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Abstract: Stroke is a major cause of disability and death worldwide, and it constitutes a considerable 

burden on global health. Thus, prompt detection of strokes reduces the possible risk of death. In this 

work, an antenna in the form of a Moroccan decoration was proposed for early detection of 

hemorrhagic stroke. This includes testing the five main types of hemorrhagic stroke, which are 

subdural, epidural, subarachnoid, intracerebral, and intraventricular, and this method provides the 

possibility of distinguishing between them, thus reducing the rate of death and disability by a large 

percentage. The proposed antenna is characterized by its small size with dimensions of 30×35×0.62 

mm3, a resonance frequency of 2.806 GHz, a 3.196 GHz bandwidth, and a 2.8 dB gain.  The simulation 

results of the proposed antenna show high efficiency in detecting and distinguishing hemorrhagic 

strokes, as indicated by clear changes in resonance frequency and return losses S11 caused by brain 

percentage change due to hemorrhagic stroke. 
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1. Introduction 
 

A stroke is the interruption of the blood supply carrying oxygen 

and nutrients to critical areas of the brain. Such an 

interruption leads to the loss of cell' function, which in turn 

causes disability or even death for the patient. (Liu et al., 2023). 

Stroke kills 5 million people each year and leaves others 

permanently damaged. It is the third leading cause of death 

after heart disease and cancer, and the second leading cause 

of disability worldwide. Therefore, rapid and accurate 

diagnosis and monitoring of treatment can reduce such risks. 

(Tobon Vasquez et al., 2022). 

Stroke is divided into two types: hemorrhagic and ischemic. 

Ischemic stroke occurs due to an interruption of blood supply 

within a blood vessel, caused by the formation of a blood clot 

inside the blood vessel. In contrast, hemorrhagic stroke occurs 

when a blood vessel in the brain bursts, causing blood to 

accumulate and press on the surrounding brain tissue. 

Hemorrhagic strokes are divided into epidural, subdural, 

subarachnoid, intracerebral, and intraventricular. These types 

differ in the size, shape, and location of the bleeding area 

within the skull, but the symptoms are similar in all types. 

These symptoms include sudden severe headache, dizziness, 

loss of balance, nausea, and vomiting. Misdiagnosis and delay 

of stroke may lead to the prescription of inappropriate 

medication, which may cause death or permanent disability. 

(Phan et al., 2018; Sohani et al., 2019).  

The consequences of delaying stroke diagnosis cause a loss 

of 1.9 million neurons, 14 billion synapses, and twelve 

kilometers of myelinated white matter every minute, hence 

the principle that “time is of the essence for the brain” arose. 

Furthermore, it is worth noting that 40% of cases result in 

death before reaching the hospital. So, it is important to 

reduce the time required to diagnose the type of stroke to 

prescribe suitable care. (Alon & Dehkharghani, 2021). Thus, 

various papers have been published to provide fast and 

accurate methods for early stroke detection. 

Salleh et al. (2019) proposed nine antipodal Vivaldi 

antennas for stroke detection. The proposed antennas 

operate from 2.06 to 2.61 GHz with a 550 MHz bandwidth 

dimensions of 60×50×1.524 mm3 and a gain of 2.45 dB. Smida 

and Smida (2020) proposed using five antennas with different 

designs to detect and locate the stroke based on the SAR. Four 

antennas have dimensions of 66×66 mm², and the fifth 

antenna, which is recognized as the most efficient among 

them, has dimensions of 40×66 mm². The test configuration 

was in the form of an array consisting of eight antennas at a 

time, and all of them worked at a resonance frequency of 2.4 

GHz. Naghavi et al. (2023) designed a bowtie patch antenna 

based on UWB microwave radars to detect strokes and 

bleeding areas inside the head. The proposed antenna 

targeted the unexpected stroke shapes, specifically. The 

reflected signal is converted to an image to determine the 

location of the stroke. This was done by placing 16 antennas 

around the head, each with dimensions of 25×25×2 mm3 and 

(1.2-4.5) GHz bandwidth, but the SAR was not calculated. 

