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Abstract: This work presents a unique non-invasive method
for monitoring glucose levels in blood using a planar
Yagi-Uda antenna as a microwave sensor. The proposed
antenna, operating at 5.5 GHz, exhibits a directional radia-
tion pattern with a peak gain of 6.74 dBi. A low-cost FR4
material of size 30 mm x 40 mm x 1.6 mm is used as a
dielectric substrate. A human finger phantom, comprising
layers of skin, fat, blood, and bone, is created at 5.5 GHz
in EM simulation tool for mimicking a real human finger.
The finger phantom is positioned at different locations
around the antenna and corresponding frequency shifts
are remarked to a variation in glucose concentration from
0-500 mg/dL. An exemplary frequency shift of maximum
26 MHz is recorded when the phantom is placed at the
bottom of the antenna. Time domain analysis is also carried
out to understand the effect of glucose concentration varia-
tion on the output signal amplitude and delay. Simulated
antenna results are found to be in stupendous agreement
with the measured results. An experiment of placing a real
human finger around the fabricated antenna also presents a
splendid correspondence with the simulated results. Hence,
this mechanism can be expedient for monitoring glucose
levels in blood.
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1 Introduction

Diabetes is one of the major chronic diseases mainly
characterized by very high sugar levels in the blood
during a long time [1,2]. The common method to measure
glucose levels is using finger shrill and glucometer, which
is known as invasive method [3,4]. However, the invasive
methods cause pain to the patient, as each time blood
samples are to be picked. One solution for this problem
is non-invasive method, where microwave filters or
antennas are used to measure the glucose levels in
the blood samples [5-10]. Also, these are prominently
preferred in medical field due to no risk of ionization,
deep penetration, immune to temperature, and other
disturbances [11-16].

A novel microwave sensor was proposed by Jean
et al. [17] and similarly another pressure sensing sensor
was presented in a previous study [18]. Measurement of
glucose levels by calculating dielectric properties using
ring resonator is discussed in an earlier study [19]. Mea-
surement of glucose in the presence of animal tissues
using mm wave measurement techniques was discussed
by Cano-Garcia et al. [20]. Similarly, various novel methods
for calculating glucose concentration in blood samples
more accurately were presented in previous studies [21-27].
Meta-materials also can be used in the detection of glucose
as detailed in an earlier literature [28]. The current state-
of-art-of the research on glucose level monitoring sensors
and the need to develop more sensitive sensors are elabo-
rately presented in the latest review articles [29,30]. In a
previous study [31], a novel coplanar microwave sensor
giving a frequency shift of 1.34 MHz is discussed. In
another study [32], a non-invasive method of finding
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glucose concentration using dielectric resonator is pre-
sented giving a maximum shift of 2.81 kHz only. Mondal
et al. [33] proposed microwave-assisted noninvasive
microfluidic biosensor for monitoring glucose concen-
tration, giving a maximum shift of 62.5 GHz. A novel
method of finding salt and sugar concentrations in
fluids was discussed by Islam et al. [34]. Split ring reso-
nators can also be used to find glucose concentration as
discussed in a previous study [35]. Design and in vitro
interference test of microwave noninvasive blood glu-
cose monitoring sensor with a maximum frequency shift
of 2MHz was discussed in another study [36]. In a pre-
vious study [37], the novel method of determining
glucose concentration using non-invasive method was
developed, where the sensor was integrated in a wrist
watch. Recently, machine learning methods have become
popular in determining the glucose concentration in the
human blood samples [38]. In a previous study [39],
another method of glucose monitoring based on the diffu-
sion limited aggregation earlobe model was studied. Simi-
larly, in another study [40], a novel Hl-shaped antenna
sensor was developed for predicting fluctuating glucose
levels in the blood samples.

The present work handles a way of monitoring glu-
cose levels in blood using a printed Yagi—Uda antenna at
5.5 GHz as a microwave sensor. A human finger phantom
of length 30 mm, height 12 mm, and width 12 mm, com-
prising skin, fat, blood, and bone as layers is created
in EM simulation software for evaluating blood glucose
concentration. Frequency and time domain analyses are
performed to find out the glucose concentration. The main
contribution in the presented work is that the proposed
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Figure 1: The proposed antenna: (a) top view and (b) bottom view.
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microwave sensor is compact in nature and can measure
glucose concentrations with more sensitivity and accuracy.
The size of the sensor is only 30 x 12 mm? All simulations
are carried out using HFSS simulator. Rest of the article is
discussed as follows. Section 2 presents the planar
Yagi-Uda antenna design, study results, modeling of a
finger phantom and associated study on frequency shifts
for different positions of finger model, and various glucose
level concentrations. Section 3 presents the time domain
analysis of the proposed antenna. Section 4 presents the
measured reflection coefficient study in the presence of a
healthy human finger at various positions around the fab-
ricated antenna and also the corresponding frequency shifts
are measured. Section 5 concludes the work.

