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Abstract — In this paper, a narrowband and compact
antenna resonating at 6.1 GHz with a peak realized gain
of 3.3 dBi is proposed to monitor the glucose concentra-
tion in the blood without taking invasive blood samples.
The proposed antenna is fabricated using a low-cost FR-
4 substrate with compact dimensions of 30 mm x 30 mm
x 1.6 mm. The impedance bandwidth of this antenna
ranges from 5.2 to 7.1 GHz. For measuring blood glu-
cose levels, a human finger phantom model with dimen-
sions of 15 mm X 12 mm x 10 mm is constructed
using the EM simulation (HFSS) environment. The fin-
ger phantom consists of different layers such as skin, fat,
muscle, blood, and bone modeled at 6.1 GHz using var-
ious dielectric materials for various glucose concentra-
tions. The finger phantom model is placed at different
locations around the antenna to measure the frequency
shift for monitoring glucose concentration in blood sam-
ples. The proposed finger phantom model is validated
by conducting an experimental study by placing a real
human finger around the fabricated antenna and measur-
ing the frequency shift. This study shows a very good
agreement with the results obtained by the simulated
phantom model. The advantages and outperformance of
the proposed sensor are highlighted in terms of the sensi-
tivity obtained and compared with other techniques given
in the literature.

Index Terms — glucose levels, directional antenna, non-
invasive, narrow band antenna.

L. INTRODUCTION

In most cases, diabetes is caused by very high levels
of glucose in the blood over a prolonged period, which
is the primary feature of diabetes [1H2]]. According to the
World Health Organization (WHO) and the International
Diabetes Federation (IDF), there are 463 million indi-
viduals worldwide who have diabetes, with more than
60 percent of the population living in the “risk zone.” It
is recommended that this identification be performed at
frequent intervals to improve the accuracy of the results.
The detection of diabetics may be accomplished with
the use of finger prick tests and glucose meters [3H4],
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although this approach is considered intrusive. It is occa-
sionally necessary to sandwich the liquid under investi-
gation between two microstrip resonators. On the other
hand, invasive procedures hurt the patient because blood
samples must be taken often.

As reported in [S], a band-stop filter with a defective
ground structure (DGS) was employed to monitor glu-
cose levels intravenously. Furthermore, the sensitivity to
changes in glucose levels in blood samples as well as the
depth of penetration is lower than previously reported.
However, when it comes to testing blood sugar levels,
various options are discussed [6H12]]. Furthermore, sev-
eral innovative microwave sensors were presented by
Lukas in [13], and another pressure sensor was pro-
posed by Satish in [14]. A technique for determining
glucose levels was developed by Deshmukh, and Ghon-
gade, who used a ring resonator to calculate the dielec-
tric properties and estimate the glucose levels [[15]. The
authors of [16] addressed the measurement of glucose
in the presence of animal tissues by utilizing mm-wave
methods in the presence of animal tissues. In addition, in
[[1'7H23]], numerous innovative approaches for more accu-
rately calculating glucose concentration in blood sam-
ples were reported.

Microwave filters or antennas are employed for
monitoring glucose levels in the blood [24H25]]. This
is a non-invasive technology that has been developed.
Their great sensitivity to minor fluctuations in glucose
levels, as well as their simplicity of deployment, make
antenna systems the most common of all non-invasive
glucose monitoring technologies. [26-28]]. Furthermore,
since they do not ionize, they penetrate deeply, are resis-
tant to noise, temperature, and other disturbances, and
are widely used in the medical area as well as other
fields. The authors of [26] developed an artificial hand
with a finger phantom and used it to compute glu-
cose concentrations in blood samples by simulating S-
parameters and evaluating the dependence of frequency
shift on dielectric parameters. The antenna that has been
created functions at frequencies ranging from 1 to 6
GHz. However, because of the omnidirectional radiation
pattern produced by this antenna, it is not recommended
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for practical use. Ref [27] describes the construction of
a patch antenna that can operate at 2.4 and 5.8 GHz
and is filled with deionized water and glucose for use in
medical applications. The antenna match was altered in
response to changes in glucose levels. Ref. [28]] describes
the development of phantom-loaded patch components
for use in an antenna operating at a frequency of 4.75
GHz. A range of liquid phantoms, including pig blood
and physiological solutions, were evaluated, with glu-
cose levels ranging from 150 mg/dL to 550 mg/dL in
the samples analyzed. The solution induced a linear
change in frequency of 5 MHz, which was observed.
Even though the temperature and volume of the test
samples varied, there was no link between the read-
ings. Meta-materials can also be utilized to detect glu-
cose, as described in [29]. Recent review papers explain
in detail the current state of research on glucose level
monitoring sensors and the need to build more sensitive
sensors [30H38]].