Anwar et al. (2024) used five crescent-shaped sensors of 

different sizes and efficiencies to detect brain atrophy and 

stroke. One sensor with glasses was fixed on each side of the 

head to ensure continuous patient monitoring. Three different 

locations were used to detect hemorrhagic stroke, but the 

type of stroke was not specified. Singh et al. (2024) used two 

antennas placed side by side above the head to detect brain 

hemorrhage. Machine learning was combined with microwave 

sensors to obtain high accuracy in diagnosing the presence of 

a brain hemorrhage. The resonance frequency was 2.45 GHz, 

(1.5-3.17) GHz bandwidth, and the radius dimensions were 

33×33× 0.8 mm3.  

The lack of rapid response or misdiagnosis plays a critical 

role in the stroke effect. Therefore, the development of 

medical engineering led to more research being published to 

introduce devices for detecting the stroke type and its 

progression stage. Such devices ensure that they are: low-cost, 

small, wearable, portable, highly flexible, and have accurate 

results.  Thus, to achieve this, microwave imaging technology 

was introduced as an effective solution in neurological 

medical applications, especially in detecting abnormal 

tissues.  It provides a way to detect the disease and determine 

its type before the patient reaches the hospital. It can be easily 

placed in ambulances, which increases the chances of 

prescribing the proper treatment quickly and reducing 

damage to the brain. Thus, in this work, a small, portable, and 

highly efficient antenna was designed and tested to detect 

and recognize the five main types of hemorrhagic stroke. The 

proposed antenna has dimensions (30 × 35 × 0.62) mm³ and a 

bandwidth of (2.53-5.726) GHz. While the resonance frequency 

is less than 3 GHz. 

The rest of this paper is organized as follows: Section 2 

introduces the antenna design steps. Section 3 includes the 

phantom model head, and in Section 4, the simulation results 

are discussed. The sensor action in hemorrhagic stroke is 

listed in Section 5.  The Specific Absorption Rate (SAR) is 

presented in Section 6. In Section 7, the analysis and 

comparison results are discussed. Finally, conclusions are 

drawn in Section 8.  

 

2. Antenna design steps 
 

In this section, the initial design of the proposed antenna with 

a Moroccan decoration shape is introduced. The antenna size 

is (30 × 35 × 0.62) mm3 and has a bandwidth of (2.53-5.726) GHz. 

The antenna ground and patch are made from annealed 

copper, and the substrate is FR4 material. The dielectric 

constant of the substrate is 4.3, the loss tangent is 0.02, and 
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the dielectric constant for the patch and ground is 0.035. The 

antenna design steps and parameters are shown in Fig. 1 and 

Table 1. The initial dimensions of the antenna are determined 

as follows (Samsuzzaman et al., 2023): 

 

𝑊 =  
𝑐

2𝑓𝑟
 √

2

𝜀𝑟+1
                                          (1) 

𝜀𝑟𝑒𝑓𝑓 =  
𝜀𝑟+1

2
+ 

𝜀𝑟−1

2
(1 + 12

ℎ𝑠

𝑤
)−

1

2                (2) 

𝐿 =
𝑐

2 𝑓𝑟√𝜀𝑟𝑒𝑓𝑓
                                            (3) 

 

Where: W is the width of the patch, c is the vacuum light 

speed, 𝑓𝑟  refers to the resonant frequency,  𝜀𝑟  refers to the 

relative dielectric permittivity, 𝜀𝑟𝑒𝑓𝑓  is the effective 

permittivity of the substrate, ℎ𝑠 is the thickness of the 

substrate patch. 𝐿 is the length of the patch. 

After finding the initial dimensions to achieve the required 

frequency, the rectangular-shaped patch was formed into 

nine connected circles as shown in step 2 in Fig. 1(a). The 

shape was merged with nine circles of the same size and 

details, but with rotation angles of 30 ° and 60 ° to resemble 

Moroccan decorations, as depicted in step-3 Fig. 1(a), (c). The 

ground is cut and adjusted to achieve UWB with good 

directivity and gain, as shown in step 4 in Fig. 1 (a).  

 

 

 

 

Figure 1. (a) Steps of the proposed antenna design, (b) S11 for 

each step, and (c) parameters of the proposed antenna shape. 

Table 1. Parameters of the proposed sensor model. 
 

Parameter Description 
Dim. 