2 The proposed antenna design
and finger phantom modeling

2.1 Antenna design

The proposed antenna considered for glucose level mon-
itoring in blood is shown in Figure 1. The antenna is a
planar inverted L-shaped Yagi—Uda type with three para-
sitic elements as shown in Figure 1(a). The ground plane
consists of another inverted L-shaped stub as shown in
Figure 1(b). The main idea in taking the Yagi—Uda shape
in the proposed work is to get considerable amount of
field variation surrounding the antenna since each of
the parasitic elements taken on top and bottom of the
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Table 1: Dimensions of the proposed antenna

Parameter Dimension (mm)
L 40
w 30
Ly 2
L, 3.5
L3 8
Ly 10
Ly 4
Lg2 6
Wy 10
W, 11
We 3

antenna can pronounce more variations in the fringing
fields. This field variation changes the effective dielectric
constant of the medium thus giving the frequency shifts.
The obtained frequency shifts are mapped to the varia-
tions in glucose concentration in the blood samples and
thus the changes can be monitored effectively.
Dimensions of various elements are mentioned in
Table 1 and are optimized such that the antenna operates
at 5.5 GHz. The three parasitic elements taken on the top
of the substrate play key role in giving unidirectional
radiation properties with enhanced gain, which is the
main characteristic required for estimating the glucose
level in the finger. Fabricated prototype of the proposed
antenna is shown in Figure 2, where both top and bottom
views of the antenna can be seen. The final dimensions
of the antenna are obtained after performing extensive
simulations on various dimensions of the antenna. The
important parameters considered for parametric analysis

Glucose monitoring in blood =— 3
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Figure 3: Parametric variation: (a) radiating element length (W,) and
(b) ground length (Lgnp)-

Figure 2: Fabricated prototype: (a) top view, (b) bottom view, and (c) anechoic chamber with antenna prototype.
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are the radiating element length (W) and the ground
length (Lgnp) as shown in Figure 3.

From Figure 3(a), it is observed that good resonant
behavior with minimum reflection coefficient is obtained
for the selected length (W,). Similarly, from Figure 3(b), it
is observed that better reflection coefficient values are
obtained for the ground length (Lgyp) of 11 mm and hence
this value is considered in the design of antenna. The
simulated and measured S-parameters of the proposed
antenna are shown in Figure 4. It is observed that the
proposed antenna resonates at 5.5 GHz and the simulated
and measured results are well matched. The simulated
and measured XY & YZ plane radiation patterns are
shown in Figure 5. From the Figure 5, it is observed
that the fabricated antenna gives good directional prop-
erties at 5.5 GHz, which is the desired characteristic for
the antenna to be used for measuring glucose concentra-
tions in finger phantoms. From the obtained radiation
patterns, it is observed that the antenna is directional
towards 90 deg. The 3D radiation pattern of the antenna
shown in Figure 6 also confirms the directional behavior
with a peak gain of 6.74 dBi.

In order to obtain S-parameters and radiation pat-
terns, Vector network analyzer with model name Agilent
N5247A: A.09.90.02 is used. The radiation pattern mea-
surements are carried out in anechoic chamber with
dimensions 11.58 m x 7.29m x 7.36m (interior, with
0.4 m raised floor).

The absorber material has a power handling cap-
ability of 775 W/m? with attenuation of more than 10 dB.
The patterns are measured by keeping the distance between
transmitter and receiver as 1.5 m. The surface current dis-
tribution of the proposed antenna at 5.5 GHz is also shown
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Figure 4: Simulated and measured Sy, (dB) of the proposed antenna.
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Figure 5: Simulated and measured radiation patterns at 5.5 GHz on
(a) XY-plane and (b) YZ-plane.
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Figure 6: 3D-radiation pattern at 5.5 GHz.
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Figure 7: Surface current distribution at 5.5 GHz.
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in Figure 7, from which it is observed that a considerable
amount of current flows on the feed line and patch, making
the antenna a good radiator at this particular frequency.