To monitor glucose levels, a microstrip antenna is
used as a microwave sensor operating at 6.1 GHz. Fur-
thermore, a human finger phantom is designed with a
length of 15 mm, a height of 10 mm, and a width of 12
mm, with layers of skin, fat, muscle, blood, and bone.
However, the key innovation of this study is that the pro-
posed antenna produces a significant frequency change
when a finger phantom is placed on it to measure glu-
cose levels.

The remainder of the paper’s structure is as follows:
In Section 2, the microstrip antenna structure, design
method, and parametric study are described. Section 3
presents results and discussion, including the modeling
of a finger phantom and an associated study on frequency
shifts for different positions of the finger phantom and
varying glucose levels. In Section 4, the paper is con-
cluded.

II. ANTENNA STRUCTURE

The proposed antenna is designed and optimized
using the ANSOFT HFSS electromagnetic simulator.
Figure [T] illustrates the evolution of the antenna design
until we reach the final proposed antenna (Antenna
3). As is customary in antenna design, Antenna 1 is
designed by doing an initial theoretical calculation
to determine the dimensions of the initial antenna,
as seen in Fig. [I] The first antenna has a half-elliptic
shaped and is fed by a 50-ohm feedline with a partial
ground plane on the substrate’s back side. The current
distribution of antenna 1 is depicted in Fig. 2] where
the current distribution is minimal in the patch’s central
half. As a result, this portion can be removed, and then a
rectangular and half-elliptic slot is etched in the middle,
as shown in Fig. [I] (b) and Fig. [T] (c). This rectangular
and half-elliptic slot is responsible for shifting the
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resonant frequency, as explained below. In the next step,
to obtain one resonant frequency, a rectangular cut-out
in the upper center of the ground is constructed for all
designs, as illustrated in Fig. [T] (d). From the reflection
coefficient values plotted for all the three antennas
given in Fig. 3] it is observed that antenna 3 gives
the desired resonant band from 5.2 to 7.1 GHz with a
resonant frequency of 6.1 GHz, which is the required
frequency for glucose monitoring in blood samples.
Hence, antenna 3 is considered the proposed antenna to
meet the target application (glucose monitoring).

(a) Antenna 1 (b) Antenna 2

|

(c) Proposed Antenna 3 (d) GND

Fig. 1. Evolution of the proposed antenna. (a-c) Top
views of Antennas 1, 2, and 3. (d) Bottom view.
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Fig. 2. Current distribution of Antenna 1 at 6 GHz.
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A. Design procedure of the proposed antenna

Figure []depicts the schematic view of the proposed
antenna. The antenna is made from an FR4 substrate
with a relative permittivity of 4.4, a thickness of 1.6 mm,
and a loss tangent of 0.02. To achieve a 50-Ohm input
impedance match, a rectangular and trapezoidal-shaped
feed is employed to feed the antenna. The antenna con-
sists of a rectangular ground plane with a rectangular cut-
out in the top center of the ground, as seen in Fig. E] (b),
and a half-ellipse with a major radius W2 and minor
radius L1, as shown in Fig. E|(a).

