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Abstract – Indonesia had a total of 19.47 million individ-
uals diagnosed with diabetes in 2021, the fifth position
globally, as reported by the International Diabetes Feder-
ation (IDF). Diabetes requires periodic medical examina-
tions, yet many individuals are hesitant to utilize invasive
medical devices. The ring slot circular resonator (RSCR)
inspired this sensor’s design. Non-invasive glucose mea-
surement was done with flexible 2.45 GHz sensors. The
reflection coefficient (S11) simulation result is -20.76 dB
at 2.458 GHz and 894.8 MHz bandwidth. Saliva samples
obtained from 20 individuals were subjected to 20 sep-
arate tests. Before collecting saliva samples, the volun-
teers’ blood sugar levels were assessed. Research indi-
cates that the appropriate frequency range for average
blood sugar levels (less than 125 mg/dl) is 1.55 GHz
to 2.16 GHz, while diabetes patients with blood glucose
levels (BGL) above 125 mg/dl had frequencies above 2.3
GHz. Test results show a positive correlation between
glucose level and testing frequency. In addition to blood
samples, saliva samples can serve as alternate specimens
for assessing an individual’s BGL.

Index Terms – Blood glucose, flexible sensor, non-
invasive, ring slot circular resonator, salivary.

I. INTRODUCTION
Elevated blood sugar (glucose) leads to diabetes.

The International Diabetes Federation (IDF) estimates
that one in 10 people globally suffers from diabetes. The
IDF estimate has grown by 16%, or 74 million people,
since 2019. The projected populations are 643 million in
2030 and 784 million in 2045. A total of 19.47 million
Indonesians is expected to have diabetes in 2021, accord-
ing to IDF forecasts [1]. Diabetes is an increase in blood
sugar due to decreased insulin secretion by pancreatic
beta cells and/or impaired insulin function [2].

Diabetics need to monitor and control their blood
glucose levels (BGL) to keep their levels within normal
ranges. To monitor blood sugar levels, a finger prick is
used to extract blood, which is then placed on a blood
strip. Some diabetics fear blood, so they avoid regular
checkups [3]. This work was driven by the desire to
eliminate the use of invasive blood sugar testing. Thus,
the requirement for a non-invasive blood sugar monitor
arises.

The diagnostic criteria for diabetes mellitus, as out-
lined in the guidelines, involve the measurement of fluc-
tuating venous plasma glucose [4]. The diagnostic cri-
teria for diabetes include the following thresholds: a
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plasma glucose value of ≥200 mg/dl (≥11.1 mmol/l)
on an occasional basis, a fasting plasma glucose level
of ≥126 mg/dl (7.0 mmol/l) after a fasting period of 8-
12 hours, and a 2-hour value in venous plasma during
an oral glucose tolerance test (OGTT) of ≥200 mg/dl
(≥11.1 mmol/l).

According to scientific literature, fasting plasma
glucose concentrations below 6 mmol/L (100 mg/dL)
are considered within the normal range. Fasting plasma
glucose concentrations ranging from 6.1 to 6.9 mmol/L
(100-125 mg/dL) indicate impaired fasting glucose. Fur-
thermore, fasting plasma glucose concentrations equal to
or exceeding 7.0 mmol/L (126 mg/dL) are diagnostic cri-
teria for diabetes [5].

RF transmission, breath analysis, fluorescence,
interstitial fluid chemistry, and ocular spectroscopy are
the most widely used non-invasive techniques [6]. A
saliva nano-biosensor with a polyvinylidene fluoride
(PVDF) membrane was used by Zhang et al. to moni-
tor glucose non-invasively [7]. In 2019, Wang et al. also
investigated antennas using commercial beverages and
sweat samples on polyethylene terephthalate (PET) sub-
strates [8]. A six-element dipole arm antenna was con-
structed by Bakkali et al. [9] to monitor glucose. Desh-
mukh and Chorage created microstrip antenna configu-
rations as microwave sensors in 2020, including spiral,
narrowband, and ultrawideband antennas. They quanti-
fied return loss by observing the antenna test frequency
response for a specific BGL [10]. A 50 mg/dl glucose
solution was used by Firdausi et al. to build a proximity
couple-based microstrip antenna that operates at 50-60
GHz [11].