2.2 Modeling of finger phantom for glucose
concentration monitoring

The main objective of the present research work is to
design an antenna that can measure glucose concentra-
tion variations in the blood of a finger. To achieve this, a
finger phantom model is created in the HFSS as shown in
Figure 8 considering the structure of a real human finger.
Various layers of the finger like skin, fat, blood, and bone
are modeled using dielectric materials of different dielec-
tric constants [29]. The central layer considered is the
bone area of the finger, which is represented with pink
color in Figure 8. Next to bone is the blood in the finger
and is represented with green color. Next to blood is the
fat and is represented with light green color and the last
layer is the skin and is represented with gray color. The
dielectric constant values of various tissues are calculated

(b)

Figure 8: Finger Phantom model: (a) squared cross section and
(b) isometric view.
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Table 2: Dielectric constant, loss tangent, and dimensions of the
antenna at 5.5 GHz

Finger parameters Skin Fat Blood Bone
Dielectric constant value (¢,)  34.5 5 64.5 10
Loss tangent 0.255 0.245 0.375 0.37
Dimension S4 S3 S2 S1

using various models like Debye model or Cole—Cole model
and in general the later model is preferred in many cases. As
per Cole—Cole model, the dielectric constants can be esti-
mated using equation (1) [22].

Ew) = €'c(w) - je"c(w)

e z Agy . _Gi 1)
=1+ (o)W jwe’

where w is the angular frequency, &./(w) is the frequency-
dependent dielectric constant, £.”(w) is the frequency-
dependent dielectric loss, €., is the high frequency
permittivity, Ae, is the magnitude of the dispersion, n
is the order of the Cole-Cole model, a,, is the parameter
that allows for the broadening of the dispersion, o; is the
static ionic conductivity, and T, is the relaxation time
constant. Dielectric constant, conductivity, loss tangent
at 5.5 GHz, and dimensions [32] of various layers of the
finger phantom are given in Table 2.

Table 3: Dielectric constant and conductivity values for different
glucose concentrations

Glucose concentration (mg/dL) 5.5 GHz
& Loss tangent
0 64.5 0.375
125 64.25 0.377
250 64 0.378
500 63.5 0.381

(@) (b)

Figure 9: Phantom placed at the bottom of antenna at 0.5 mm:
(a) side view and (b) slant view.
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Figure 10: (a)-(f) S;;-Parameters for various phantom positions. (a) Phantom at bottom of antenna at 0.5 mm, (b) phantom at bottom of
antenna at 1 mm, (c) phantom at bottom of feed at 0 mm, (d) phantom at top of antenna at 1 mm, (e) phantom at top of antenna at 1.5 mm,

and (f) phantom at top of feed at 1.5 mm.
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Figure 11: (a)-(f) Sensitivity and E-field distributions for phantom at the bottom of antenna at 1 mm. (a) Sensitivity, (b) glucose concen-
tration vs frequency, (c) E-field distribution for 0 mg/dL, (d) E-field distribution for 125 mg/dL, (e) E-field distribution for 250 mg/dL, and (f)

E-field distribution for 500 mg/dL.

The different layers are considered in square shape,
namely, bone layer as S1 of size 4 x 4 mm?, blood layer as
S2 of size 9 x 9 mm?, fat layer as S3 of size 10 x 10 mm?,
skin layer as S3 of size 12 x 12 mm?, and [ = 30 mm.
Dielectric constants and conductivity of the blood for
various glucose concentrations at 5.5 GHz are shown in
Table 3 as considered in the previous study [30]. The
finger phantom is placed at various positions around
the antenna like at bottom of the radiating element,

bottom of the feed line, top of the radiating element,
top of the feed line, and at top of directors. To illustrate,
the case of finger phantom placed at the bottom of the
antenna at 0.5 mm is shown in Figure 9. For each of the
case, the change in reflection coefficient magnitude and
frequency shift is studied by varying the concentration of
glucose levels from 0 to 500 mg/dL in the finger phantom.

