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ABSTRACT 

This paper discusses about estimation of glucose concentration in blood using a Triple pole 

Complementary split ring resonator (TP-CSRR) antenna. Glucose concentration in blood is the direct 

indicator of Diabetes disease. The designed microstrip antenna operates in range of 2-5 Ghz and has a 

resonance frequency of 3.35 Ghz when simulated. When the antenna is excited, blood acts as dielectric 

load to it. Hence the glucose concentration of blood affects the resonant frequency and amplitude at 

resonant frequency of the s21 parameter of the antenna. Using this information, we can estimate the 

glucose concentration of blood sample. Debye model was used to model the blood. It is effective in 

detecting glucose concentration of Type-2 diabetes (70-120 mg/dL). The amplitude sensitivity is 0.58 

dB(mg/ml) and frequency sensitivity is 583 Mhz/(mg/ml). 
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1. INTRODUCTION 

Diabetes is a growing disease across the world [2]. With changing lifestyles this disease is spreading its 

arms into the younger generation too, taking a toll to their happiness. Over 422 million are suffering 

from diabetes across the world and the rate at which the numbers are rising is baffling. Diabetes is 

considered as metabolic disorder of hormone insulin production by pancreas gland. This hormone helps 

cells absorb glucose in blood. So, due to lack of this hormone the glucose level in blood rises making it 

an apt indicator to test for.  

The blood glucose concentration is clinically measured to in mg/dL units i.e., milligrams of glucose in per 

decilitre of blood sample. In fasting glucose concentration of 100-125 mg/dL is considered normal and 

more than 126 mg/dL is considered as Hyperglycaemia. A concentration less than 100 mg/dL is 

considered as Hypoglycaemia and this too need medical attention.  

The current prevalent method of glucose testing involves BGL measurements and can’t be used to test 

the glucose levels in live time. Making Glucose concentration testing easier and chemical free is an hour 

of need with rising number of patients. The test must be made easier. This paper is one step towards 

that attempt. 

The primary objective of this antenna is to detect blood glucose level around 80-180 mg/dL. The 

dielectric permittivity of blood changes with varying glucose levels. This blood acts as a dielectric load 

to the antenna and causes change in amplitude at resonance frequency of s21. The blood container 

shown in figure is made of Pexaglass material and it along with blood in it acts as dielectric load. The 

paper organized as follows: Chapter 2 discusses about proposed biosensor and its measurements. 

Chapter 3 extensively tells how blood was modelled using the Debye model and MATLAB code to find 

the blood concentrations where we need it. Chapter 4,5,6 discusses about the Performance and 

sensitivity calculation of the given sensor and we conclude the paper in chapter 7.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

2.PROPOSED BIOSENSOR 

2.2 Background 

Various sensors have been used in the literature to detect the change in permittivity constant of a material [4]. 

Patch antennas, Ring antennas, Split ring Resonators were discussed in the literature out of which CSRR was found 

to be most effective and sensitive. So, we choose to use TP-CSRR in this paper [1].  

The design parameters have been optimized for maximum sensitivity of glucose detection.  

 

 

2.3 Design  

The Triple Pole Complementary Split Ring Resonators (TP - CSRR) were carved on the upper face of FR4 substrate 

(Ԑr= 4.4, tangent loss=0.02) and length and breadth is shown in the above table. A glass container is height of 

height 2.6mm and glass thickness 0.3mm is placed over the TP-CSRR antennas to act as load to the antenna. A 

blood material is of dielectric permittivity and tangent loss described vividly in next section. It was excited and 

then s11 parameter sweep was used to determine the resonant frequency and amplitude at resonant frequency 

was used to determine the glucose concentration. 

Figure I: CSRR antenna design with labels 

 

 

Figure II: Container to accommodate blood sample



 

Table I: Values of Design parameters 

 

Design parameter  Value (in mm) 

Width (w) 20 

Length (l) 66 

Thickness of substrate(h) 0.8 

Slot inner radius ( rin) 4.04 

Slot outer radius (rout) 4.54 

Slot width (s) 0.5 

d1 15.46 

d2 3.92 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

3. DEBYE MODEL 

Debye model is used to simulate the blood by the following relation [3]. This was published by Peter Debye in the 

19th century. According to this model the permittivity of blood is dependent on the frequency(w). The relative 

permittivity can be estimated using three parameters which are static permittivity at lower frequencies, the 

permittivity at higher frequencies and the relaxation time of the medium. For aqueous solution with a solute and 

solvent this can further be extended using the concentration of the solute(q), which is glucose here.  