The antenna is a planar patch antenna with a U-
shaped patch. The optimized element dimensions are
listed in Table [T} and the antenna is optimized to oper-
ate at 6.1 GHz. The U-shaped design has a critical
role to play in achieving desired radiation properties
with enhanced gain, which is the primary characteris-
tic required for estimating the glucose level. The half-
elliptic slot is etched away from the radiating area, and
this is used for shifting the band characteristics for mon-
itoring glucose levels.

W
r =
w1
E W7 T
11
W3 W2 —‘\
LS
v
L4
- v
r
= W3
g 2
w4
' 1

(a)

Fig. 4. (Continued).
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4 (b)

Fig. 4. Geometry of proposed antenna, (a) Top view. (b)
Back view.

B. Parametric study

Figure [5] depicts the finalized antenna structure’s
surface current distributions. At 6.1 GHz, it is seen
that a significant number of current flows through the
patch, indicating that this antenna is a good radiator at
the selected frequency. A parametric study on various
dimensions of the antenna is performed to characterize
the antenna’s radiating behavior.
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Fig. 5. Current distribution of proposed antenna at 6.1
GHz.

The parametric analysis is performed concerning the
parameters W2, W5, and L2 of half-elliptic slots, as
shown in Figs. [f] [7] and [§ respectively. From Fig. [6] it
is observed that better reflection coefficient values are
obtained for W2 = 18 mm. Similarly, from Fig. [/] it is
observed that W5 = 2.4 mm yields good reflection coef-
ficient values. Similarly, from Fig. [§] it is observed that
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good reflection coefficient values in the desired band are 0.00
obtained for L2 = 8.5 mm. The final results of the optimal _ 5.001
. . 2]
parameters are listed in Table[T} s
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Fig. 6. Parametric analysis w.r.t. W2.
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III. RESULTS AND DISCUSSION
The proposed antenna is manufactured and tested
to evaluate the performance of the optimized antenna.
The prototype of the fabricated antenna is given in
Fig. O] The reflection coefficient and radiation patterns
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Fig. 7. Parametric analysis w.r.t. W5.

Table 1: Dimensions of the Proposed Antenna

®)

Fig. 9. Fabricated Prototype of the proposed antenna (a)

Parameters Dimension (mm)
L 30
W 30
Lg 11
Wg 30
Wi 23.24
W2 18
w3 3.12
W4 3
W5 2.4
W6 3
W7 17
W8 6
L1 11.88
L2 8.5
L3 12
L4 3.12
L5 15
L6 4

Top view. (b) Bottom view.
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Fig. 10. Simulated and measured S11 parameters of the
proposed antenna.

Network Analyzer (VNA) N5225A. Figure @ shows the
simulated and measured S-parameters of the proposed
antenna, showing the antenna resonating at 6.1 GHz. The
simulated results are found to be in good agreement with
the measured results. The slight variation between the
results is due to the fabrication tolerances at the feed
location.

Figure [T1]illustrates the simulated and measured E-
plane and H-plane radiation patterns at 6.1 GHz, respec-
tively. From the resulting radiation patterns, it can be
observed that the antenna is oriented towards 90 degrees
on the E-plane, as shown in Fig.[TT](a), and that the radi-
ation is almost omnidirectional on the H-plane, as shown
in Fig. [T1] (b). The three-dimensional radiation pattern
created by the antenna is seen in Fig. [I2] The antenna
has strong directional qualities at 6.1 GHz with a real-
ized gain of 3.3 dBi, which is good enough to attribute to
employing this antenna for monitoring the concentration
of glucose in the finger phantoms.