This study involved conducting extensive research
on saliva testing with volunteers to ascertain its viabil-
ity as an alternate sample for detecting an individual’s
blood sugar levels. The disparity in sugar levels in saliva
between those with diabetes and those without diabetes
is the reason behind this. The sensor is composed of a
circular resonator with a ring slot, which is printed on a
flexible PET substrate. It operates within the frequency
range 2.4-2.48 GHz, with the center of the ring slot as
the sensing hotspot. This could be a promising solution
to detect a person’s saliva sugar levels that correlate with
blood sugar levels with high accuracy.

II. MATERIALS AND METHODS
A. Flexible sensor design

This research involves the construction of a flexi-
ble sensor that utilizes a PET substrate and a Coplanar
Waveguide (CPW) feed mechanism. The PET substrate
has a relative dielectric constant of 3, a dielectric loss
tangent of 0.001, and a thickness of 0.13 mm [12]. The
conductive film on the PET substrate uses silver nano
ink. The PET substrate is chosen due to its ease of pro-

cessing in various forms, such as molding and cutting.
This facilitates the manufacturing of sensors according
to the desired design and expected quantity. PET has a
relatively stable dielectric constant at various frequencies
and temperatures [13, 14]. The dielectric stability of PET
contributes to the long-term performance of the sensor
by minimizing the impact of temperature changes. This
stability improves the sensitivity of the glucose sensor.
Additionally, PET provides effective electrical isolation,
reducing interference between the sensor elements and
the surrounding structure. Table 1 presents the dimen-
sions of the sensor that has been proposed. Figure 1 illus-
trates the geometry of the sensor with the measurement
scenario.

Table 1: Dimensions of sensor design
Dimension Parameters (mm)

L (Substrate length) 35
W (Substrate width) 40

h (Substrate thickness) 0.135
WF (Feedline width) 5.8
LF (Feedline length) 12
WG (Ground width) 2.3
LG (Ground length) 16.9

R1 20
R2 17

Fig. 1. RSCR sensor and measurement scenario.

This sensor operates at a frequency of 2.45 GHz,
in accordance with the Industrial Science and Medi-
cal (ISM) Band standard. It adheres to health standards
and is specifically designed to detect glucose using non-
invasive techniques.

The error value for measuring the sensor’s frequency
is calculated using equation (1) as follows:

Error =
∣∣∣∣ fsimulated − fmeasured

fsimulated

∣∣∣∣x100%. (1)

B. Research methods
This study involved 20 participants who had dif-

ferent blood sugar levels. The blood sugar levels were
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initially assessed using an intrusive medical tool called
an easy-touch glucometer, which involved pricking the
volunteer’s finger with a specialized needle to obtain a
blood sample. The levels were categorized as low, nor-
mal, or high. A total of 20 tests were carried out on
each volunteer using saliva samples for non-invasive sen-
sor testing. To ensure accurate measurements, volunteers
were instructed to fast for 8 hours before testing. After
fasting for at least 8 hours, subjects were tested before
eating for more reliable findings. This study was con-
ducted in accordance with the principles of the Dec-
laration of Helsinki, and all patients provided verbal
informed consent prior to enrollment.

As in [15] the correlation between saliva glucose
and blood glucose was found to be relatively high and
stable before breakfast. In general, unstimulated parotid
salivary glucose before breakfast presents an ideal saliva
collection method to replace blood glucose used to detect

(a)

(b)

Fig. 2. (a) Sensor measurement process for detecting glu-
cose levels with saliva samples using a vector network
analyzer and (b) process of injecting saliva sample on
flexible sensor.

diabetes mellitus, providing a reference for the predic-
tion of diabetes mellitus. This study uses invasive medi-
cal devices to analyze saliva and blood test results.

