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 
ABSTRACT 
 
This paper proposes simulation of non-ionizing 
electromagnetic radiation effect of Action Potential (AP) 
signal in the electrical nerve fiber of the human arm model by 
using the Computer Simulation Technology (CST) software. 
In this case, the primary challenge to model the human bodies 
and tissues and to simulate the propagation and introduce 
radiation of an implanted antenna from inside the human 
bodies. Thus, the main contribution of this work is the AP 
signal has been created with different antenna positions in the 
homogeneous human arm flat and cylindrical shape model 
using Ultra Wideband (UWB) coplanar stripline-fed antenna. 
The design of UWB antenna is based on Computer 
Simulation Technology (CST) software and Poly (methyl 
methacrylate) (PMMA) substrate, which operated from 3.1 
GHz to 10.6 GHz. The process of AP signal creation 
including the consideration of the human arm model in the 
complete electrical circuit system based on the schematic 
circuit of the nervous system and implementing of 
Izhikevcih’s MATLAB programming. The simulated 
antenna manages to realize 10.71 GHz bandwidth at two 
resonance frequencies, 5.27 GHz and 9.45 GHz. Overall, the 
proposed system offers the AP signal analysis with difference 
antenna position in the multilayer human arm model and the 
significant effect of radiation is in the cylindrical shape 
model.  
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1. INTRODUCTION 
 
In the era of modernization, people remain exposed to 
electromagnetic radiation in their daily lives due, for 
example, to the continuous development of the use of wireless 
communication devices, mobile telephones as well as base 
stations which are broadly set in the human environment. 
 

 

This causes exposure to electromagnetic radiation from those 
devices to occur constantly in the human body. A variety of 
literature shows the concern that microwave radiate systems 
can affect the health of animals and humans [1]–[9]. Thus, 
the understanding of a human nervous system and its 
physiology is important including the process to produce the 
equivalent circuit of a neuron network. The nervous system 
can control the human body with its nerve and cell network 
complex and collects all the information from the senses and 
is processed through the nerves and the brain. Neuron directs 
the electrical impulses and the chemical neurotransmitters 
are secreted. An Action Potential (AP) is an electrical impulse 
that transfers information from the cell body to the terminal 
buttons via the axon, which is the means of communication 
within a neuron [10]–[13].  
 
The external exposure effects of an electromagnetic 
frequency towards the human body and its cells are being 
influenced mostly by electromagnetic frequency and 
magnitude. Hence, the EM radiation will induce voltages and 
currents in a human body which are associated with the AP 
signal. When the interfering currents and voltages interact 
and exposed to the AP signal over a long period, the electrical 
system of the human body which is the nervous system will 
be disturbed due to the confusion.  A small size UWB 
antenna has been designed for body implanted application to 
study the radiation effect [14]–[21]. The UWB frequency was 
chosen because of the uniqueness of high data transfer rate, 
smaller size, and low cost of production. However, the 
technical challenge happens when the performance of the 
antenna is different when in free space and the human tissue 
[22]–[24]. In [25] the effect of radiation on the nervous 
system was investigated using the cell phone but did not 
discern the age of the sample and the frequency used was also 
different. Therefore, the CST software was used to model 
human tissues and introduce radiation from the inside of 
human bodies from the implanted antenna.  
 
In this paper, the AP acts as a source of the circuit in the 
nervous system of the human body. The design  and 
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simulat ion  of the UWB Coplanar  Str ipl ine-Fed 
antenna by using CST software. Then, the analysis of the 
behavior of the AP signal was conducted when the radiation 
source from the UWB antenna ranging from 3.1 to 10.6 GHz 
frequency appeared. The electromagnetic radiation was 
produced by implanting antenna in the homogeneous model 
of the human arm (flat and cylindrical shape). The main 
focus of the paper is to analyze the AP signal based on 
different positions of the antenna in both models. 
 
2. DESIGN CONFIGURATION 
 
In this research, the UWB coplanar stripline-fed compact 
antenna had been designed to test the electromagnetic effect 
of AP of the human body. The antenna has little losses, low 
fringing, low mutual coupling, good variation in achievable 
impedance levels, high gain for a given size, and low 
likelihood of launching a trapped wave in the dielectric slab. 
The antenna designed with size 35mm x 11.67mm is based on 
a bio-compatible substrate material of the polymer known as 
Poly (methyl methacrylate) (PMMA). The permittivity or 
dielectric constant, Ɛr of this substrate was equivalent to 2.8, 
tangent loss, tan δ was equivalent to 0.04. The thickness of 
the substrate, h, was 0.8 mm. Figure 1 shows the structure of 
the antenna.  

