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Abstract 

Development of lung phantoms for detection of acute 

respiratory distress syndrome 
 

 

Youssef Hasan & Wassim Wahbeh 

 

The goal of this project was to fabricate a deflated and an inflated phantom to replicate how the 

human lung tissues’ permittivity changes under a pathological condition for instance acute 

respiratory distress syndrome (ARDS). Furthermore, the lung phantom should be shaped like real 

human lungs. 

 

We started with the design of the lung shapes using SOLIDWORKS design software, so that they 

could be printed as 3D shapes using 3D printers. We obtained lung-shaped molds in both inflated 

and deflated states, a lung phantom that is affordable, and electrically stable was fabricated 

utilizing a semi-solid Artificial Tissue Emulating (ATE) material. After completing the 

manufacturing of the lung phantoms, they were poured into the previous molds to take the true 

shape of the human lungs. After obtaining the final 3D representative human lung model, we 

measured the electrical properties of the models and compared them to the properties of real 

human lungs, which are important when used for safety testing of electrical devices for medical 

applications. An open coaxial electrical equipment system called (Keysight) with a frequency 

range of 500 MHz to 20 GHz ultra-wideband (UWB) was used to measure relative permittivity 

and loss tangent.  A lung phantom was used to perform these tests, where the presentation of that 

lung phantom and the electrical characteristics of the selected lung phantom were compared to the 

properties of human lung tissues. The dielectric characteristics of the material can change by 

changing the constituent mix (semi-solid ATE mix), where the materials chosen for the phantom 

manufacture are effectively accessible, more affordable, non-toxic in nature. 

 

In conclusion we fabricated an accurate semi-solid lung phantom which imitates electrical and 

physical properties of human lung tissues in both cases, inflated and deflated. 
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Svensk populärvetenskaplig sammanfattning 

 

Detta projekt handlar om idén att tillverka en kollapsad och en uppblåst lung för att replikera 

hur de mänskliga lungvävnadernas permittivitet förändras under ett patologiskt tillstånd, till 

exempel akut andnödsyndrom (ARDS). Lungfantomen bör också ha en form som liknar 

formerna av riktiga mänskliga lungor. 

Vi började med att utforma lungformerna med hjälp av konstruktionsprogrammet SOLIDWORKS, 

så att de kunde skrivas ut som 3D-formar med 3D-skrivare. Vi skapade formar som replikerade både 

en uppblåst och en kollapsad lunga. En lungfantom som är prisvärd och elektriskt stabil tillverkades 

med hjälp av ett halvfast artificiellt vävnadsemulerande (ATE) material. Efter att ha slutfört 

tillverkningen av ATE-materialet hälldes det in i de tidigare formarna för att anta formen av de 

mänskliga lungorna. Efter att ha erhållit den slutliga representativa 3D-modellen av en mänsklig 

lunga mättes de elektriska egenskaperna hos modellerna och jämfördes med de elektriska 

egenskaperna hos riktiga mänskliga lungor, vilket är viktigt när de används för säkerhetstester av 

elektriska apparater för medicinska tillämpningar. Ett öppet koaxialt elektriskt utrustningssystem 

kallat (Keysight) med ett frekvensområde på 500 MHz till 20 GHz ultrabredband (UWB) användes 

för att mäta relativ permititivitet och förlusttangent. En lungfantom användes för att utföra dessa 

tester, där presentationen av denna lungfantom och de elektriska egenskaperna hos den valda 

lungfantomen jämfördes med egenskaperna hos mänsklig lungvävnad. materialets dielektriska 

egenskaper kan ändras genom att ändra den ingående blandningen (halvfast ATE-mix), där de 

material som valts för fantomtillverkning är effektivt tillgängliga, mer prisvärda och giftfria i 

naturen. 

Sammanfattningsvis har vi tillverkat en halvfast lungfantom som imiterar de elektriska och fysiska 

egenskaper hos mänsklig lungvävnad i båda fallen, dvs uppblåst och kollapsad. 
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1 INTRODUCTION 

Biomedical microwave devices are characterized by their electromagnetic interaction with the  

human body, so checking the performance and safety of the systems of these devices is very 

important in the process of technological development. Ensuring the quality and safety of the  

newly designed systems are important. The interaction between the human body and the medical  

devices are inevitable. Therefore, measurements and tests are applied to devices that operate on 

the interaction of the electromagnetic field of the human body before moving on to clinical trials. 

This is done by applying these tests and experiments on Artificial Tissue Emulating (ATE) 

phantoms, which represent the best possible simulating environment of the human body. ATE 

phantoms are used in many medical fields, especially to evaluate medical equipment and devices  

before testing them on humans, as it is an alternative to living biological tissues. The electrical 

properties of these phantoms differ according to their different parts of the body so that they can 

give a realistic picture of the human body. ATE phantoms can be modified to simulate pathological 

conditions, for example respiratory distress syndromes of the lungs. [1] 

 

 

1.1 Background 

 
Acute Respiratory Distress Syndrome (ARDS) is a condition that causes the lungs to malfunction 

so that the lungs stop performing their function of delivering adequate oxygen (O2) to the body's 

organs. This condition is known as pulmonary edema caused by acute inflammation of the lungs, 

and the inflammation causes fluid to leak from the blood vessels into the air sacs. That causes  

damage to the lung tissue and a decrease in gas exchange in the body, and thus damage to the 

nerves and muscles. 