Similar to previous research analysis, frequency was
used to enable blood sugar sensor feasibility, with a
particular focus on examining variations in testing fre-
quency. Figure 2 shows the measurement procedure of
the saliva glucose sensor. The testing technique utilizes
needleless injection equipment, glass slides, sensors, a
pocket Vector Network Analyzer (VNA), and a laptop.

The initial stage of examination involves placing
an individual saliva specimen and positioning it close
to the sensor on the slide. This is achieved by employ-
ing a needle-free injection of 1 mg/dl with a uniform
sample volume for every measurement, positioning the
sample directly on the object glass, which is situated
above the sensor. In this work, the author employed a
sensor equipped with a disposable glass preparation to
ensure the safety of volunteers from potential biomolec-
ular effects present in the saliva of participants. The glass
preparation was used only once by each volunteer and
subsequently discarded. After connecting the SMA con-
nector and pocket VNA, the measurement signal can be
directly checked on the laptop. The impact of saliva on
a sensor with a PET substrate is mainly visible from the
frequency shift caused by the spillage of saliva on the
sensor.

III. RESULTS AND DISCUSSION
A. Sensor performance on saliva samples

Figure 3 shows the S-parameter of the flexible sen-
sor, both measured and simulated. The CPW feeding line
is connected to the sensor using a SMA connector. The
simulation yielded an S11 value of -20.76 dB at a fre-
quency of 2.458 GHz, with a bandwidth of 894.8 MHz,
as shown by the black curve in Fig. 3. By contrast, the
prototype sensor’s measurement yielded a red curve with
an S11 value of -25.14 dB at a frequency of 2.462 GHz
and 1200 MHz bandwidth. The measurements were con-
ducted solely on the sensor, without any samples being
used.

According to the results of the conducted compar-
isons, there are discrepancies between the simulation
results and the sensor measurements, which result in
variations in the working frequency, S11, and bandwidth
of the sensors. The frequency shift may result from a
large reflection when measuring the sensors and loss
from the connector port and the measuring apparatus.
The error value for both results is 0.16% as calculated
using equation (1).

To analyze and measure the electric field (E-field)
of the proposed resonator, we conducted an E-field sim-
ulation at the resonant frequency of 2.45 GHz. This sim-
ulation was done for the circular resonator both before
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Fig. 3. Measured and simulated S-parameters of the pro-
posed flexible sensor.

and after the ring slot was added. Figure 4 (a) presents
the E-field of the circular resonator without a ring slot
added. Figure 4 (b) shows the circular resonator with a
ring slot added. The results clearly demonstrate that the
ring slot yields the highest E-field intensity in the central
area. However, the E-field of a circular resonator without
a ring slot is located near the edge of the patch. Con-
sequently, the region with the strongest E-field, which
includes the ring slot, can serve as a precise location
for detecting hotspots and placing the saliva sample. It
should be noted that saliva placement on the hot spot
area greatly affected the frequency shift, sensitivity, and
performance of the sensor. The maximum E-field was
observed at 13 kV/m.

Table 2 lists the experimental results using saliva
samples from 20 volunteers. Studies have shown that the
frequency range for blood sugar levels below 125 mg/dl
is between 1.5 GHz and 2.16 GHz. Diabetic frequency
occurs when blood sugar levels exceed 125 mg/dl and
goes beyond 2.3 GHz. This demonstrates that the fre-
quency of high blood sugar levels rises.

Fluctuations in BGLs can alter the permittivity of
saliva, which is a bodily sample similar to blood. Conse-
quently, the sensor exhibits high sensitivity to changes in
permittivity. This is supported by Turgul’s research [16],
which demonstrates that the frequency shift is more pro-
nounced when liquid samples containing high concentra-
tions of glucose are used. In addition, Jha’s research [17]
demonstrated that higher concentrations of glucose led to
an increase in frequency. Specifically, samples with 20%
glucose levels had a frequency of 2.97 GHz, whereas
samples with 30% glucose levels had a frequency of 3
GHz. This demonstrates that frequency moves towards
higher values when the glucose level in a sample is high.
This aligns with the research findings we acquired, as
illustrated in Fig. 5.

(a) (b)

Fig. 4. (a) E-field of the circular resonator and (b) E-field
of the circular resonator with a ring slot added.