A. Modeling of finger phantom & evaluation of glu-
cose concentration

In particular, the current research effort is focused
on the development of an antenna that is capable of mon-
itoring glucose concentration fluctuations in blood from
the fingertips. To do this, a finger phantom model is cre-
ated in an HFSS environment to mimic the real human
finger as given in Fig.[13] For the simulation of various
layers of the finger such as skin, fat, muscle, blood, and
bone, dielectric materials with variable dielectric con-
stants and conductivities are utilized. The central layer
to consider is the finger’s bone region, which is seen in
white color in Fig.[13] The blood in the finger is shown as
a red color next to the bone. The muscle is next to blood
and is represented by a yellow color. Following muscle
is the fat layer, which is represented by a pink color, and
the last layer is the skin, which is represented by a light
yellow color. The thicknesses of the different layers of
the finger phantom are shown in Fig. [I3]as well as their
dielectric constants, which are listed in Table [2] [31-38].
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Fig. 11. Simulated and measured radiation patterns on
(a) E-plane and (b) H-plane. At 6.1 GHz.

Max: 3.3
3.5
.3.0
2.5 ‘
2.0 4
I1.5
1.0 |
0.5

0.0 '
Min: 0.0 v

Fig. 12. 3D radiation pattern at 6.1 GHz with maximum
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Fig. 13. Finger phantom model. (a) Top view. (b) Isomet-

ric view.

Table 2: Dielectric constant, conductivity, loss tangent,
and thickness of Finger Phantom at 6.1 GHz

Phantom & o (S/m) Loss
Parameters Tangent
Skin 34.9 39 0.3336
Fat 4.9 0.3 0.1871
Muscle 48.1 0.3 0.3263
Blood 52 6.9 0.3933
Bone 9.54 1.2 0.3788

As shown in Fig. [T4] the resonant frequencies and
reflection coefficients of the phantom placed at the top
of the radiation element are simulated for various thick-
nesses of muscle and fat, and the results are compared
with the resonant frequencies and reflection coefficients
of a real human finger placed at the top of the radiation
element, as seen in Fig. ﬂ;gl (a), to determine the thick-
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ness that is closest to the real thicknesses of muscle and
fat for the human finger. The selected thickness is the one
reported in and given in Fig. [13] (a). Moreover,
these selections are validated by placing a real human
finger at the top of the antenna. The obtained results
with the given dimensions of the phantom showed to a
far extent that this phantom resembles the real human
finger.

0.00

@ -5.001

£-10.00-

£-15.00-

8 .20.00. Muscle= 8X6mm & Fat=9X7mm

%-25.00 ] Muscle= 97mm & Fat=10X8mm

-30.00 Musdle= 10K8mm & Fat=11X9mm

350000 366 3.00 400 500 600 7.00 8006 900 1000

Frequency [GHz]

Fig. 14. The resonant frequencies and reflection coeffi-
cients for different thicknesses of muscle and fat.

For the most part, a phantom finger is placed at var-
ious positions on the antenna, such as the top of the radi-
ating element and the middle of the radiating element, as
shown in Figs.[8|and[I9] with their reflection coefficients,
respectively.

The frequency shifts of the finger phantom, which is
placed on top of the radiating element, are used to detect
changes in glucose concentration. When the finger phan-
tom is placed on the radiating element, a similar shift
in the magnitude of the reflection coefficient is shown
to have occurred. Placing the finger phantom at the top
of the radiating element is the most effective method of
obtaining glucose concentration in this configuration, as
this case gives a good amount of frequency shift. Table[3]
shows the different frequency shifts obtained for various
finger phantom positions on the antenna.

Table 3: The resonant frequencies and reflection coeffi-
cients for different places of finger phantoms

Position of the Resonant S11 (dB)
Phantom Frequency
(GHz)

Without phantom 6.1 -30
Phantom at the top of 6.1 -30
the radiating element.

Phantom at the center 6.3 -31
of the radiating
element.