In the first case, finger phantom is placed below the
antenna at 0.5 mm with glucose concentration varying
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Table 4: Summary of resonant frequencies for various finger positions
Position of finger phantom Glucose concentration
0mg/dL 125 mg/dL 250 mg/dL 500 mg/dL

fr (GHz) Su (dB) fr (GHz) Su (dB) fr (GHz) Su (dB) fr (GHz) S1 (dB)
Bottom of antenna at 0.5 mm 5.524 -13.225 5.530 -13.242 5.533 -13.192 5.537 -13.178
Bottom of antenna at 1 mm 5.749 -15.241 5.754 -15.258 5.759 -15.160 5.785 -14.75
Bottom of feed at 0 mm 5.496 -20.284 5.496 —-20.156 5.496 -20.156 5.496 -20.584
Top of antenna 1 mm 5.811 -19.189 5.813 -19.277 5.814 -19.340 5.815 -19.262
Top of antenna at 1.5 mm 5.901 -20.206 5.903 -20.270 5.904 -20.233 5.908 —-20.286
Top of feed at 1.5 mm 5.698 —-23.849 5.702 —-23.654 5.702 -23.599 5.710 —24.869

from 0 to 500 mg/dL and the resulting S;;-parameters are
shown in Figure 10(a). From the graph, it is observed that
the frequency shifts right side, when the glucose concen-
tration increases. For O mg/dL glucose concentration,
the antenna resonates at 5.524 GHz. When the glucose
concentration is increased, a clear frequency shift is
observed and for each step of increase in glucose level,
a minimum shift of 3 MHz is observed. Hence, the pro-
posed antenna is a suitable choice for measuring the
glucose concentrations in blood since a clear frequency
shift is observed for the change in glucose levels. Simi-
larly, in the next case, the finger phantom is placed below
the antenna at 1 mm and the resulting S;;-parameters for
glucose concentration variation are shown in Figure 10(b).
From the figure, it is observed that a maximum shift
of 26 MHz is observed, when the glucose concentration
changes from 250 to 500 mg/dL.

Similarly, finger phantom is placed at the bottom of
feed at 0 mm and the resulting S;;-parameters for glucose
concentration variation are shown in Figure 10(c). How-
ever, in this case no shift in frequency is observed and is
not the useful case for glucose measurement. Next the
phantom is placed at the top of antenna at 1mm and
the resulting S;;-parameters are shown in Figure 10(d).
In this case, a maximum shift of 2 MHz is observed. In the
next case, the phantom is placed at the top of antenna at

(b)

Figure 12: Finger phantom between the antennas: (a) face-to-face
and (b) side-by-side.

1.5mm and corresponding S;;-parameters for glucose
variation are shown in Figure 10(e) and a maximum shift
of 4 MHz is observed. In the last case, the phantom is

Table 5: Summary of frequency shifts for different finger positions at varying glucose concentrations from 0 to 500 mg/dL

0mg/dL

125 mg/dL

250 mg/dL 500 mg/dL

Frequency shift (MHz)

Frequency shift (MHz)

Frequency shift (MHz) Frequency shift (MHz)

Bottom of antenna at 0.5 mm
Bottom of antenna at 1 mm -
Bottom of feed at 0 mm
Top of antenna 1mm

Top of antenna at 1.5 mm
Top of feed at 1.5 mm

|
W NN O W

3 4
5 26
0 0
1 1
1 4
0 8

Bold is required as the sensor performs better for these values.
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Table 6: Variations in S-parameters, time delay, and output voltage w.r.t glucose concentration for antennas placed face-to-face

Model type Sy (dB) at 5.5 GHz S,; (dB) at 5.5 GHz Vin (V) Vout (V) Time delay (ns)
Single antenna -30.182326 — - — -

Two antennas at 75 mm —21.351425 -14.501239 1 0.18067174 0.21436999
Two antennas with finger model 0 mg/dL -21.269056 -15.707635 1 0.14737162 0.29895061
Two antennas with finger model 125 mg/dL —-21.568902 -15.742583 1 0.14729108 0.29605633
Two antennas with finger model 250 mg/dL -21.350929 -15.665381 1 0.14707619 0.29601038
Two antennas with finger model 500 mg/dL —-21.521494 -15.725165 1 0.14705056 0.29603598
Two antennas with finger model 750 mg/dL -21.691845 -15.767268 1 0.14698879 0.29604319

Table 7: Variations in S-parameters, time delay, and output voltage w.r.t glucose concentration for antennas placed side-by-side