Table 2: Experiments using saliva samples on the RSCR
sensor

No. BGL
(mg/dl)

Frequency
(GHz)

S11
(dB)

Bandwidth
(MHz)

1 74 1.5588 -19.98 84.05
2 78 1.6801 -27.35 111.6
3 82 1.8316 -22.39 75.4
4 83 1.8582 -25.42 65.1
5 87 1.9274 -19.82 64.9
6 88 1.9338 -20.00 83.75
7 89 1.9903 -19.56 66.1
8 90 2.0209 -26.14 73.8
9 91 2.0314 -19.71 54

10 92 2.0812 -36.33 82.6
11 102 2.1109 -26.54 68.8
12 105 2.1505 -25.99 80.85
13 112 2.1615 -24.62 87.7
14 145 2.3387 -21.46 51.55
15 200 2.6022 -18.01 52.65
16 202 2.6071 -19.45 52
17 202 2.6075 -19.34 87.8
18 215 2.6196 -28.03 50.7
19 216 2.6318 -27.66 53.2
20 230 2.7596 -20.57 52.95

Figure 5 illustrates the relationship between sam-
pling conducted using saliva and blood. Both samples
underwent testing using the proposed RSCR sensor. The
graph clearly demonstrates that both samples exhibit
identical characteristics. The frequency of occurrence
rises in direct correlation with the elevation of sugar
levels. Furthermore, we conducted experiments utiliz-
ing various quantities of saliva through a needle without
injection, as detailed in Table 3.

Table 3 presents the findings of experiments con-
ducted on saliva samples with varying sample volumes.
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Fig. 5. Saliva and blood samples correlation graph.

Table 3: Saliva experiments using different volumes of
saliva
No mg/dl 0.1 cc/ml 0.2 cc/ml 0.3 cc/ml 0.4

cc/ml
1 80 1.722

GHz
1.716
GHz

1.752
GHz

1.754
GHz

2 83 1.862
GHz

1.878
GHz

1.869
GHz

1.859
GHz

3 216 2.719
GHz

2.7732
GHz

2.7349
GHz

2.756
GHz

The experiments examined three different glucose lev-
els: 80 mg/dl, 83 mg/dl, and 216 mg/dl. The results indi-
cate that there was no notable variation in frequency
when sample volumes ranged from 0.1 cc/ml to 0.4
cc/ml for these glucose levels. These findings show that
a large volume of a sample does not have a significant
influence.

Furthermore, as stated in [18], diabetics exhibited
significantly elevated amounts of glucose in their saliva
compared to the control group. A significant positive
correlation was found between salivary glucose level
(SGL) and BGL in diabetics as well as controls. SGL
is directly influenced by glycemia and thus can be used
to monitor BGL in diabetics. No positive correlation
was found between SGL and HbA1c, nor was any cor-
relation found between SGL, age, sex, and duration of
disease.

Through the findings obtained, saliva can be used as
a routine potential diagnostic tool in assessing diabetes
mellitus. It is a simple and noninvasive technique for
screening and monitoring this disease. Repeated painful
finger pricks, the hazard of getting infections, compli-
cations in hemophiliac patients, and various other dis-
advantages that involve the blood tests currently used

for diagnosis and monitoring of this widely preva-
lent diabetes mellitus disease, can be replaced by non-
invasive tests involving saliva, which is also cost-
effective. Therefore, this research focuses on saliva
samples.

B. Comparison of past research results
In this paper, we introduce a flexible RSCR as a

sensor for salivary glucose testing. The proposed sen-
sor has a sensing hot spot at the center, allowing it to
detect and respond to any sample placed on top of the
sensing area, resulting in a significant frequency change.
Table 4 shows a comparison between the proposed work
and the existing sensors. Table 4 presents the novelty
of the proposed sensor by the introduction of the flexi-
ble RSCR. Another novelty, the RSCR has independent
characteristics, it is suitable for detecting glucose levels
in saliva. Moreover, this study also presents the correla-
tion between BGL and saliva by involving 20 volunteers
with 20 times separated tests. Additionally, the study
involved trials utilizing varying volumes of saliva. Based
on the measurements, the frequency of saliva secretion
increased in direct correlation with the rise in glucose
levels.