Pneumonia increases the permeability of the capillary-alveolar membrane, which allows fluid to 

pass from adjacent blood vessels. Increasing the amount of fluid in the lungs prevents the lungs  

from filling with air and reduces the possibility of oxygen (O2) being transferred to the body's  

organs through the blood. The direct cause of edema is acute lung inflammation that causes damage 

and the inability of the lung to carry out its vital functions. [2] 
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Figure 1 shows the location of the lung, trachea, and bronchi in the body, as well as the natural  

exchange of oxygen and carbon dioxide. In addition, it can be seen how fluid accumulated inside  

the alveoli for a person with acute respiratory distress syndrome, which prevents the normal 

exchange of gases and oxygen deprivation from the body. 

 

Figure 1: Anatomy of the human respiratory system and effect of fluids on gas exchange [2]. 

 

Early diagnosis of ARDS disease is the most important factor in recovery and avoidance of 

complete damage to the lungs, where ARDS disrupts the work of the respiratory system and could 

led to losing the patient due to lack of oxygen. Acute respiratory distress often results from a serious 

health condition that causes damage to the lungs and disruption of the respiratory system. 

Therefore, the cause of respiratory distress must be addressed [2]. 

 
Because of the requirements for clinical devices that have electromagnetic contact with the 

human body, a significant need to simulate human lungs has existed. Since it is known that 

managing such devices without applying safety tests represents a danger to human health. 

In order to move to clinical trials and to ensure the efficiency of these devices, many tests and 

measurements of the interaction of electromagnetic waves with the human body are conducted. 

Applying this type of experiment directly to humans may be dangerous to their lives and cause  

injuries, in addition the application of such experiments to humans is considered unethical. 
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Therefore, artificial tissue emulating (ATE) materials were designed as an alternative to the tissue 

it imitates, which have similar physical and electrical properties [3]. Figure 2 shows examples 

of simple tissue phantoms in four different materials states. While Figure 3 shows a ready-made 

human lung phantom for testing. 

 

 

Figure 2: Examples of simple tissue phantoms: (a) liquid tissue phantom, (b) hard tissue 

phantoms of the human wrist and rat leg (c) gelatinous phantom, and (d) mock animal tissue. [3]. 

 

 

Figure 3: Human lung phantom for testing: (a) How to take an x-ray of the human lungs. (b) The 

result of the x-ray. (c) Stereoscopic rib cage with skin. (d) Stereoscopic thorax with bronchi. [3]. 

 

 
ATE materials have gained great attention due to the fact that they help apply many of the  

necessary tests and measurements to ensure the safety of medical and biological devices before  

using them on humans. 
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The goal that prompted the researchers to use ATE materials in many biomedical fields is the  

necessity of applying electrical and mechanical tests and many interactions between 

electromagnetic waves and biological tissues. Where (ATE) phantoms are safer, less costly 

alternatives, and carry a great ethical aspect in many of the applications and tests needed in the  

biomedical fields. 

 

 
The types of ATE materials differ according to their composition and according to the type of  

biological tissue to be represented. 

The pros and cons of each material are classified according to the extent to which its electrical  

properties are compatible with a particular tissue. That is, it is possible for a type of material to 

be compatible with a particular tissue, but the same type of material is not compatible with 

another tissue. [3] 

 
 

1.2 Project description and Goal 

 

 
Given the importance of early detection of respiratory distress, a system is being developed that  

will help in early detection of the disease, thus reducing the occurrence of any life-threatening 

complications for patients. The development of this type of system helps doctors to intervene early 

and help patients before their disease development and this requires but before implementation the 

human body. Which could endanger the lives of volunteers, and therefore it is necessary to develop 

phantoms that mimic the characteristics of the human body interms of physical and electrical  

aspects. The project aims to create a phantom that simulates the lungs of the human body 

aggravates, in addition to designing a three-dimensional model of the lungs of the human body. 

The project focuses on creating phantoms that can be subjected to safety tests and that have the  

physical and electrical properties of the human lungs. 
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The project was divided into three parts. In the first part, the most appropriate type of material to  

simulate the human lung was investigated. Several materials were tested to represent pulmonary 

phantoms and be similar in physical and electrical properties to the lungs of the human body. 

 
In the second phase of the project, the aim was to create 3D molds of the human lungs (inflated and 

deflated) and to additively manufacture these molds to fabricate phantoms. 

In the third phase of the study, the aim was to measure the dielectric properties of the fabricated 

phantoms and to compare the values to those of human lung tissue. 

To achieve the purpose of the project, which was fabrication of lung phantoms with similar dielectric 

properties to human lung tissue the following research questions will be answered: 

 

 
1. Which ATE material is best for the lungs in order to design lung phantoms with equivalent 

physical and electrical properties of human lungs? 