 
Figure 1: UWB Antenna Structure (Front View) 

 
The initial step is to model the simplest form of the actual 
human arm in CST Microwave Studio software with its 
corresponding radiation source. This step is very important to 
know how much the intensity of radiation is being absorbed 
by the nerve fibers. Then, the radiation intensity is 
transformed into an induced source for the Transmission Line 
(TL) circuits. 
The cylindrical homogeneous human arm model is designed 
with the age of 26 years old. The human arm model designed 
in the simulation consists of nine layers as shown in Figure 2. 
All the layers are lossy dielectrics with specific thicknesses 
and complex permittivity which refer to the propagation of 
electromagnetic waves. The electrical properties of human 
arm organs and tissue including thickness, relative 
permittivity, and conductivity at 3.9 GHz and 5.27 GHz is 
considered.  
 
 

 
Figure 2: Human Arm Cylindrical Shape Model 

 
 

The flat homogeneous human arm model is designed with 
different age comprises a child (7 years old), adolescent (26 
years old), adult (38 years old), and every model has a 
dissimilar thickness of tissue layer. Figure 3 shows an 
example of the human arm flat shape model for a child. The 
electrical properties of human arm organs and tissue for child 
7 years old child is shown in Table 1.  
 
 

 
Figure 3: Human Arm Flat Shape Model 

 
 

Table 1: Electrical Properties of Child (7 year old) 
 

Tissue Width 
(mm) 

Relative 
Permittivity at 

3.9 GHz 

Relative 
Permittivity 
at 5.27 GHz 

Skin 2 38.077 33.1299 
Fat 2 5.6540 5.1160 

Upper 
muscle 

8 51.822 44.3977 

Bone 15 51.822 44.3977 
Nerve 8 10.581 8.2924 
Lower 
muscle 

2 30.132 25.4113 
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The nervous system and electric circuit are similar in that, 
they both work on electric charges plus the nervous system 
has a Central Processing Unit (CPU) which acts as a brain, as 
a circuit could have. To observed and analyzed the 
accomplish results that can be related to the real-life situation, 
the homogeneous human arm is modeled as an electrical 
circuit system. Figure 4 shows the homogeneous arm model of 
both flat and cylinder shapes with a fully electric circuit 
system. The nervous system is equipped with bio-electrical 
cable known as nerve fibers.  
 
 

 
Figure 4: Human Arm Model (a)  Flat Shape  (b) Cylindrical Shape 

as Electrical Circuit System 
Figure 5 shows the schematic circuit of the nervous system in 
the human arm model in the CST software. It can be seen that 
the simulation blocks which can be combined to accumulate a 
system. To build a complete circuit, the simulation blocks can 
be linked together which contain the simulated results. 
 
 

 
 
Figure 5: Schematic Circuit of Nervous System (a)  Flat Shape  (b) 

Cylindrical Shape  
 

From the .csv format, the AP signal needs to convert through 
transient simulation in CST software. The AP signal data can 
be obtained from the implementation of the Izhikevcih Matrix 
Laboratory (MATLAB) programming that developed voltage 
points that were converted into input data for both continuous 
linear voltage sources to produce the AP signal. The UWB 
signal interaction with the human body has been studied 
through a layered body model, which based on tissue 
frequency dependence. Figure 6 shows a free view of the 
UWB antenna embedded into the constructed homogeneous 
human arm model with the cylinder and flat shape. Firstly, we 

radiated the homogeneous arm model with the UWB antenna 
which is implanted into the skin. The antenna characteristics 
in the biological tissue environment are different from the 
antenna characteristics in free space. The electrical properties 
of the homogeneous human arm model are available in the 
CST software database to depend on the operating frequency. 
 
 

 
 

Figure 6:  Human Arm Model with UWB Antenna in Vertical 
Orientation (a)  Flat Shape  (b) Cylindrical Shape 

 
The effect of UWB antenna radiation is based on the position 
of an antenna in each tissue layer of the arm model. To study 
the effect of antenna position in dissimilar tissue layer 
towards the AP, the UWB antennas are placed at the center 
of each tissue starting from the skin to the bone as shown 
in Figure 7 and Figure 8 respectively.  
 