(mm) 

R1 The radius of the outer circle 3 

R2 The radius of the inner circle  2 

R3 
Length of bridge between two 

circles 
1 

R4 
Width of bridge between two 

circles 
0.4 

Wf Width of feedline 1.9 

Lf Length of feedline 10.7 

Lsub Substrate length  35 

Wsub Substrate width  30 

Lgr Ground length  7.8 

Wgr Ground width   30 

Ls1 
Length of the slot in the 

ground 
0.5 

Ws1 
The width of the slot in the 

ground  
14 

Ls2 length of slot-2 in the ground 1.5 

Ws2 
Width of the slot-2 in the 

ground 
10 

hs 
The thickness of the substrate 

patch 
0.62 

 

 

3. The Phantom head model 
 

Computer Simulation Technology Studio (CST) 2023 was used 

to create and simulate the human head model. The head 

model consists of seven layers, which include: skin, fat, skull, 

dura, cerebrospinal fluid (CSF), gray matter, and finally white 

matter, with different dielectric properties for each layer. 

(Lalitha & Manjula, 2024). The parameters of the head model 

are listed in Fig. 2 and Table 2.  

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Head phantom layers proposed format by CST program. 
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Table 2. Parameter values of the head phantom at 2.878 GHz 

resonance. (Https://Itis.Swiss/Virtual-Population/Tissue-

Properties/Database/Database-Summary/, n.d.) 
 

Tissue 
𝜺𝒓 

(F/m) 
𝝈 

(S/m) 
𝝆 

(kg/ m3) 

Thickness 

(radius) 

(mm) 

Blood 57.6 2.93 1050 - 

White matter 35.7 1.44 1041 81 

Gray matter 48.2 2.12 1045 82 

Cerebrospinal 

fluid (CSF) 
65.6 3.88 1007 83 

Dura 41.5 1.93 1174 83.5 

Skull 11.1 0.481 1908 87.6 

Fat 10.7 0.327 911 89 

Skin 37.6 1.68 1109 90 

 

4. Results and discussion  
 

4.1. Reflection characteristic 

The effectiveness of using sensors in neurodiagnostic 

applications must be evaluated.  Thus, the first test was the 

reflectance measurement (S11) (Anwar et al., 2024). The 

computational analysis was performed using the sensor in the 

free space, and then the measurements were made near the 

tissues, as shown in Fig. 3. 

 

 
 

Figure 3. Comparison of reflection loss (S11)  

between Free Space and Near field of the head. 
 

From Fig. 3, it is evident that the sensor has two resonant 

frequencies: 2.878 GHz and 4.6059 GHz, which are suitable for 

neurodiagnostic applications. (Anwar et al., 2024). The first 

frequency is less than 3 GHz, and therefore, it is suitable for 

penetrating the middle of the white matter. While the second 

is suitable for penetrating the gray matter. In addition, the 

bandwidth of 3.1926 GHz is suitable for converting the 

reflected signal into an image to detect the location and size 

of the brain hemorrhage. (Singh et al., 2024). 

 

 

 

4.2. The Gain and the voltage standing wave ratio 

(VSWR) 

Small antennas are preferred in contemporary neurodiagnostic 

applications because of their ease of transport and usage. This 

is a problem because of directivity and gain decrease with 

antenna size. However, the proposed small antenna provides 

good gain and directivity and a VSWR value of less than 2. Thus 

90% of the source power is transferred to the antenna, as 

illustrated in Fig.4 and Table 3. In addition to the above tests, the 

Front-to-Back Ratio (FBR) was evaluated. The FBR represents 

the ratio of radiated power in the front-to-back direction. 

(Anwar et al., 2024). The higher the FBR, the better the antenna 

efficiency and directivity suitable for neurological medical 

diagnosis, as stated in Table 3. 

 
Table 3. Values of gain, directivity, FBR, and VSWR  

for the proposed sensor. 

 
Antenna 

location 
𝒇𝒓 

(GHz) 
Gain 

(dB) 

Directivity 

(dBi) 
VSWR 

FBR 

(dB) 

Free-

space 

2.878 1.92 2.46 1.012 0.605 

4.6059 1.06 2.96 1.28 3.38 

Health 

brain 

2.806 3.58 6.1 1.046 18.26 

4.732 3.39 5.15 1.24 19.6 

 

 

 
 

Figure 4. Directivity (a) in free space and (c) near the head 

phantom and gain (b) in free space and (d) near the head phantom. 
 