 

 

Equation I: This equation relates relative permittivity of blood in terms of frewuency and glucose concentration 

 

Where each denotes the following, 

Ԑr(q) = 5.38 + 30. 10-3. Q 

Ԑstat(q) = 80.63 – 0.207.10-3. q  

T(q) = 9.68 + 0.23.10-3. q  (ps) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

4.SIMULATION PERFORMED 

The above-mentioned antenna was designed and blood was defined as a material as described in the Debye 

model. Then s21 parameter’s plot was obtained for various glucose concentrations as shown in Figure 3. To do a 

comparative study we plotted them in the same graph. The four different plots are corresponding four different 

concentrations. We can clearly see that the antenna is frequency sensitive as well as amplitude sensitive to the 

change in glucose concentration.  

 

Figure III: s21 parameter plot for four different concentrations 

 

 

By observing the above, we can note the following values to understand the relation between them.  
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4. OBSERVATIONS 

 

Table II: Resonant Frequency and their amplitudes at Resonant Frequency Corresponding 

to concentrations 

Concentration (mg/dL) Resonant Frequency (Ghz) Amplitude at Resonant 

Frequency(dB)  

60 3.34 -18.1219 

100 3.31 -17.9947 

140 3.29 -17.8272 

180 3.27 -17.4859 

 

 

5. RESULTS 

When antenna’s s21 parameters are obtained with blood with various glucose 

concentration as load. The above clearly shows us the that the s21 parameter plot varies 

according to the concentration of the glucose levels in the blood. The Frequency 

sensitivity of the antenna is 0.0583 Ghz/(mg/ml) and the amplitude sensitivity is 0.53 

dB/(mg/ml). So, this difference in s21 parameter can be used to know the glucose 

concentration in blood. 
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CONCLUSION 

This paper designed and proposed a novel microwave biosensor that is used to measure 

the glucose concentration in blood in 2-5 Ghz band. A microwave Transmission line was 

used to excite the TP-CSRRs. This sensor has achieved an Amplitude sensitivity of 0.53 

dB/(mg/ml) and frequency sensitivity of 538 MHz/(mg/ml).  To implement a real sensor a 

micro strip antenna must be printed and it can be analyzed using vector network analyzer 

(VNA). When an unknown blood sample is loaded onto the glass container its resonant 

frequency and amplitude at resonant frequency would help us determine the glucose 

concentration in blood by comparing them with previously obtained data given in Table 

II.  
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Abstract: This paper discusses about estimation of glucose 

concentration in blood using a Triple pole Complementary split 

ring resonator (TP-CSRR) antenna. Glucose concentration in 

blood is the direct indicator of Diabetes disease. The designed 

microstrip antenna operates in range of 2-5 Ghz and has a 

resonance frequency of 3.35 Ghz when simulated. When the 

antenna is excited, blood acts as dielectric load to it. Hence the 

glucose concentration of blood affects the resonant frequency and 

amplitude at resonant frequency of the s21 parameter of the 

antenna. Using this information, we can estimate the glucose 

concentration of blood sample. Debye model was used to model 

the blood. It is effective in detecting glucose concentration of 

Type-2 diabetes (70-120 mg/dL). The amplitude sensitivity is 0.58 

dB(mg/ml) and frequency sensitivity is 583 Mhz/(mg/ml). 

Keywords: Complementary Spilt Ring Resonator, Debye Model, 

Permittivity, Hyperglycemia.  

I. INTRODUCTION 

Diabetes is a growing disease across the world [2]. With 

changing lifestyles this disease is spreading its arms into the 

younger generation too, taking a toll to their happiness. Over 

422 million are suffering from diabetes across the world and 

the rate at which the numbers are rising is baffling. Diabetes 

is considered as metabolic disorder of hormone insulin 

production by pancreas gland. This hormone helps cells 

absorb glucose in blood. So, due to lack of this hormone the 

glucose level in blood rises making it an apt indicator to test 

for.  

The blood glucose concentration is clinically measured to 

in mg/dL units i.e., milligrams of glucose in per deciliter of 

blood sample. In fasting glucose concentration of 100-125 

mg/dL is considered normal and more than 126 mg/dL is 

considered as Hyperglycemia. A concentration less than 100 

mg/dL is considered as Hypoglycemia and this too need 

medical attention. 
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The current prevalent method of glucose testing involves 

BGL measurements and can’t be used to test the glucose 

levels in live time. Making Glucose concentration testing 

easier and chemical free is an hour of need with rising 

number of patients. The test must be made easier. This paper 

is one step towards that attempt. 

The primary objective of this antenna is to detect blood 

glucose level around 80-180 mg/dL. The dielectric 

permittivity of blood changes with varying glucose levels. 

This blood acts as a dielectric load to the antenna and causes 

change in amplitude at resonance frequency of s21. The 

blood container shown in figure is made of Pexaglass 

material and it along with blood in it acts as dielectric load. 