The phantom is placed above the top of the radiating
element by adjusting the glucose concentration from 0 to
500 mg/dL throughout a range of time. As the glucose



content in the finger phantom increases, the resonant
frequency increases, as seen in Fig. Antenna reso-
nance occurs at 5.71 GHz when the glucose level is 75
mg/dL and the S11 is -29.9 dB. There is a resonance at
5.97 GHz for an amount of 175 mg/dL glucose concen-
tration with a -32.5 dB reflection coefficient value, and
there is another resonance at 6.18 GHz for 225 mg/dL
glucose concentration with a -34.6 dB reflection coeffi-
cient value. The antenna has a distinct frequency shift in
response to variations in glucose concentrations, making
it an excellent candidate for determining glucose concen-
trations in the bloodstream. Table K| describes the rela-
tionship between the dielectric constant and glucose lev-
els. Figure [16/shows the relationship between the dielec-
tric constant and glucose levels at 5.5, 6.0, and 6.5 GHz.
As seen from this figure, the dielectric constant decreases
as the glucose concentration increases. Moreover, as the
frequency increases, the dielectric constant decreases.

£.25.007 —— Glucose Concentration= 75

2

&-30.001 ——— Glucose Concentration= 175
-35.004 ——— Glucose Concentration= 225

-40.00 T T T T
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

Frequency [GHz]

Fig. 15. illustrates the variations of S11-Parameters ver-
sus the frequency at different glucose concentrations
mg/dl when the finger phantom model is placed on the
top of the radiating element.

Table 4: Dielectric Constant values for different Glucose
concentrations

Glucose Concentration &
(mg/dL)

0 64.5
125 64.25
250 64
375 63.75
500 63.5
625 63.25
750 63
875 62.75
1000 62.5

At 5.5, 6.0, and 6 GHz, it is evident from Fig.
that the dielectric constant drops by a consistent amount
while the glucose concentration rises. This demonstrates

MEGDAD, ALDHAHERI, SOBAHI: A NONINVASIVE METHOD FOR MEASURING THE BLOOD GLUCOSE LEVEL USING A NARROW

67.00
66.00
§65.001
2
§64.00,
£63.00
8
262.00 At 5.5 GHZ
61.00 At 6.0 GHz
At 6.5 GHz
60.00 ‘ ! :
0.00 200.00 400.00 600.00 800.00 1000.00

Glucose Concentration

Fig. 16. Dielectric Constant values for different Glucose
concentrations at 5.5, 6, and 6.5 GHz.

that the proposed antenna sensor is an excellent option
for measuring glucose levels in the blood.

B. Measurement of reflection coefficient for various
real finger and phantom model positions

The main idea of the presented work is to design and
develop an antenna sensor that can measure the glucose
concentration in blood samples from diabetic patients.
The sensor works on the principle of frequency shift vari-
ations w.r.t the variations of glucose in patients’ blood
samples. This change in glucose concentration is mod-
eled using various dielectric constants of different finger
layers like skin, fat, muscle, blood, and bone as given
in Table 2} Also, the variations of the dielectric con-
stant w.r.t glucose concentration are given in Table[dand
Fig.[16] The proposed antenna sensor is unique and can
be used for any diabetic patient having different levels of
glucose changes. These glucose changes are mapped to
the resonant frequency shifts, and the sugar levels in the
patient can be easily estimated.

To validate the performance of the proposed antenna
for measuring glucose concentration, the finger of a nor-
mal, healthy individual is inserted in various positions
around the antenna, and frequency changes are mea-
sured. It should be mentioned that the purpose of this
experiment is to demonstrate the frequency shift and the
reflection coefficients when a real finger is placed at dif-
ferent positions of the radiating element of the antenna.
Similarly, we put the designed phantom model in the
same positions to figure out how this phantom model
resembles the real human finger. The reflection coeffi-
cient and the resonant frequency for both the real finger
and the phantom model are shown in Figs.[TI8and [T9]