4.3. Radiation pattern 

The far-field radiation pattern of the antenna shows the 

direction of the power being transmitted in the forward 

direction, with a decrease in the backward direction. Thus, it 

represents an important metric to evaluate the performance of 

the proposed antenna. (Alqadami et al., 2021). 
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As depicted in Fig.5, it is clear that the antenna's radiation 

pattern is symmetrical in free space, with the major lobe 

orientation at 16.7 dB and 15.8 dB at 2.878 GHz and 4.6059 

GHz, respectively. The semi-directional radiation has a main 

lobe direction of 18.4 dB and a side lobe of -18 dB at 2.806 GHz 

and 18.1 dB with the side lobe of -8 dB at 4.732 GHz when the 

head model is utilized. 

 

 
 

Figure 5. Radiation pattern (a) sensor in free space, (b) sensor 

near the head phantom. 
 

4.4. Surface current and current density 
 

To understand the efficiency of the antenna, it is necessary to 

know the path of the current and the important flow points 

between the feeding point, the radiating patch, and the 

ground. (Alqadami et al., 2021). It is possible to notice the 

openings in the radiating patch and the ground, which 

increase the density of the current at those points.  

 

 
 

Figure 6. (a) and (b), surface current in free space; (c) and (d), 

current density near the head phantom for the sensor. 

 

 

From Fig. 6 (a) and 6(b), it is evident that the distribution of 

the current at 2.878 GHz is mainly produced from the letter U 

of the sensor ground, feedline, and the outer edges of the 

radiating patch. This area caused the frequency to be less than 

3 GHz, while the 4.6 GHz frequency is concentrated at the side 

slots of the sensor ground, in addition to the feedline. Fig. 6 (c) 

and 6(d) show the current distribution density near the head. 

 

5. Sensor action in hemorrhagic stroke  
 

5.1. Epidural hemorrhage 

It is the bleeding between the inner part of the skull and the 

outer cover of the brain, which is called dura mater. It occurs 

due to a blood vessel, often an artery, rupturing because of 

skull fractures. Such bleeding causes blood to collect, forming 

a hematoma. The larger the size of this hematoma, the more 

pressure there is on the brain, and the bleeding spreads 

around the outer cover of the brain (Zohor et al., 2024). As 

blood has a higher dielectric constant, the permittivity of white 

and gray matter is increased by up to 20%. Such an increment 

in white and grey matter provides the possibility of detecting, 

identifying, and classifying the stroke (Liu et al., 2023), as 

shown in Fig. 7 and Table 4. 

 
Table 4. The change in the dielectric properties  

of white and gray matter in hemorrhagic stroke. 
 

Tissue 

10% increase for 

5 mm stroke 

hematoma 

20% increase for 

10- and 20-mm stroke 

hematoma 

𝜺𝒓 
(F/m) 

𝝈  
(S/m) 

𝜺𝒓 
(F/m) 

𝝈  
(S/m) 

White 

matter 

39.

27 
2.12 42.84 2.12 

Gray 

matter 

53.

02 
2.12 57.8 2.12 

Stroke 

hematoma 

63.

36 
3.22 69.12 3.516 
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Figure 7. (a) Types of hemorrhagic strokes in the brain (IsHak, 

2023), (b) A CT scan of epidural hemorrhage (Phan et al., 2018),  

(c) proposed format by CST program, and. (d) comparison of S11 of 

three different sizes (5,10,20) mm of epidural stroke. 

 

According to Figure 7(d), it is possible to observe that the 

sensor differentiates between hemorrhagic clusters based on size 

and the difference in electrical characteristics with increasing size. 

However, they are the same type of hemorrhagic stroke, thus 

giving the paramedic the possibility of knowing the damage that 

occurred to the brain and prescribing the exact treatment based 

on the accuracy of the detection. 

 

5.2. Subdural hemorrhage 

It is a rupture of the pontine veins that represent the junctions 

between brain cells. It leads to bleeding between the inner 

edge of the dura mater and the arachnoid membrane. It is the 

most common condition associated with head trauma 

resulting from abuse. It can be noticed that, similar to epidural 

bleeding, it appears as a convex shape that presses on the 

brain, forming a thick layer of blood (Geoghegan et al., 2023),  

as depicted in Fig. 8. 

 

 
 

 
 

Figure 8. (a) A CT scan of a subdural hemorrhage (Phan et al., 

2018), (b) proposed format by CST program, and (c) comparison of 

S11 of three different sizes (5,10,20) mm of subdural stroke. 

