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Abstract 

This research presents an innovative concept for an EM 

bio-sensor, validated through a realistic human head voxel 

model for detecting Alzheimer's disease of three different 

stages (mild, moderate and severe) in the human brain. The 

sensor was simulated using CST Studio. The key finding is 

that the EM bio-sensor can easily detect Alzheimer's 

disease. With its realistic approach for clinical applications, 

this method is suitable for non-invasive RF sensing in 

biomedical applications, offering benefits such as low cost, 

highly sensitive and compact. 

 

1. Introduction 
 

Alzheimer's disease is a progressive brain disorder marked 

by the buildup of specific proteins in the brain. This 

condition leads to brain shrinkage and the gradual death of 

brain tissue. As the leading cause of dementia, Alzheimer's 

results in a steady deterioration of memory, cognitive 

abilities, behavior, and social skills, significantly impairing 

a person's capacity to function [1-2]. Recently, more than 

55 million people worldwide are having dementia, with 

over 60% of them living in developing countries. New 

cases around 10 million are diagnosed each year [3-6]. 

Microwave sensing is increasingly recognized as a 

promising technique for medical screening due to its 

numerous benefits [7]. These include lower power 

consumption, low consumption, low price, reliability, 

security, and adequate depth of propagation in deep-tissue 

monitoring. In particular, lower frequency bands (1-4 GHz) 

allow for superior propagation depth compared to other 

methods. This makes microwaves ideal for applications 

requiring deeper penetration, such as all over brain 

screening, breast health surveillance, and implant 

communications like capsule endoscopy [8-11]. 

 

This paper proposes a microwave sensor designed for 

detection of Alzheimer’s disease of different stages by 

examining changes in frequency response due to variations 

in the brain tissue's relative permittivity. Early detection of 

these diseases allows for more effective treatment since the 

conditions are identified in their initial stages. This 

detection method is cost-effective compared to the 

techniques currently in use. 

 

2. Design of Proposed Microwave Sensor 

 

(a) (b) 

 

Figure 1. Proposed EM sensor (a) front view (b) Back 

view 

The proposed microwave sensor, depicted in Figure. 1, 

generates a single resonant frequency within the 1 GHz to 

3 GHz range. This resonant frequency is employed to 

detect Alzheimer's disease. The resonant frequency is 

specifically observed at 2.24 GHz for S11 and 2.23 GHz for 

S22 as shown in Figure.2. A microstrip transmission line is 

employed to convey power between two ports. A ground 

plane is situated beneath the substrate. The designed sensor 

is constructed on Rogers 5880 substrate, which has a 

relative permittivity (ε𝑟) of 2.2 and a thickness (h) of 3.175 

mm. 

 

 
TABLE I.  STRUCTURAL PARAMETERS OF THE 

PROPOSED EM SENSOR (IN MM) 
 

Variables 𝑾 𝑳 𝒂 𝒃 𝒄 

Size 35 𝑚𝑚 85 𝑚𝑚 7 𝑚𝑚 10 𝑚𝑚 10 𝑚𝑚 

Variables 𝒅 𝒓𝟏 𝒓𝟐 𝒈𝟏 𝒈𝟐 

Size 14 𝑚𝑚 7 𝑚𝑚 12 𝑚𝑚 3.50 𝑚𝑚 2.50 𝑚𝑚 

 

3. Operating Principle 

RF sensors continuously emit electromagnetic fields into 

their surroundings. These fields interact with nearby 



objects and reflect back to the sensor. By analyzing the 

frequency shifts of these reflected waves, the sensor detects 

 

(a) (b) 

Figure 2. Reflection Coefficient of the proposed sensor 

(a) S11 (b) S22 

the changes in the biological environment. When any 

changes in brain occur due to Alzheimer’s disease, it can 

alter the relative permittivity of the healthy brain. 

Therefore, as the dielectric constant of the brain changes, 

the resonance frequency of the RF sensor also shifts, 

altering the S11 and S22 parameters from their original 

positions. 

 

The area of the proposed sensor where the electromagnetic 

fields are most focused is utilized for purposes of detection. 

When brain is placed in this region of highest field 

concentration, the sensor shows a prominent response in 

terms of complex permittivity and permeability. The red 

portion in Figure 3. determines the region of high electric 

field concentration. 

 

4. Results and Discussions 

The proposed sensor is placed outside the head voxel 

model as shown in Figure 4. (b) . the interaction between 

the brain and sensor is observed. The head voxel model 

Figure 3. Electric field concentration of the proposed 

sensor 

 

includes shapes and materials representing various regions, 

tissues, and ventricles of the brain. It provided a realistic 

depiction of the human head, featuring different layers such 

as skull, cerebrospinal fluid (CSF), gray matter, skin, and 

white matter shown in Figure 4. (a). 

