the inductance slot is

I mm. Furthermore, air holes are drilled on the antenna,
avoids the spurious radiations, when antenna is close to
the human body, and achieves circular polarization. Arlon
is used as the substrate material because of its high dielectric
radiation absorption and helps in reducing the size, low
insertion loss, inexpensive, light in weight, and offers robust-
ness. Therefore, Arlon material suits for low impedance. The
radiation from the antenna is in positive and negative z-axis.

Metamaterial is used at the bottom of the substrate and
reduces the back radiations. It provides protection to the
underlying tissues. Metamaterial observes the human body
muscle dielectric material radiation. Metamaterial has
extraordinary properties such as negative permittivity, per-
meability, and refractive index. Metamaterial is composed
of a metallic wire array and split ring resonator. Split ring



dB (Gain total)

0
5 Theta (Deg)

Journal of Sensors

25 -
Min: -24.5 T,

120

5 dB (Gain total)

(a) At 5.2 GHz
dB (Gain total)

. -10.0

-12.5
-15.0
-17.5

-20.0
Min: -17.7

(b) At 8.84 GHz

FIGURE 3: Radiation pattern of DBMSP antenna sensor.

resonator is a LC circuit. When dielectric radiation from
human muscles is perpendicular to the split ring resonator,
current will be induced in the DBMSP antenna. Due to the
splits in the circuit, current flow charges developed in the
gap and the energy will be stored in capacitance. For fre-
quencies below the resonant frequency, split ring resonator
keeps the magnetic field and provides a positive response.
As the frequency increases, SRR never keeps the H field;
thereby, negative response is produced. Figure 2 shows the
frequency bandwidth range and reflection coefficient of sim-

ulated DBMSP antenna and compared with measured values
from fabricated antenna, closely matches with simulated and
fabricated result. A reflection coefficient of below -24dB
indicates the 1% of reflection and 99% of power.

Due to the modified SRR structure with holes and DGS
at the ground plane of antenna, the lower back radiation is
observed and shown in Figure 3.

Figure 4 shows the current distribution at two different res-
onant frequencies. From the results, it is observed that the con-
centration of current is high at the feed and circular ring region.
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FIGURE 4: DBMSP antenna sensor current distribution at (a) 5.2 GHz, (b) 8.4 GHz, (¢) gain plot, and (d) SAR.

Figure 5 shows the block diagram of DBMSP antenna
sensor to diagnose muscle mass from ventral surface of
forearm. The relationship between Gain and Efficiency is
G = efficiency*directivity. Since gain and directivity has
similar values, the efficiency is improved of about 99.9%,
and efficiency = G/D. SAR value of the MIMO smartphone
on human tissue is evaluated at different frequencies such

as 3.5GHz and 5.1 GHz [30]. To overcome the high SAR
value, a modified split ring resonator with DGS is included
at the base of the DBMSP for muscle mass predication.
This DGS avoids spurious radiations and increases the
performance of the antenna. The DBMSP antenna simula-
tion is done using high frequency structure simulator
(HEFSS) software. Figure 5 shows the protein measurement
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FIGURE 5: Passive DBMSP antenna sensor to diagnose muscle mass from ventral surface of forearm.

and correlated with laboratory values and diagnosed the
muscle mass disease.

In method I, protein in the human blood is measured
from blood sample in the test tube and added protein dissol-
vent in the test tube for biuret reaction, measured the protein
value through analysers. In method II, the proposed DBMSP
antenna is placed over the test tube, which contains the violet
“biuret” complex protein and acquired the dielectric radia-
tions of protein. The DBMSP acquired signals are save in
computer using data acquisition toolbox of MATLAB soft-
ware. In method III, the proposed DBMSP antenna sensor
is fixed on the ventral surface of forearm muscle and mea-
sured the protein in the muscle through DBMSP acquired
signals. The acquired signals are saved using MATLAB.
DBMSP acquired signals from method II (test tube) and
method IIT (human forearm muscle) are filtered using blind
source separation such as nonnegative matrix factorization
(NMF) method. The filtered signals are then processed with
DWT and NDWT. Then, statistical values from DWT and
NDWT processed signals are correlated with the machine
learning algorithm such as linear regression for prediction
of muscle mass.

3.1. Discrete Wavelet Transform (DWT). The discrete wave-
let transform (DWT) divides a signal into many sets. DWT
transform is used to denoise the real signal. DWT breaks
down an original signal, eliminates noise, and decomposes
the signal.

o0

o)=Y (-D'ay xp2x-k), (1)

k=—c0

where N is an even integer, a and k define scaling func-
tions, and ¥ is a wave function. DWT algorithm detects the

fine structure in the signal. In muscle mass monitoring,
DWT method is used to analyse the muscle mass signals.
DWT is noninvariant, sensitive to signal time alignment.

3.2. NDWT. NDWT is a type of wavelet transform that
addresses the shortcomings of DWT. In NDWT decomposi-
tion, signals are divided into many frequency bands. After
removing the downsamplers from NDWT, there is no lack of
translation invariance. The fundamental disadvantage of
DWT is translation invariance. NDWT is a redundant method,
which has same level of output samples as the input. Signal
denoising, pattern identification, brain picture/classification,
and diseased brain detection are few applications for NDWT.
Denoising is the primary goal of NDWT.

4. Results and Discussion

The proposed DBMSP antenna design is with modified SRR
and DGS, simulated using HFSS, and the performance of the
antenna signal is analysed with histogram. Table 1 shows the
output of DWT algorithm.