 
 

2. In what way can 3D molds to create phantoms for inflated and deflated lungs be used? 

 
 

3. Measuring the dielectric properties of the designed phantoms and see if they are similar to human 

lungs? 
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2. THEORY 

 
2.1 A short overview of the lungs 

 
The lungs are one of the most important organs of the body, as it provides all the cells of the body 

with oxygen (O2). As O2 is essential to the proper functioning of every cell in the body, the lungs 

carry out basic functions for the body. Left and right lungs differ in that the right lung is slightly 

wider than the left lung, the right lung is shorter due to the liver just beneath it, and the left lung is 

narrower due to the heart. [4] 

 
In general, men have larger lungs than women. A man's lung can carry about 1.5 liters of air, while 

a woman's lung can contain between 0.6 and 0.8 liters of air in a resting state, which is a very 

important fact about lungs. [4] 

 
In the right part of the lungs, there are three spongy, balloon-shaped sections called lobes, while the 

left side of the lungs contains only two lobes. 

Known as bronchial tubes, they connect the lungs with the throat and mouth, and they are lined  

with small hairs called cilia, which move in wave-like patterns and push mucus up the throat, as 

well as carry dust and other unwanted substances inside the lungs. When a person sneezes or  

coughs, oxygen and carbon dioxide are absorbed and released in a place called alveoli at the base 

of the bronchial tubes. 

The respiratory framework generally has two inverse powers, one for lung development and the  

other for lung withdrawal. The lungs are inflated assuming the extension force is more prominent 

than the withdrawal power, and they are emptied in the event that the inverse happens. The lung 

volume is unaltered assuming the two powers are equivalent. Toward the finish of expiration, the 

lung volume is steady at the resting position. [4-5] Figure 4 shows the human lung anatomy. [4] 
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Figure 4: The human lung anatomy. [4] 

 

 
Whenever the heart beats, blood flows equally as far to the lungs as it does everywhere else in 

the body. Basically, the lungs are liable for passing O2 into the circulatory system, where it can 

spread all through the body. [4]. 

 
When O2 enters the lungs through inhalation, it travels to the blood capillaries through the alveoli, at 

the same time the blood gets rid of CO2 and an exchange occurs between the gases. Where the blood 

returns loaded  with O2 gas and exhalation carries CO2 outside the body. 

 
There are many other functions of the lungs, such as: [4-5] 

 
● Balancing the p H: Increasing the rate of ventilation takes place when the lungs detect too 

much CO2 in the body, causing the body to become acidic. 

● Air filtration: The lungs filter blood clots and can remove small air bubbles, known as air 

embolisms that form when small air bubbles form inside the blood block the artery. 

● Protecting the heart: When we suffer from certain health problems in the heart, the lungs 

can act as shock absorbers. 
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● Prevention of infection: The lungs produce certain membranes that prevent certain 

infections from spreading. 

● Clearing the mucous membrane: The mucous fluid traps dirt and bacteria particles in 

order to get rid of them either by coughing or swallowing. 

 

 

2.2 The end-expiratory volumes, FRC and ARDS 

 
A study has shown a correlation between the end-expiratory volumes and practical lingering limit 

(FRC) in healthy patients and in patients with ARDS. The functional residual capacity (FRC) is 

the volume of air in the lungs at the end of the exhalation. The upper lobes of the lungs in the 

healthy patients made up 54±4 % of the end- expiratory lung volume while the right lung had 

53±2%. The practical remaining limit (FRC) of the upper lobes, as displayed in figure 1, is 

higher than of the lower lobes. The upper and lower lobes of the lungs have comparative lung 

tissue volume. The end-expiratory lung volume of ARDS patients was essentially diminished by 

17%, and the volume reduction was fundamentally connected with the decrease in lower lobes 

volume. Every patient had overabundance lung tissue at the upper lobes level, however of the 

48 patients considered, just 35 (73%) had abundance lung tissue at the lower lobes level. 

Displayed in figure 5, is the functional residual capacity (FRC) in healthy volunteered patients  

and in patients with ARDS. [6-7] 
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Figure 5: Results of studies show the end-expiratory volumes and functional residual 

capacity (FRC) in healthy volunteered patients and in patients with ARDS. [6-7] 

 

 
2.3 The signs of the clinical disorder of ARDS 

 
ARDS is a severe, diffuse lung injury that occurs when fluid builds up in the small, elastic air sacs. 

This build-up in fluid prevents adequate oxygen from reaching the blood. The liquid holds the 

lungs back from loading up with sufficient air, and that implies less oxygen arrives at the 

circulatory system. This denies the organs of the oxygen (O2) they need to work. [7]. 

 
Those weakness risk factors are portrayed by aggravation prompting expanded pneumonic 

vascular penetrability and loss of air-filled lung tissue. The signs of the clinical disorder are a 

serious windedness, a toiled and uncommonly fast breathing, a low pulse and a disarray and  

outrageous sleepiness hypoxemia and respective imaging murkiness (utilizing registered 

tomography outputs or standard chest X-ray), which are really connected with an assortment of 

physiological anomalies including expanded pneumonic vein blend. [7-8] 

 
Figures 6 - 7 shows the bronchioles which are the smallest air routes in the lungs. [7]. Breathed in 

air goes through small conduits from the bronchioles into flexible air sacs (alveoli).The alveoli are 

encircled by the alveolar-slim layer, which  keeps fluid in the vessels from entering the air sacs. 