Previously, sweat and skin samples have been uti-
lized by researchers. In [19], the skin was subjected to
frequencies ranging from 0.5 to 4 GHz. Similarly, [20]
utilized PET material in conjunction with sweat sam-
ples for their research. The antenna was positioned on
the skin by the researcher to unveil a frequency shift that
exhibited a positive correlation with the concentration of
glucose. This study utilized a skin adhesion method for
data collection, but it did not include a comparison of
the obtained results with established industry-standard
instruments. Consequently, the correctness of the find-
ings remains undetermined.

Authors [21] discovered that the frequency was 2.14
GHz at 10% glucose levels, 2.18 GHz at 30% ethanol,
2.24 GHz at 50%, 2.3 GHz at 70%, and 2.37 GHz at
90%. Therefore, a sample with a higher glucose con-
centration generates a larger frequency even with var-
ied substrates. According to [17], the frequency of water
was 2.89 GHz, 20% of glucose samples had a frequency
of 2.97 GHz, 25% had a frequency of 2.99 GHz, and
30% had a frequency of 3 GHz. Two percent glucose
in ethanol samples produced frequencies at S11 of 165
MHz, 170 MHz, 180 MHz, 190 MHz, 200 MHz, 220
MHz, 230 MHz, and 240 MHz, and 80% ethanol pro-
duced 240 MHz in the study [2]. This demonstrates that
as liquid glucose levels rise, so does the test frequency.
According to [17], the frequency was 3.52 GHz at 0
mg/dl and 3.55 GHz at 2000 mg/dl of glucose. This
attests to the frequency increase in glucose levels. Table 4
provides a summary.
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Table 4: Comparison of the results of previous studies
Ref Model Resonance

Frequency
(GHz)

Material Under
Test

Sample Under Test Measured
Parameter

[7] NA NA Flexible Saliva NA
[8] NA NA Flexible Sweat and sugary

drinks
NA

[19] NA 0.5−4 Flexible Skin S11
[20] NA > 1 Flexible Sweat S11
[21] Multiple Complementary

Split-Ring Resonator
2.45 Solid Liquids S21

[17] NA 1-18 Solid Glucose liquid S21
[22] Planar U-Shaped

Resonator
0.1664− 0.2875 Solid Ethanol S11

[16] NA 0.3−15 Solid Liquids S11
[23] NA 2.45 Flexible Saliva S11
[24] NA 60 Solid Glucose liquid sample S21
[25] NA 0.3−67 Solid Glucose solution and

blood samples
S21

[26] NA 7.5 Flexible Glucose solution S21
[27] Cylindrical Biosensor 2.4 Flexible Finger S11
[28] Microstrip Ring Resonator 0.0855 Solid Constration of glucose S11

This Work Ring Slot Circular
Resonator

2.45 Flexible Saliva S11

IV. CONCLUSION
In this paper, we have successfully developed a

flexible ring slot circular resonator for salivary glucose
detection. The proposed sensor operates at 2.45 GHz for
unloaded frequency and shifts to 1.55 GHz for loaded
frequency. In addition, the proposed device has indepen-
dent characteristics with the center sensing area, so that
it can be used for biological liquid sample measurements
such as saliva and blood. From these measurements, the
frequency range for blood sugar levels below 125 mg/dl
is from 1.5 GHz to 2.16 GHz. Diabetic frequency arises
when blood sugar levels surpass 125 mg/dl and exceed
2.3 GHz. The error of 0.16% was obtained for the S11
simulation and measurement results. This sensor can be
recommended as an alternative solution for BGL detec-
tion. The findings indicate that the quantification of 20
saliva samples was successfully accomplished. In addi-
tion, throughout the testing process utilizing blood sam-
ples, the findings were mostly similar to those obtained
from saliva samples. Furthermore, there was a noticeable
shift towards higher frequencies when the blood sugar
levels of the volunteers were elevated.
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