Antenna type S;; (dB) at 5.5GHz Sy, (dB) at 5.5GHz Vi, (V)  Vout (V) Time delay (ns)
Single antenna -30.182326 - - - -

Two antennas at 75 mm —-21.341072 -43.296037 1 0.0041608308  0.057240114
Two antennas with finger model 0 mg/dL —-22.032296 -49.84769 1 0.0062503358  0.079480223
Two antennas with finger model 125 mg/dL —-21.092947 -50.003195 1 0.0062492765  0.079466999
Two antennas with finger model 250 mg/dL ~ -21.055277 —-49.350883 1 0.0062537091 0.079466999
Two antennas with finger model 500 mg/dL ~ -19.772386 -51.216238 1 0.0062497146  0.079449221
Two antennas with finger model 750 mg/dL ~ -22.054224 -50.414067 1 0.0062483377  0.079449043

positioned at the top of feed at 1.5mm and the corre-
sponding Si;-parameters are shown in Figure 10(f) and
in this case, a maximum shift of 8 MHz is observed.

The sensitivity plot is given in Figure 11 along with
the electric field distribution for various cases. For all
the cases, the summary of resultant resonant frequencies
obtained and the corresponding S;;-parameters magni-
tudes are given in Table 4. Similarly, the obtained
frequency shifts for various glucose concentrations are
given in Table 5, from which it is concluded that, when
the finger phantom is placed at the bottom of antenna at
1 mm, the obtained frequency shift is satisfactory and a
maximum frequency shift of 26 MHz is observed, when
the glucose concentration varies from 250 to 500 mg/dL.
The physical reason behind the frequency shift in this
case is mainly owing to the electric field distribution
surrounding the antenna. More variation in electric field
on the antenna is required for glucose level measure-
ments. This is owing to the more variation in fringing
fields on the antenna resulting in considerable change
in the dielectric constant of the antenna, which in turn
gives considerable frequency shift when the finger phantom
is placed near the antenna. In the present case, at the

bottom of the antenna, more variation in fringing field is
observed resulting in a maximum frequency shift of 26 MHz.

3 Time domain analysis for glucose
concentration

In this method, the two antennas are placed face-to-face
and side-by-side with a separation of 75 mm between
them as shown in Figure 12. An input sinusoidal signal
is applied to one antenna and the output signal is
obtained at the other antenna. From the obtained output
waveforms, it is observed that the amplitude of output
signal is reduced to 0.0014 V from 1V and also a delay
of 0.0572 ns is observed. This obtained output amplitude
can be used to determine the glucose concentration
in the blood samples. In the measurement of glucose
concentration, the proposed finger phantom is placed
between the two antennas and the output signal ampli-
tude and time delay are calculated for various glucose
concentrations and the obtained time delays for both
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Figure 13: Measurement of reflection coefficient by keeping finger at
various positions: (a) No finger, (b) in front of the antenna, (c) top of
the feed line, (d) top of the radiating element, (e) bottom of the feed,
and (f) bottom of the antenna.

cases are shown in Tables 6 and 7. From the values
given in the Table, it is observed that the the amplitude
of ouput signal changes as the glucose concentration
increases. However,the changes in output amplitude are
irregular and not consistent and hence this case is not
preferred in the estimation of glucose concentration.

DE GRUYTER

4 Measurement of reflection
coefficient for different glucose
concentrations

Further to validate the performance of the proposed
antenna, finger of a normal healthy person is placed at
various positions around the antenna and shifts in the
frequency are measured. It is to be noted that this experi-
mental study is performed just only to show a frequency
shift in various positions of finger and not to compare
with the exact simulated results. The reason is that the
real human finger has same level of glucose concentra-
tion for all the positional cases. Moreover, fabrication and
improper testing issues also create differences between
simulation and measurement results. In Figure 13, photo-
graphs of the finger placed near the antenna at different
positions are shown. For all the corresponding positions
of the finger, S;;-parameters are measured and are pre-
sented in Figure 14. From the figure, it is clearly observed
that, when no finger is placed near the antenna, it reso-
nates at 5.5 GHz with the magnitude of reflection coeffi-
cient as —33 dB. When the finger is kept in front of the
antenna at 5 mm separation as shown in Figure 13(b), the
resonant frequency shifts to the right side by 80 MHz with
-30dB of reflection coefficient magnitude. When the
finger is placed on the top of the feedline with 0.5 mm
spacing as shown in Figure 13(c), 150 MHz frequency shift
is observed towards the right side with —32 dB of reflection
coefficient magnitude.