[7] 
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Figure 6: The bronchioles and elastic air sacs (alveoli). [7] 

 

 

2.4 Diagnosing of ARDS  

 

Precisely, deciphering a patient's chest X-ray is a basic part of diagnosing ARDS. Notwithstanding, 

studies show that up to 65% of patients with ARDS are analyzed late or missed and don't get proof- 

based treatments that further develop results. [7] 

There is no particular test to distinguish ARDS. The determination depends on the actual test, chest 

X-ray and oxygen levels. It's additionally vital to preclude different infections and conditions - for 

instance, certain heart issues - that can create comparable side effects. [7] 

 

2.4.1 Imaging 

 

A chest X-ray can uncover what portions of lungs and the amount of the lungs have liquid in them 

and whether the heart is amplified. Computed tomography (CT) takes X-ray pictures from various 

directions and reconstructs cross-sectional perspective of interior organs. A CT examination can 

give data about the designs inside lungs. [8] Figure 8 shows a CT of lungs. [8]
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Figure 7: X-ray of chest in many different cases (a to f). [8] 
 
 

Figure 8: Modernized Tomography (CT) of lungs. [8] 

11
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2.5 Dielectric properties of materials  

 
The dielectric property of materials has become very important in modern applications, 

especially when creating "phantom" materials. These properties give the similarity between 

phantom materials and the tissues of the human body. So that it can be used in many tests and 

applications. The electrical properties of each material are different depending on the type of 

molecule present in the substance. These characteristics provide valuable data that help 

professionals choose the right type of material suitable for the required tests and applications. 

[10] 

In order to apply repeated tests and measurements to humans, we must consider the lives of the  

participants and the need to focus on the electromagnetic radiation emitted from systems and  

devices, which is absorbed by the human body. In addition, the effect of electromagnetic (EM) 

energy on the body and the reaction of the human body on the antenna properties. These 

characteristics are represented by radiation directivity, input impedance, radiation efficiency, and 

low degradation. 

That is, subjecting real participants to such tests and measurements poses many dangers and  

challenges that can be avoided by simply designing biological phantoms. In addition to the  

possibility of including physical and electrical properties corresponding to the characteristics of 

human tissues to ensure the success of the tests and to avoid the effect of frequencies and radiation 

on humans [20]. 

There are many dielectric properties that give materials the ability to conduct very small, almost non-

existent amounts of electric current. The most important characteristics mentioned in the report are 

the dielectric permittivity and dielectric loss tangent. 

The dielectric permittivity is a measure of how an electric field interacts with a material by 

calculating the dielectric constant and the loss tangent, which allows us to know the extent of the 

polarization of the electric field of the insulating material. As for dielectric loss tangent, it is the ratio 

of the imaginary part to the real part of the dielectric constant of the material. It is calculated by 

calculating the so-called phase δ or the angle of loss, which is the length of time it takes for the 

electric field to polarize the insulating material. 
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The dielectric permittivity seems as the complex function of frequency that actually has two parts 

(real part which represents the dielectric constant and imaginary part which represents the dielectric 

loss), while the loss tangent seems as the result of dividing the dielectric constant of a material by the 

dielectric loss. [10] 

 

2.6 Electrical Properties of Lung Tissues 

 
In the frequency range from 500 000 000 Hz to 3 000 000 000 Hz discussed here, dielectric  

properties of lung tissue are of functional interest, particularly for impedance plethysmography 

and field plethysmography [14] 

 

As per various instruments of unwinding this implies that permittivity (U) increments and 

conductivity (E) diminishes with expanding frequency (f). Moreover, studies show that U and E 

are subject to the amount of air and blood inside the lung tissue. The amount of air and blood inside the 

lung tissue are subject to different cases of the lungs; for example, normal inflated lungs,  normal 

deflated lungs and breathing, as the table 1 shows how E, U and loss tangent change with the 

pathological cases of lungs (Inflated) and when frequency values change [14]. Table 3 shows also 

how E, U and loss tangent change with the pathological cases of lungs (Deflated) and when 

frequency values change [14]. 
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Table 1: permittivity, conductivity, and loss tangent of inflated lungs at frequency 500 000 

000 Hz until 3 000 000 000 Hz. [14] 

Tissue Frequency 

[Hz] 

Permittivity Conductivity 

[S/m] 

Loss 

tangent 

Lung 
(Inflated) 

500000000 23.207 0.39101 0.60573 

Lung 

(Inflated) 
1000000000 21.825 0.47406 0.39044 

Lung 
(Inflated) 

1500000000 21.211 0.57058 0.32237 

Lung 
(Inflated) 

2000000000 20.791 0.68522 0.29622 

Lung 
(Inflated) 