 

The dielectric properties of specific regions and tissues 

were adjusted to align with the measurements obtained 

from dielectric assessments of the tissues. The dielectric 

properties of the brain are changed in accordance with the 

Alzheimer’s disease. Different parts of brain affected in 

case of Alzheimer’s disease (AD) for different stages are 

represented in Figure 5. Table II. lists the specific region of 

brain that were affected during Alzheimer’s Disease due to 

formation of plaque and tau protein. 

 

A shift in amplitude of reflection coefficient (S11) is of 

around 0.3 dB in mild stage AD while 1 dB shift is seen in 
moderate stage AD and a shift of 7 dB in amplitude of the 

resonant frequency is observed in case of severe AD when 

 

 
Figure 3. Electric Field distribution of the proposed sensor 

 

 

 

 

Figure 4. (a) Cross-sectional view of human head voxel 

model and proposed sensor interaction. 

 

(a) (b) 
 

 
(c) 

Figure 5. Regions of brain affected in different Stages of 

Alzheimer’s disease (a) Mild Stage (b) Moderate stage (c) 

Severe Stage 

 

compared with resonant frequency obtained for healthy 

brain as shown in Figure 6(a), Figure 6(b) and Figure 6(c). 

between healthy brain and brain having Alzheimer’s 



disease when the proposed is placed near the head voxel 

model. The dielectric properties of healthy brain and 

Alzheimer’s disease are shown in Table III. and Table IV. 

Therefore, this difference in the magnitude of S11 

parameters determines whether the person is having 

Alzheimer’s disease. 

TABLE II. REGIONS OF BRAIN AFFECTED DURING 

DIFFERENT STAGES 
 

𝑺𝒕𝒂𝒈𝒆𝒔 
𝑩𝒓𝒂𝒊𝒏 𝒓𝒆𝒈𝒊𝒐𝒏 

𝒂𝒇𝒇𝒆𝒄𝒕𝒆𝒅 

 
Mild 

Alzheimer’ 
s Disease 

1) Medial Temporal lobe (White matter) 

2) Temporal Lobe (white matter and gray 

matter) 

3) Parietal Lobe (white matter and gray 
matter) 

 

 

 
Moderate 

Alzheimer’ 
s Disease 

1) Medial Temporal lobe (White matter) 

 
2) Temporal Lobe (white matter and gray 

matter) 
 

3) Parietal Lobe (white matter and gray 

matter) 

4) Frontal Lobe (white matter and gray 
matter) 

 

 

 

 

Severe 

Alzheimer’ 
s Disease 

1) Medial Temporal lobe (White matter) 

2) Temporal Lobe (white matter and gray 

matter) 
 

3) Parietal Lobe (white matter and gray 

matter) 
 

4) Frontal Lobe (white matter and gray 

matter) 

5) Occipital Lobe (white matter and gray 

matter) 

 

 

 

TABLE III. RELATIVE PERMITTIVITY OF HEALTHY BRAIN 
 

𝑳𝒂𝒚𝒆𝒓 
𝑮𝒓𝒂𝒚 

𝑴𝒂𝒕𝒕𝒆𝒓 
𝑾𝒉𝒊𝒕𝒆 
𝑴𝒂𝒕𝒕𝒆𝒓 

𝑪𝑺𝑭 

Relative Permittivity 

(𝜀𝑟) 
54.2 37 66 

 

Conductivity(𝜎)(𝑆/𝑚) 
 

1.789 
 

1.194 
 

2.45 

 

 

 

TABLE IV. RELATIVE PERMITTIVITY OF ALZHEIMER’S 

DISEASE IN BRAIN 
 

𝑳𝒂𝒚𝒆𝒓 
𝑮𝒓𝒂𝒚 

𝑴𝒂𝒕𝒕𝒆𝒓 
𝑾𝒉𝒊𝒕𝒆 
𝑴𝒂𝒕𝒕𝒆𝒓 

𝑪𝑺𝑭 

Relative Permittivity 

(𝜀𝑟) 
42 31 34 

 

Conductivity(𝜎)(𝑆/𝑚) 
 

3.969 
 

1.945 
 

3.64 

 

 

(a) 

 

(b) 
 

 

(c) 

 

Figure 6. Shift in S11 between health brain and Alzheimer’s 

disease (a) Mild Stage AD (b) Moderate Stage AD (c) 

Severe Stage AD 

 

5. Conclusion 

This research introduces a novel concept of developing a 

EM bio-sensor, which has been validated through human 

head realistic bead model for Alzheimer’s disease in the 



human brain. The sensor was simulated in CST Studio. The 

key conclusion is that the EM bio-sensor can easily detect 

the Alzheimer’s Disease of three different stages i.e. mild 

AD, moderate AD and severe AD. Given its realistic 

approach for clinical applications, this method is suitable 

for next-generation non-invasive microwave sensing in 

biomedical applications, offering advantages such as low 

cost and miniaturized size. This portable sensor also holds 

potential for smart healthcare applications, especially if 

integrated with a self-powered module. 
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