Table 1 shows the histogram outputs such as original
histogram, synthesized histogram, approximation histo-
gram, details histogram, and compressed signal with signals
of five different patients (male) at different ages such as 17 of
age, 21 of age, 33 of age, 35 of age, and 38 of age. Figure 6
shows the output of denoised signals for DWT and NDWT.

Figure 6 shows the denoised signal of different aged per-
sons after processed with DWT and NDWT algorithms.
NDWT has noise compared to DWT algorithm. The mean
value of DBMSP antenna sensor signal is obtained after
processing with NDWT method and used for muscle mass
measurement with linear regression. Table 2 shows com-
parison of signals based on statistical parameters for 17 to
38 aged patients.
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FIGURE 6: Denoised output of DWT and NDWT algorithms DBMSP antenna sensor signals.

Table 2 shows the average values of peak amplitude,
mean, and standard deviation of people with different gen-
der and persons with age between 17 and 38 years. Table 1
displays the male protein levels with respect to the protein
measurement from medical laboratory. The mean value of
signal is high due to muscle thickness and wider distribution
of tissues in young age. The same is validated through max-
imum radiation of the signals acquired by proposed DBMSP
antenna sensor from muscles, and the corresponding voltage

signals show the increase. From Table 2, the inference is that
the person with low protein has highest peak amplitude and
mean value after processing with NDWT, whereas the per-
son with high protein has lowest peak amplitude and low
mean value. Figure 7 shows the output of linear regression.

In Figure 7(a), linear regression is plotted between
mean value of DBMSP antenna sensor signal processed
with NDWT and medical laboratory value of protein.
Figure 7(b) shows the residual plot. Linear regression gives
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TaBLE 2: Comparison of DBMSP antenna sensor signals and parameters for 17 to 38 years patients.

Patient age male/female ~ Antenna location for acquiring signal ~ Signal (mV)  Mean SD Laboratory protein value (g/dL)
Test tube 145 189 16.2
17 years Bicep-long heads 143 96 15.4 8.5 (medium)
Ventral surface of forearm 132 89 16.5
Test tube 173 274 16.1
21 years Bicep-long heads 145 89 14.6 8.6
Ventral surface of forearm 150 98 15.3
Test tube 150 96 15.5
33 years Bicep-long heads 142 100 14.7 8.4 (low)
Ventral surface of forearm 137 104 13.9
Test tube 150 178 15.6
35 years Bicep-long heads 132 87 16.5 8.7
Ventral surface of forearm 164 96 14.3
Test tube 140 167 14.6
38 years Bicep-long heads 139 81 13.3 8.8 (high)
Ventral surface of forearm 129 89 15.6
8
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(a) Regression plot (b) Residual plot
FIGURE 7: Linear regression of proposed DBMSP antenna signal.
TaBLE 3: Comparison of DBMSP antenna sensor and traditional method.
Method Reproducibility Time of measurement Radiation (m rem) Cost
DXA [32] 3% 10-20 min. 0.5 High
BIA [33] 3% (62) 1 min. 0 Low
CT [35] <2% 10 sec. 200 High
MRI [34] 3% 1-10 min. 0 High
Proposed algorithm (DBMSP) <1% <1 min. 0.1 Very high

high accuracy compared to other methods. The accuracy
calculated from regression.

Lab value of muscle mass = 0.0598 * mean - 4.444.  (2)

The regression analysis predicts and investigates the rela-
tionship between a dependent (laboratory protein value) and

independent variable such as mean value of skeletal muscle
from biceps or ventral surface. Regression modeling tech-
nique is applied for forecasting, time series modelling, and
finding the causal effect relationship between the variables.
Here, laboratory protein value and mean value of skeletal
muscle from biceps or ventral surface were used for muscle
mass predictions. Linear regression establishes a relationship
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based on best-fit regression line. This linear equation gives R
-squared value of 0.857. The average of the R-squared value
proves muscle mass measurement has high performance.
Table 3 shows comparison of proposed method with tradi-
tional methods.

5. Conclusion

This paper presents a DBMSP antenna sensor with modified
SRR and DGS structure for human muscle mass prediction.
The performance of the proposed DBMSP antenna sensor
configuration is analysed and compared with various
antenna configurations for muscle mass prediction. The
proposed DBMSP antenna sensor signal processed with
NDWT shows better accuracy in prediction of muscle mass.
The comparison of performance metrics elucidates that the
designed antenna outperforms all other configurations and
yields higher gain, efficiency of about 99% and SAR of about
0.001 W/Kg. The results clearly communicate that the pro-
posed DBMSP antenna sensor with modified SRR and
DGS is suitable for muscle mass prediction. From the pre-
diction equation, a protein value of less than eight represents
the normal muscle mass, and below seven indicates abnor-
mal condition. The proposed method of muscle mass disease
identification is applied for 17 to 38 of age group people and
compared with their medical laboratory values. The pro-
posed DBMSP antenna sensor-based muscle mass predic-
tion has accuracy of 89%, when compared to muscle mass
prediction through protein value from laboratory method.
Moreover, the DBMSP antenna sensor-based muscle mass
prediction avoids the picking of blood from person for mus-
cle mass measurement. Moreover, region wise muscle mass
measurement i.e., each part can be done through proposed
DBMSP antenna sensor-based method. Furthermore, the
proposed DBMSP antenna sensor-based muscle mass pre-
diction can be applied for the senior citizens.
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