2500000000 20.444 0.81828 0.28779 

Lung 
(Inflated) 

3000000000 20.13 0.96894 0.28841 

 

 
Table 2: permittivity, conductivity, and loss tangent of deflated lungs at frequency 500 000 

000 Hz until 3 000 000 000 Hz. [14] 

Tissue Frequency 

[Hz] 
Permittivity Conductivity 

[S/m] 

Loss 

tangent 

Lung (Deflated) 500000000 53.55 0.71686 0.48127 

Lung (Deflated) 1000000000 51.102 0.89704 0.31554 

Lung (Deflated) 1500000000 49.922 0.89704 0.26909 

Lung (Deflated) 2000000000 49.309 1.3946 0.2555 

Lung (Deflated) 2500000000 49.059 1.7168 0.25553 

Lung (Deflated) 3000000000 47.604 2.0847 0.2624 

 
As is notable the electrical properties of lung tissue, for example the conductivity (U), the 

permittivity (E) and loss tangent, are dependent of frequency (f); So the conductivity (U), the  

permittivity (E) and loss tangent are the key boundaries used to reenact the dielectric properties of 

organic tissues. [14]. 

14
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2.7 Techniques for measuring dielectric properties 

 
There are a few procedures/techniques for estimating dielectric properties test apparatuses to hold 

the material under test (MUT), and programming that makes it more straightforward to gauge 

complex permittivity and penetrability factors and show the outcomes. Since calculation of both 

types of material (low loss) is difficult, each frequency band and its losses require a different  

technique. When characterizing materials, there is still some ambiguity in dielectric measurements. 

Frequency, required accuracy, temperature, material nature and sample size are some of the factors 

on which they depend. The frequency of testing as well as the type of test material should be 

considered. [11]  

 

Keysight Technologies, for example, has instruments such as network analyzers, also, 

impedance analyzers that can give precise outcomes at applied frequencies of up to 1.5THz. [12]  

 

The coaxial probe method, which will be used in this project, the transmission line method, free 

space method, resonant cavity method, parallel plate (electrode) method, and planar transmission 

line method are some of the most common and important dielectr ic measurements techniques. 

[12] 

15
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2.7.1 Coaxial probe method 

 
The coaxial test technique is best for fluids and semi-strong (powder) materials where it is non-

destructive a                 n               d      only requires a single measurement. A typical axial probe is placed on the flat 

surface of the material to be examined, whether it is a liquid or a semi-solid. A thin probe is used 

to obtain more accurate measurements. Whereas high performance probes mix several 

characteristics in device which can be sterilized in an autoclave – helpful for the food, medical, 

and chemical industries [11-12]. Figure 9 shows an example of a dielectric probe kit. 

 

Figure 9: An example of a dielectric probe kit. [14] 

 

The coaxial test is for the most part alluded to as a coaxial test, coaxial- line test, or an open 

finished coaxial-line approach for estimating lossy materials at high frequencies (RF and 

microwave). It is utilized with a VNA-test (a test instrument that ascertains an organizations 

reaction as a vector) to compute the reflection coefficient. Figure 10 shows  a coaxial test 

position versus material under test during dielectric properties assessments. 

   

16
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Figure 10: Sketch of coaxial test position versus material under test during dielectric 

properties assessments [12] 

 
A metallic test detects the reflected sign in a coaxial string (stage and extent). On level surfaces, the 

probe contact with the sample and fluids, is lowered. A straightforward technique permits  making 

dielectric estimations over a wide frequency range, from 0.5 GHz to 110 GHz. The coaxial test 

strategy can be utilized for high-misfortune tests and can work over a wide scope of frequencies. 

[12]. Nonetheless, it requires continuous alignments and causes air-holes which can cause 

mistakes. Figure 11 shows how the coaxial line of the metal probe is used to sense the 

temperature. 

 

Figure 11: Coaxial probe method. [12] 

17
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3 ATE PHANTOMS 

 
3.1 Overview of the importance of ATE Phantoms 

 
The focus on finding safe devices that operate with microwaves and are characterized by their  

electromagnetic interaction with the human body is one of the main indications of an innovative  

development. [13] 

Henceforth, the presence of the human body is the best estimation climate for these frameworks. 

Regardless, as of late arranged devices/systems that rely upon the human body electromagnetic  

fields coordinated efforts require various tests/assessments under a controlled environment. That  

environment is expected to approve the presentation at every one of the potential situations of 

activity and ensure the security of those gadgets and frameworks [13]. 

 
For example, a chest imaging structure is expected to have been surveyed by recognizing tumors  

in various regions and doing that on a patient is unbelievable; thus, phantoms are requested to 

acquire ideal framework plan and calculations prior to moving to human clinical preliminaries  

[13]. 

 
Additionally, the use of new innovative medical devices on human subjects or human-related 

materials is a moral issue. Where the analysts should get moral freedom from legitimate 

specialists, that could be challenging to sensibly appraise and explore the degree of dangers from 

different logical, physical, and mental perspectives in advance. 