Starting with Fig. where there is no real finger
or phantom placed near the antenna, the measured return
loss is -46 dB and the resonant frequency is 6.1 GHz.
When the finger is placed on top of the radiating ele-
ment, the resonance frequency is moved to 6.15 GHz
and the reflection coefficient is -39.1 dB for the finger
(red line) and -30 dB for the designed phantom (black
line), as seen in Fig. (a)-(c). Putting the finger at the
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Fig. 17. (a) Measured and simulated reflection coefficient
for the fabricated antenna with no finger or phantom
around the antenna. (b) Setup and the reflection coeffi-
cient.

center of the radiating element, the resonance frequency
is 6.3 GHz and the reflection coefficient is -42 dB for the
real finger and -31 dB for the phantom model, as shown
in Figs. [19] (a)-(c). These results reflect how close the
results obtained by the proposed phantom model are to
those obtained by the human real finger. After perform-
ing many simulations, it was found that the best place to
put the phantom model was at the top of the radiating
part of the antenna. With this in mind, we varied the glu-
cose concentration from 0 to 500 mg/dL and measured
the frequency shift, and the results are listed in Table 3]
From these results, it is observed that the frequency shift
can be utilized to detect the glucose level in the blood.
As seen from this table, when the glucose concentration
is varied from 0 to 75 mg/dL, a frequency shift of 210
MHz is observed. When the concentration is varied from
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Fig. 18. (a) Measurement and simulation of the reflection
coefficient by placing the finger and the phantom on top
of radiating element as in (b and c).

75 mg/dL to 125 mg/dL, a frequency shift of 130 MHz,
is observed. Similarly, the variation of glucose concen-
tration from 125 to 175 mg/dL gives a frequency shift
of 130 MHz, and so on. The frequency shift is dropped
to 60 and 50 MHz when the concentration is varied



Table 5: Summary of resonant frequencies obtained for
different Glucose Concentrations

Glucose |Resonant| Bandwidth| Frequency | Sensitivity | S;; (dB)

Concen- | Fre- (GHz) Shift (MHz/

tration | quency (MHz) | (mg/dL))

(mg/dL) | (GHz)
0 5.50 1.6966 — - 29.8574
75 5.71 1.6954 210 2.8 29.9353
125 5.84 1.6950 130 1.04 31.9547
175 5.97 1.6949 130 0.74 32.5241
225 6.18 1.6944 210 0.93 34.6241
275 6.28 1.6940 100 0.36 34.9246
325 6.37 16936 90 0.28 35.0783
375 6.45 1.6932 80 0.21 35.5462
425 6.51 1.6931 60 0.14 35.6481
475 6.57 1.6927 60 0.13 35.7201
500 6.62 1.6922 50 0.1 35.9675

from 425 to 475 mg/dL and from 475 to 500 mg/dL,
respectively.

A linear curve fitting using the least squares criterion
is applied to the glucose concentration from 75 to 425
mg/dL, and the results are plotted in Fig.[20] As noticed,
the linear curve best fits the reading data in Table 5] over
the glucose range of 75 to 425 mg/dL. The slope of the
linear curve in Fig.[20]is equal to the average frequency
shift resulting from the glucose concentration variation.
This could be used as a measure of how sensitive the
proposed sensor is to glucose concentration. The slope
we obtained is about 2.4 MHz/(mg/dL), which is better
than what is reported in [39], where the slope was 1.34
MHz/(mg/dl). In Table [6] a comparison of the sensitiv-
ity of our work with the work published in the literature
is presented, as seen in the work of [39]. A CPW pla-
nar antenna is designed to work at a resonant frequency
of 1.8 GHz and the glucose concentration is varying
from 0 to 16000 mg/dL. However, the test is conducted
at only 98 to 188 mg/dL to calculate the sensitivity of
the given design. The corresponding frequency shift is
only 31.2 MHz. Ref. proposed a new dielectric res-
onator antenna for measuring glucose concentrations at a
center frequency of 4.7 GHz, and the measuring sample
of the glucose concentration varies from 0 mg/dL up to
16000 mg/dL. The frequency shift is 2.81 kHz, and the
sensitivity is only 2 kHz per mg/dL. At a frequency of
5.41 GHz, a microfluidic biosensor is described in [40]
to monitor glucose levels from 0 to 8000 mg/dL. The
sensitivity obtained in this study is only 0.1 MHz per
mg/dL. Ref. describes a unique split ring resonator
for monitoring glucose concentration. In this work, the
frequency shift is 5 kHz, and the sensitivity is 3.287
kHz per mmol/L over the tested sample in the range of
4.4-7.6 mmol/L. The sensitivity is only 3.287 kHz per
mmol/L. In a novel split ring resonator for measur-
ing glucose concentration is presented. The tested range
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Fig. 19. (a) Measurement and simulation of the reflec-
tion coefficient by placing the real human finger and
the phantom on the center of radiating element as in
(b and ¢).