Through the result in Fig. 8 (c), it is possible to observe the 

accuracy of the sensor in differentiating between different 

sizes of the same type of subdural hemorrhagic stroke. 

 

5.3. Subarachnoid hemorrhagic 

This type of bleeding is a global health burden with high rates 

of mortality and permanent disability. It results from the 

rupture of blood vessels within the skull, the leakage of blood 

into the inner space (pia mater) and the middle layer 

(arachnoid), and the mixing of blood with cerebrospinal fluid. 

It occurs due to sudden high blood pressure, emotional shock, 

sudden exercise, and alcoholism (Dreier et al., 2024). The 

simulation results are shown in Fig. 9. 

 

 
 

 
 

Figure 9. (a) and (b), proposed format by CST program, and (d) 

comparison of S11 in two different places for subarachnoid 

hemorrhage with a size of 20mm. 
 

5.4. Intracerebral hemorrhage 

It is a devastating type of stroke where a hematoma forms 

inside the brain tissue due to the rupture of one of the blood 

vessels feeding the brain. This leads to blood leaking into the 

brain tissue and the brain membranes, which causes a cut-off 

of the brain's perfusion. If the brain is cut off for more than 4 to 

6 minutes, the brain tissue dies and loses its function. It occurs 

due to high blood pressure, protein accumulation inside the 

artery walls, and the use of anticoagulant medications 

(Karunarathna et al., 2024), as shown in Fig. 10 (a) and 10(d). 

 

5.5. Intraventricular hemorrhage 

It is bleeding that occurs in the ventricular system of the brain, 

where the cerebrospinal fluid is produced. This condition is 

common in infants, especially those born prematurely or with 

a weight lower than usual. This type is classified into primary 
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and secondary. The primary is limited to the ventricular 

system, accounting for 30%. The secondary type occurs when 

bleeding extends within the brain tissue under the arachnoid, 

representing approximately 70%. Other causes of this type 

include head trauma and malformation of the blood vessels 

within the brain (Essibayi et al., 2023). The results of the 

primary and secondary intraventricular hemorrhage are 

shown in Fig. 10 (b) and 10(c). 

 

 
 

 
 

Figure 10. (a), (b), and (c), proposed format by CST program for 

intracerebral, primary, and secondary intraventricular; and (d) 

comparison of S11 for intracerebral, primary, and secondary 

intraventricular with a size of 20 mm. 
 

6. Specific Absorption Rate (SAR) 
 

The safety requirements of tissues when exposed to 

electromagnetic waves were set by the Federal 

Communications Commission (FCC) and the International 

Commission on Non-Ionizing Radiation Protection (ICNIRP). 

Thus, SAR must be considered in the design of communication 

and wearable devices so that it does not exceed the 

permissible safety limits (Abdul-Al et al., 2022). The SAR should 

not exceed 1.6 W/kg and 2 W/kg for tissue masses weighing 1 

and 10 grams. The SAR values were calculated using an input 

power of 100 mW, as shown in Fig. 11 and Table 5. It was 

evident from both Fig. 11 and Table 5 that the SAR value is 

within the safe level. 

 

 

 

 

 

 

 
 

 
Figure 11. SAR at the resonance frequency  

for healthy brain and stroke. 
 

Table 5. Shifting in resonance frequency, return loss, and the SAR. 
 

Brain 

State 
𝒇 

(GHz) 
∆𝒇 

(MHz) 
𝑺𝟏𝟏 
(dB) 

∆𝑺𝟏𝟏 
(Db) 

SAR 

(W/Kg) 