 
 

Figure 7:  The position of the UWB antenna embedded in each layer 
of tissue (Flat Shape) 

 

 
Figure 8:  The position of the UWB antenna embedded in each layer 

of tissue (Cylinder Shape) 
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3.  RESULT AND ANALYSIS 
 
Figure 9 shows the result of the return loss of the UWB 
antenna allocated in different spaces which includes the 
subject in free space, 7 years old, 26 years old and 38 years 
old. The performance of the various age in the human arm is 
poor due to distracting by the complexity and inhomogeneity 
of the biological tissue 's loss medium due to antenna 
radiation.  
 

 
Figure 9:  The Comparison of Return Loss of Antenna in Free Space 

and with Homogeneous Human Arm Model at 5.27 GHz (Flat 
Shape)  

 
 
Figures 10, 11, and 12 show the combination of AP signals 
interference by UWB antenna in terms of different ages based 
on flat shape model. It can be seen that different positions of 
an antenna in each tissue will give a different result of AP 
signal interference especially the amplitude signal.  
 

 
Figure 10:  Combination of AP signal interference in each layer of 7 

years old model (flat shape) 
 

 
Figure 11:  Combination of AP signal interference in each layer of 

26 years old model (flat shape) 
 

 
Figure 12:  Combination of AP signal interference in each layer of 

38 years old model (flat shape) 
 

Table 2 comprises the time range of distortion signal (ms) 
and peak-to-peak amplitude (mV) of action potential signal 
of human homogenous arm model in terms of different tissue 
layers when it was exposed to UWB antenna in flat shape 
model. It is found that the peak-to-peak amplitude of fat is 
higher compared to other tissue in the three types of age 
which is 11.32 mV of 7 years old model, whereas the 
peak-to-peak amplitude of 26 and 38 years old model is 11.24 
mV and 8.43 mV, respectively.  
 
Table 2: AP Signal Properties in Different Layers and Model (Flat 

Model) 
 

Human 
Model Arm 

(Age) 

Layer Time 
Range of 
Distortion 

Signal (ms) 

Peak to 
Peak 

Amplitude 
(mV) 

7 years old 

Skin 5.00-7.19 11.05 
Fat 5.00-7.26 11.74 

Muscle 5.00-6.78 11.31 
Bone 5.00-6.87 11.22 

26 years old 

Skin 5.00-7.58 11.13 
Fat 5.00-7.52 11.24 

Muscle 5.00-7.73 10.99 
Bone 5.00-7.19 10.84 

38 years old 

Skin 5.00-7.19 7.09 
Fat 5.00-7.19 8.87 

Muscle 5.00-7.19 8.43 
Bone 5.00-7.19 7.22 

 
 
The cylindrical arm model has more layered tissue than a flat 
arm model, therefore, based on the AP of amplitude signal 
is different when the UWB antennas are placed in a different 
medium as shown in Figure 13. In the cylinder arm model, the 
peak-to-peak amplitude in fat tissue is larger compared to 
other tissue in the arm model which is 11.05 mV, whereas the 
lowest peak-to-peak amplitude is in skin tissue with only 
10.04 mV, followed by muscle as well as vein with 10.84 mV 
and 10.55 mV. All the signal properties is summarized in 
Table 3.  
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Figure 13:  Combination of AP signal interference in each layer of 

26 years old model (cylindrical shape) 
 
 

 
Table 3: AP Signal Properties in Different Layers for Cylindrical 

Model) 
Human 

Model Arm 
(Age) 

Layer Time 
Range of 
Distortion 

Signal (ms) 

Peak to 
Peak 

Amplitude 
(mV) 

26 years old 

Skin 5.00-7.26 10.04 
Fat 5.00-7.67 11.05 

Muscle 5.00-7.74 10.84 
Bone 5.00-6.82 10.55 

 

4. CONCLUSION 
The electromagnetic radiation effect of AP signal in the nerve 
fiber based on UWB coplanar stripline-fed antenna using 
homogeneous human arm (flat and cylindrical shape) has 
been successfully simulated through CST software. The main 
concern is the effect of AP signal properties especially the 
time range of distortion signal and peak-to-peak amplitude in 
different antenna positions and ages. The radiation effect is 
more significant in the cylindrical shape model. For the 
validation process in the future, this method can be applied to 
the low cost actual human arm model.   
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