was from 2.7 to 22.2 mmol/L. Now, if we compare all
these results with our proposed antenna sensor, we find
that the maximum frequency shift we obtained is 800
MHz and the sensitivity is 2.4 MHz/mg/dL. This makes
the proposed antenna sensor outperforms the others in
detecting the changes in glucose concentration levels.
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Table 6: Performance comparison of proposed antenna with literature

Reference Technology Operating Frequency Sensitivity Measuring Sample
Frequency Shift
(GHz)
[39] Non-Invasive 1.8 31.2 MHz 1.34 0 - 16000 (mg/dL)
Planar resonator MHz/mg/dL
(Tested
sample 98 —
188 mg/dL)
[31]] Non-invasive 4.7 2.81 KHz 0.002 0 - 16000 (mg/dL) (glucose
finger placed on MHz/ mg/dL variation in blood sample)
Dielectric
Resonator
[40] Invasive method 5.41 62.5 KHz 0.1 0-8000 (mg/dL) (glucose
by extracting MHz/mg/dL variation in microfluidic
fluids sample)
[41]] Non-invasive 14 5 KHz 3.287 kHz 4.4 — 7.6 mmol /L (glucose
double split ring per mmol/L variation in microfluidic
resonator sample)
[42] Split ring 2-5 82 Glucose concentration in
biosensor MHz/mg/mL blood from 2.7 to 22.2
mmol/L within the range
from 2.85 to 3.95 GHz
This work Microstrip 6.1 800 MHz 24 Glucose concentration in
antenna sensor MHz/mg/dL blood from 0-500 mg/dL
(Tested
sample 75 —
425 mg/dL)

L L 1
[] 50 100 150 200 250 300 350 400 450
Glucose Concentration, mg/dL

Fig. 20. Resonance frequencies Vs. Blood glucose con-
centration (Red circles); Fitted curve obtained by Least-
square method (Blue line).

IV. CONCLUSION

A planar microstrip patch antenna that operates at
6.1 GHz and exhibits a directional radiation pattern with
a peak realized gain of 3.3 dBi is designed to measure
the glucose concentration in the blood. A finger phan-
tom model of five layers: skin, fat, muscle, blood, and
bone, with different dielectric constants and thicknesses,
is constructed using the EM simulation (HFSS) environ-
ment. The dielectric constant of the blood is as varied as
the sugar in the blood. This phantom model is placed at
various locations of the radiating element of the antenna,

and the frequency shifts are measured as a result of the
phantom position and the variations in the glucose con-
centration from 0 to 500 mg/dL. The simulated results
show that the best frequency shifts are obtained when
the finger phantom is placed at the top of the radiating
element of the antenna. The experiment was conducted
on a real human finger using the designed and fabricated
antenna prototype, which also presents a good agree-
ment with the simulation results of the proposed phan-
tom model. This shows that the proposed phantom model
resembles the real human finger to a great extent, and the
proposed antenna sensor is a good choice for monitoring
the glucose concentrations in the blood due to its com-
pactness, good sensitivity, and affordable cost.
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