Along these lines, the usage of fake tissue imitating (ATE) phantoms is beneficial for testing of a 

device or framework. [13-14] 
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3.1.1 Simulation of human tissue with artificial phantoms 

 
Copying a human organ or tissue with a definite substitute requires an exact counterfeit phantom 

that is supposed to have a few elements: physically reasonable, dielectric accuracy across the band 

of interest and long lifetime. The anatomic conveyance of different tissue layers in the phantom 

must be precise to break down the genuine situation. [13-14] 

 
Table 3 lists the electrical properties (dielectric constant, or relative permittivity, and conductivity) 

of fifteen unique principal tissues of the human body for the recurrence scope of 500 MHz to 10  

GHz. [3] 

 

Tissues Muscle Nerve Fat Heart Bone Blood Lung 

Inflated 

Dry 

Skin 

Relative 
permittivity 

(εr) 

56-42 34-23 5-4 64-42 5-4 63-45 23-16 45-31 

Conductivi 

ty (σ) [S/m] 

0.8-10 0.5-6 0.04 

-0.6 

1-11 0.03- 

0.6 

1-13 0.4-4 0.7-8 

 

Table 3: Electrical properties of various principal tissues of the human body across the band 

500 MHz to 10 GHz. [3] 

 

 

 
Clinical examinations and the insulating properties of tissues differ from one individual to another, 

with the individual's internal composition and age. Therefore, there is a need of different types 

of ATE materials that are similar in many properties with the different tissues of the human body. 

Recognizing this, a study is made to understand different ATE materials' properties, phantom types 

for different working frequencies and manufacturing methods to have a superior comprehension 

of the upsides and downsides of different ATE phantoms which drives us to foster the importance 

of simulating human body's organs as substitutes for different medical/clinical applications. [13- 

14] 
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3.2 Utilization of ATE materials 

 
ATE materials are one of the most innovative materials that have helped humans to implement  

many experiments in various applications. Where these materials contributed to the testing of many 

electronic devices and systems, and the following is a set of the most important uses of these  

materials at the present time: 

 
1. Studies of doses: The massive use of remote microwave devices led to concern about the 

possibility of the discharge of electromagnetic energy while put in nearness to the human 

body, particularly the head.  

Consequently, examinations have been done to break down the SAR (Specific Absorption Rate  

experiment) of various devices in different situations to assess how much power is consumed by 

the human body. To measure and check the radiation of the device, lab tests are generally  

performed on ATE phantoms. [3] 

 
 

Figure 12 displays a few tests to assess the sensitivity of the human head being close to the field 

of transmitting receiving wires and devices. [3] 

 

 
Figure 12: Two tests to evaluate the receptiveness of the human head to the near field of wires 

and devices [3]. 
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A large portion of the used ATE phantoms are physically nonrealistic yet having normal 

dielectric properties of the general body part for the working recurrence band, for example 

SAM (Specific Anthropomorphic Mannequin) phantom. In any case, if there should arise 

an occurrence of SAR assessment in the human body, the most pessimistic scenario 

assessment may be a higher priority than definite SAR values. [3] 

 

2. Utilization in microwave imaging: 

 ATE phantoms are broadly utilized in approving different microwave imaging 

calculations and frameworks. Where it has been used in microwave imaging as samples 

expressing dangerous pathological conditions (eg cancer-causing developments) of 

different parts of the human body including the chest and head [3]. 

 

Proving grounds of the imaging frameworks broadly require ATE phantoms with sensible 

tissue properties and appropriations. To meet the growing need to conduct tests on similar 

parts of human tissue in properties, a large number of phantoms have been designed. Figure 

13 shows breast and head phantoms utilized in microwave imaging tests [3]. Figure 13 shows 

breast and head phantoms utilized in microwave imaging tests [3]. 
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Figure: 13 shows the use of bosom and head phantoms in various microwave imaging tests. [3] 

 

 

 
3. Use in implantable devices: ATE phantoms have an impact on the approval process of 

implantable and remote control devices that are used for gathering information on the 

electrical properties of the human body/organs for monitoring, identification, and 

treatment of various neurological diseases and control of prosthetic devices [3].  

 

ATE Phantoms allow scientists to examine in situ injury sites prior to clinical 

examinations. In addition, conducting traditional tests on ATE Phantoms enables us to 

avoid potential problems, for example, short device life, difficulty remote control, poor 

device performance, and other problems that may affect implantable devices [3]. In 

figure 14, it is shown some uses of ATE phantoms for implantable devices [3].  

 

22



2243 
 

  

 

 
Figure 14: A few detailed uses of ATE phantoms for implantable devices [3].  

 
4. Use in BD (Body-worn Sensors and Devices): Late improvements of material and 

wearable hardware have driven the development of scaled down body-worn devices for a 

wide scope of utilizations in medical care, protection, games and aeropace. They can be 

divided into two principal types: on-body and off-body interchanges [3,13]. In figure 15 

the use of ATE phantoms to investigate these types of devices is shown. 