The paper organized as follows: Chapter 2 discusses about 

proposed biosensor and its measurements. Chapter 3 

extensively tells how blood was modelled using the Debye 

model and MATLAB code to find the blood concentrations 

where we need it. Chapter 4,5,6 discusses about the 

Performance and sensitivity calculation of the given sensor 

and we conclude the paper in chapter 7.  

II. PROPOSED BIOSENSOR 

A. Background 

Various sensors have been used in the literature to detect 

the change in permittivity constant of a material [4]. Patch 

antennas, Ring antennas, Split ring Resonators were 

discussed in the literature out of which CSRR was found to 

be most effective and sensitive. So, we choose to use 

TP-CSRR in this paper [1].  

The design parameters have been optimized for 

maximum sensitivity of glucose detection.  

B. Design  

The Triple Pole Complementary Split Ring Resonators 

(TP - CSRR) were carved on the upper face of FR4 substrate 

(Ԑr= 4.4, tangent loss=0.02) and length and breadth is shown 

in the above table. A glass container is height of height 

2.6mm and glass thickness 0.3mm is placed over the 

TP-CSRR antennas to act as load to the antenna. A blood 

material is of dielectric permittivity and tangent loss 

described vividly in next section. It was excited and then s11 

parameter sweep was used to determine the resonant 

frequency and amplitude at resonant frequency was used to 

determine the glucose concentration. 
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Figure I: CSRR antenna design with labels 

 

 

 
Figure II: Container to accommodate blood sample 

 

C. Design Parameters  

Table I: Values of Design parameters 

Design parameter  Value (in mm) 

Width (w) 20 

Length (l) 66 

Thickness of substrate(h) 0.8 

Slot inner radius ( rin) 4.04 

Slot outer radius (rout) 4.54 

Slot width (s) 0.5 

d1 15.46 

d2 3.92 

III. DEBYE MODEL 

Debye model is used to simulate the blood by the 

following relation [3]. This was published by Peter Debye in 

the 19th century. According to this model the permittivity of 

blood is dependent on the frequency(w). The relative 

permittivity can be estimated using three parameters which 

are static permittivity at lower frequencies, the permittivity at 

higher frequencies and the relaxation time of the medium. 

For aqueous solution with a solute and solvent this can 

further be extended using the concentration of the solute(q), 

which is glucose here.  

 
Equation I: This equation relates relative permittivity of 

blood in terms of frewuency and glucose concentration 

 

Where each denotes the following, 

     Ԑr(q) = 5.38 + 30. 10-3. q 

  Ԑstat(q) = 80.63 – 0.207.10-3. q  

  T(q) = 9.68 + 0.23.10-3. q  (ps) 

IV. SIMULATION PERFORMED 

The above-mentioned antenna was designed and blood 

was defined as a material as described in the Debye model. 

Then s21 parameter’s plot was obtained for various glucose 

concentrations as shown in Figure 3. To do a comparative 

study we plotted them in the same graph. The four different 

plots are corresponding four different concentrations. We can 

clearly see that the antenna is frequency sensitive as well as 

amplitude sensitive to the change in glucose concentration.
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Figure III: s21 parameter plot for four different concentrations 

 

V. OBSERVATIONS 

By observing the above, we can note the following values 

to understand the relation between them.  

 

Table II: Resonant Frequency and their amplitudes at 

Resonant Frequency Corresponding to concentrations 

Concentration 

(mg/dL) 

Resonant 

Frequency 

(Ghz) 

Amplitude at 

Resonant 

Frequency(dB)  

60 3.34 -18.1219 

100 3.31 -17.9947 

140 3.29 -17.8272 

180 3.27 -17.4859 

VI. RESULTS  

When antenna’s s21 parameters are obtained with blood 

with various glucose concentration as load. The above clearly 

shows us the that the s21 parameter plot varies according to 

the concentration of the glucose levels in the blood. The 

Frequency sensitivity of the antenna is 0.0583 Ghz/(mg/ml) 

and the amplitude sensitivity is 0.53 dB/(mg/ml). So, this 

difference in s21 parameter can be used to know the glucose 

concentration in blood. 

VII. CONCLUSION 

This paper designed and proposed a novel microwave 

biosensor that is used to measure the glucose concentration in 

blood in 2-5 Ghz band. A microwave Transmission line was 

used to excite the TP-CSRRs. This sensor has achieved an 

Amplitude sensitivity of 0.53 dB/(mg/ml) and frequency 

sensitivity of 538 Mhz/(mg/ml).  To implement a real sensor 

a micro strip antenna must be printed and it can be analyzed 

using vector network analyzer (VNA). When an unknown 

blood sample is loaded onto the glass container its resonant 

frequency and amplitude at resonant frequency would help us 

determine the glucose concentration in blood by comparing 

them with previously obtained data given in Table II.  
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