When the finger is placed on the top of the radiating
element with 0.5 mm gap as shown in Figure 13(d), a shift
of 25 MHz with —28 dB of reflection coefficient magnitude
is observed. When the finger is placed at the bottom of
feed line with 0.5 mm spacing as shown in Figure 13(e), a
frequency shift of 20 MHz is observed. Similarly, when
the finger is placed at the bottom of the radiating element
with 0.5 mm spacing as shown in Figure 13(f), a 60 MHz
frequency shift with —40 dB reflection coefficient is observed.
Summary of all the cases with the amount of frequency shift
and reflection coefficient magnitude are shown in Table 8.
From the frequency shift values observed in Table 5 and from
the discussion in Section 3, the better position to place the
finger to measure the variation in glucose concentrations is
near the bottom of the radiating element. This is because, a
clear frequency shift is observed when the finger of a healthy
person or a glucose concentration varying finger is placed
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Figure 14: Measured Sq;-parameter values for various positions of
the finger around the antenna.

below the antenna. The performance of the proposed
antenna is compared with some existing antennas in the
literature that are used in the glucose level monitoring and
are given in Table 9. Compared to the other existing works
in the literature, the sensor proposed in the present work
gives clear frequency shift values.

The work mentioned in the previous study [31] devel-
oped a novel CPW sensor for measuring glucose concen-
tration at 1.8 GHz operating frequency. However, the work
mentions the glucose concentrations up to 16,000 mg/dL,
which is practically not required. In another study [32],
the authors presented a novel dielectric resonator antenna
for evaluating glucose concentrations at 4.7 GHz, which
also carries the calculations up to 16,000 mg/dL. A micro-
fluidic biosensor developed by Mondal et al. [33] measures
glucose concentration at 5.4 GHz. In another study [34],
authors presented the novel design of a microstrip sensor

Table 8: Measured frequency shift and reflection coefficient mag-
nitude for various positions of the finger

Position of Finger Frequency Reflection
shift (MHz) coefficient (dB)

Without finger - -34.02

In front of antenna 80 -29.62

Top of feed line 150 -32.18

Top of radiating 25 -28.9

element

Bottom of feed line 20 -43.88

Bottom of radiating 60 -40.8

element

Table 9: Comparison with literature

Freq. shift (MHz)

Operating frequency (GHz)

Design complexity and cost

Technology
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Non-invasive finger placed on dielectric resonator
Non-invasive method using planar Yagi— Uda antenna

Invasive method by extracting fluids

Microstrip antenna sensor
Interdigitated capacitor resonator-etched (CPW)

Non-invasive finger placed on planar resonator
Non-invasive wearable split ring resonator

Bold is required as the values represent for proposed sensor.

This work
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operating in the wideband of 2.5-18 GHz, which has the
main limitation of practical reliability. Another paper [35]
presented a novel split ring resonator for measuring glu-
cose concentration; however, gave a maximum shift of
only 5kHz. Similarly, Tiwari et al. [36] presented the
design of a flexible biomedical RF sensors for monitoring
glucose concentration, operating at 2.46 GHz. However,
the system design is complex and practically difficult to
implement. However, the proposed antenna sensor oper-
ates at 5.5 GHz giving a maximum shift of 26 MHz, making
the proposed antenna sensor more sensitive to the glucose
levels variation. Hence, compared to the other existing
works in the literature, the sensor proposed in the present
work gives clear frequency shift values.

5 Conclusion

A planar Yagi-Uda antenna operating at 5.5 GHz and
exhibiting a directional radiation pattern with a peak
gain of 6.74 dBi is developed for measuring the glucose
level concentrations in blood. A finger phantom is placed
at various positions around the antenna and the corre-
sponding frequency shifts are observed. The amount of
shift in the resonant frequency is used to estimate the
glucose concentration in the finger phantom. From the
obtained results, it is observed that better frequency shift
of maximum of 26 MHz is obtained if the finger is placed
at the bottom of the radiating element. Hence, the pro-
posed sensor can be used for applications such as

(i) To measure glucose levels in the diabetic patient in
the range of 0-500 mg/dL.

(ii) In glucose monitoring, where high sensitivity and
more accuracy in the measurement results are the
main criteria as the proposed sensor gives good fre-
quency shifts.
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