 

 
Figure 15: The uses of ATE phantoms for checking wearable devices and frameworks [3]. 
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5. The performance of designed antennas for handheld devices: In another application, 

the presentation of planned radio wires for handheld gadgets or cell phone applications  

are assessed with ATE phantoms (Figure 12 (a)) [3]. Figure 16 shows  the testing of 

designed antennas for handheld devices in three cases [3]. 

 

 

Figure 16: The performance of designed antennas for handheld devices in three cases (a, b and 

c) [3]. 

 
6. Microwave radiometers: Microwave radiometry for estimating the inner temperature 

profile of human tissue, and painless observing of blood glucose levels additionally should 

be confirmed by phantoms (Figure 17) [3]. 

 
 

Figure 17: monitoring of blood glucose levels by equivalent phantoms. In case (a), phantoms 

equivalent to blood cells were designed from ATE materials. In case (b), the end product 

representative of human blood was formulated to measure glucose levels. 
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3.3 Types of ATE phantoms 

 
The types of ATE materials are classified into 4 main types, each of which differs in it is composition 

according to the physical and electromagnetic properties necessary to simulate a specific human tissue. 

[12] 

 

1- Liquid ATE materials. 

2- Gel ATE Materials. 

3- Semisolid or Jelly ATE Materials. 

4- Solid ATE Materials. 

 

 

 
3.3.1 Liquid ATE materials 

 
Water is one of the most important components of liquid ATE materials, so the focus is on the 

percentage of water present according to the nature of the tissue to be formed. 

Liquid ATE materials are used to design tissues that contain amounts of water, such as muscle  

tissue and major parts of the brain, or to form fat and bone that require less water. 

Thus, the heating degrees of the solution vary so that the evaporation of water is monitored  

according to the tissue to be designed. Water is used in the synthesis of ATE materials as the main 

source of high permittivity and as a basis for liquid mixtures. 

 

 
The liquid components are mixed well to reach the necessary physical and electromagnetic  

properties in addition to heating. The components of liquid ATE materials are insoluble, but a 

homogeneous solution is formed once the material is heated. The solution is kept in special 

preservatives to protect the solution from external influences that would affect the physical and  

electromagnetic properties of the compound and cause a defect in the experiments [12]. 
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3.3.2 Gel ATE Materials 

 
ATE gels are characterized by being more solid than liquid materials and more homogeneous. It 

reaches its homogeneous shape after heating and gradually increases in thickness while 

continuing the heating stage. These materials take more time to form with continuous circular 

motion and need molds or folders in order to preserve them [12]. 

 

3.3.3 Semisolid or Jelly ATE Materials 
 

ATE semi-solid materials are characterized by being moldable materials that are similar to 

human tissue in some properties. These materials form layers between themselves  which gives 

a similar shape of the soft tissues. Facilitating the construction of the multi-layer phantom that 

shows the anatomical structure of tissue equivalent to human tissue. The cost of ATE semi-solid 

materials is low compared to other materials, but they are not reusable. [12] 

 
3.3.4 Solid ATE Materials 

 
They are also called dry materials, which consist mainly of ceramic powders, which provides the 

flexibility to separately control the permittivity and conductivity values of ATE solids. The 

design of ATE solids requires high temperatures and pressures for mixing and molding. These  

materials are characterized by their high cost and their inability to reshape unless silicon is included 

in their composition with carbon fibers, which makes them softer and more malleable [12]. 
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3.4 The roll of material selection 

 

Water is the most plentiful and fundamental part of every single human tissue. Low-water-content 

tissues have lower relative permittivity, while high-water-content tissues have higher relative 

permittivity. High-water-content tissues incorporate skin, muscle, brain and inner organs, while  

low-water-content tissues incorporate fat and bone [15-16]. 

 

There are different components that sway the dielectric properties of regular tissues. The electrical 

properties (relative permittivity and conductivity) change as to how much every material in the  

fixing structure is expanded or diminished [14]. 

 

 
Each material has its own electrical properties, and by picking the appropriate extents of every  

lung-simulating material, we can accomplished a phantom with relative permittivity values as 

close as possible to genuine human lung tissue [15-16]. 

 

The ATE materials portrayed in the past segments can be applied to assemble different sorts of  

phantoms. In addition, the physical and mechanical attributes of a semi-solid ATE material are 

that give the ability of simulating human lungs. [12] 

In the first phase of this project, a recipe consisting of several ingredients was prepared in order 

to obtain the best possible result. Where specific amounts of each component were used to form 

the ideal lung phantom, similar in physical and electrical properties to the lungs of the human 

body. In our current project, the same recipe was used as before, but we cannot mention the 

details of the preparation due to the desire of the project official.  [21] 
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4. MATERIALS AND METHOD 
 

The methods that have been used for developing a lung phantom in both cases, inflated and  

deflated, were divided to many step; fabricating an accurate semi-solid lung phantom which 

imitates electrical and physical properties of human lung tissues in both cases, inflated and 

deflated, designing 3D lung molds using Solid works software, printing those 3D designed lung 

molds using 3D printers, filling those 3D printed molds by that accurate semi-solid lung phantom 

and conducting dialectical measurements. 