Healthy 
2.806 - -33 - 0.894 

4.732 - -17.8 - 0.319 

Epidural-5 mm 
2.812 6.1 -24.1 8.86 0.844 

4.726 6 -18.6 0.82 0.493 

Epidural-10 

mm 

2.818 12 -24.7 8.25 1.18 

4.708 24 -20.5 2.72 0.609 

Epidural-20 

mm 

2.8 6 -20 112.9 1.03 

4.702 30 -20.4 2.59 0.497 

Subdural- 5 

mm 

2.812 6 -26.3 6.69 0.923 

4.726 6 -19.3 1.51 0.349 

Subdural-10 

mm 

2.806 0.1 -26.8 6.21 1.22 

4.701 30.1 -20.1 2.27 0.769 

Subdural-20 

mm 

2.824 18 -24.7 8.25 1.02 

4.708 24 -20.8 3.02 0.409 

Subarachnoid-
location 1 

2.81 4 -31.4 1.62 1.2 

4.726 6 -17.7 0.05 0.624 

Subarachnoid-

location 2 

2.806 0.2 -32.4 0.63 0.93 

4.72 12 -17.8 0.02 0.33 

intracerebral 
2.812 6 -33.8 0.84 0.939 

4.75 18 -18.1 0.27 0.344 

Primary 

Intraventricular 

2.812 6 -34.2 1.22 0.938 

4.750 18.4 -18.1 0.32 0.339 

Secondary 

Intraventricular 

2.812 6 -33.7 0.7 0.94 

4.75 18 -18.2 0.42 0.349 
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7. Analyzing and comparing results 
 

Table 5 shows the effectiveness of the proposed antenna and 

its degree of discrimination between five different types of 

hemorrhagic strokes, in addition to discrimination within one 

type based on the change in its size over time, which 

represents an opportunity for the paramedic to determine the 

type of treatment with great accuracy. The first and second 

experiments were conducted on three different sizes of 

epidural and subdural hemorrhage (5, 10, 20) mm as shown in 

Figures 7 and 8, while the third and fourth experiments were 

conducted on two different locations of subarachnoid and 

intracerebral hemorrhage with a size of 20 mm as shown in 

Figures 9 and 10, while in the fifth experiment, primary and 

secondary intraventricular hemorrhage with a size of 20 mm 

were taken as shown in Figure 10. Through the above-

mentioned results, we note the efficiency of the antenna in 

distinguishing between all cases, as well as discrimination 

within the same case with different sizes according to the shift 

in operating frequency and S11, as well as the change in the 

value of the specific absorption rate. 

The comparison with previous works is shown in Table 6, 

and the contribution of our work lies in clarifying the location 

and type of hemorrhagic stroke. As far as we know, the types 

and locations have not been addressed accurately before. In 

addition, when comparing, we notice that the dimensions of 

the proposed antenna are smaller and the bandwidth is wider 

than all previous works. In addition, the safety of the antenna, 

despite its smaller size, is average among them. 

 
Table 6. Comparison of the proposed antenna 

 in this work and previous works. 
 

Ref. 

No. 

of 

Ant. 

Dim. 

(mm3) 

B.W 

(GHz) 
𝒇𝒓 
(GHz) 

SAR 

(W/kg) 

(Salleh et al., 

2019) 

9 
60×50×1.5 

0.55 2.06 – 

2.61 
- 

(Smida & 

Smida, 

2020) 

7 
66×66 

and 40×66 

- 

2.45 
1.44x 

10-5 

(Naghavi et 

al., 2023) 

16 
25×25×2 

3.3 
- 0.5 

(Anwar et 

al., 2024) 

2 27×18×1.6 2 1.9 1.25 

2 17×14×1.6 1 2.6 1.15 

2 90×40×1.6 1.5 2.6 0.506 

2 100×30×1.6 0.1 1.75 0.61 

2 27×18×1.6 1 2.4 0.85 

(Singh et al., 

2024) 

2 
66×66×0.8 

1.67 
2.45 0.0312 

This work  
1 

30×35×0.6 
3.196 2.806 

4.732 

0.894 

0.319 

 

 

8. Conclusions  
 

An antenna with a Moroccan ornamental shape was proposed 

and designed to detect and recognize the five types of 

hemorrhagic stroke. It operates within the UWB range at a 

frequency of less than 3 GHz, capable of penetrating the 

middle of the white and gray cortex, thus speeding up 

treatment and reducing brain damage. In this work, the 

location of the stroke was chosen according to the type of 

stroke as mentioned in real medical references, in addition to 

mentioning the changes and damage that occur in the brain 

with each type, which was not addressed before. Different 

sizes of stroke were also examined, and the results showed the 

extent of the effect of changing the size and location on the 

sensitivity of the antenna and its efficiency. The small size of 

the antenna makes it easy to wear or install in ambulances or 

in the hands of paramedics to place it near the patient. It is 

also lightweight, highly accurate, and safe. Tests were 

conducted to evaluate its efficiency, in addition to measuring 

the directionality, gain, VSWR, FBR, and radiation pattern. The 

results were good in terms of detecting the stroke and 

determining its type, despite the small size of the antenna in 

comparison with previous works. 
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