 

4.1 Materials 

 
The point is to make phantom tissues with a lower water content having similar electrical 

properties as organic lung tissue. A semi-solid ATE apparition is decided to create the lung 

phantoms [14]. The materials that have been used for developing a lung phantom in both 

cases, inflated and deflated, were the following: 

- Deionized Water (DI-water) 

-Glycerine 

-Gelatin 

-Dextin 

-Sodium Benzoate 

 

In order to measure these ingredients, a scale is used. A small stove is used for double boiling of 

the ingredients in a specific order. Deionized water has to be used in order to mix some of these 

ingredients. 
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4.2 LUNG PHANTOM FABRICATION 

 
First, we must calculate the surface area of the human lung in both cases, inflated and deflated, in 

order to determine the proportions necessary to design the phantom of the lung. 

A study was carried out by the Human Monitoring Laboratory (HML) and the Hospitalier de  

l'Universite´ de Montre´al (CHUM) to calculate the linear dimensions and volumes of the human 

lungs using CT images [15], as it shown in figure 18. 

166 datasets of different male and female patients of different ages were analyzed, and it wasfound 

that the linear dimensions of the lungs are not affected by weight, height and age. 

This study aims to determine the linear dimensions of the lungs in order to be used in the design 

of the torso of the phantom for males and females. 

 

 
Figure 18: Axial slice of a patient CT. The blue line represents the outer boundary of the  lung 

cavity [15]. 

 

The following results, in table 4, were shown for the lungs of the normal human body in the case 

of inflated. 
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Table 4: Characteristics of the patient data set from CHUM. [15] 

 
In the case of deflated, when the lung is emptied of gas, the volume of the lung shrinks to  

approximately a percentage that lies between 63% - 70% less than the volume of the lung in the 

case of inflated [15] 

 

 
 

4.2.1 The preparation process 

 
The preparation process is divided into several steps that must be arranged in order to ensure the 

interaction of the compounds with each other and the formation of the pulmonary phantom. 

In the beginning, the specified amount of gelatin is double boiled, and then glycerin and the 

specified amount of water are added to the gelatin with the continuation of the double boiling. 

The double boil technique is adopted in this experiment in order to ensure that the water does not 

evaporate during the heating period of the solution. The solution is constantly stirred in order to 

ensure that Dextin is dissolved totally in the solution. Second, after the glycerin is completely 

dissolved in the solution, sodium benzoate is added while stopping the boiling process. 

The penultimate step is to put the mixture in a cold-water bath with continuous stirring to become 

denser and more cohesive. Finally, the mixture is poured into a plastic mold to cool at room 

temperature for several hours, and then we get the pulmonary phantom ready for use. 
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4.3 DESIGNING OF 3D LUNG 
 

While making a 3D portrayal of something, one should make a 3D model, for example, a 

STL-file. These types of files are arrangements of direction focuses that characterize a shape. 

[16]. 

 
For that reason, CAD programming was applied. These projects permit engineers to make 

reasonable aspects and plans through a visual point of interaction. [16]. 

 

4.3.1 3D-CAD with ‘’SOLIDWORKS’’ program 

 
There are many benefits given by SOLIDWORKS program that can be utilized to achieve many 

undertakings: [17] 

. 3D strong displaying: Through the Solid works program, 3D models are altered and made. 

. Theoretical plan: This is finished by making schematic drawings. 

. Enormous gathering configuration: Manage and make incredibly huge plans or improved on 

modes. 

. 3D illustrations: Solidworks can rapidly create prepared 3D illustrations as lungs for our 

situation. 

 

 

There are two classifications of highlights in SOLIDWORKS Planned Features and Applied 

Features, whereas Applied highlights don't need an outline and are for the most part applied Direct 

on designing accessible [17].  

 

 
Modeling of lung-phantom happened by using two features: ‘’Extruded Boss’’ and ‘’Fillet 

Features’’. At first, we did a drawing along a straight-line to add surface which is a blueprint 

include. The drawing is made on a high level by a focal square shape, based on the beginning.  

[17]. 
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When the drawing is made, you should leave the outline and afterward select the ‘’Features’’ tab  

in ‘’Command Manager’’. Then we did a squeezing on the ‘’Extruded Boss/Base’’ order, and here 

is to tap on the chart in the designs region to utilize this element. ‘’Property Manager’’ for the 

‘’Extruded Boss’’ likewise permits control of start area, include ‘’Draft’’, and ‘’Expulsion’’  

profundity [17]. Figure 19 shows how all those features were used for painting and modeling 

human lungs. 

 

 
 

Figure 19:  Painting of an approximative model of lungs respiratory system by SOLIDWORKS without any  

Specific linear dimensions.



 

Assuming this element is applied to the two lungs to accomplish their own adjusted shape, two 

arrangements of cuts should be added, by tapping on the ''Filet'' request on the ''Features'' tab of the 

''Command Manager''. After that the ''Property Manager'' appears, and here it is doable to start picking 

edges or faces to sort out. where choosing an edge will add a cut to just that edge and choosing a face 

will add a cut to all edges of the chosen face. [17]. 

 
Then we start by choosing the four long edges, one on every one of the edges of that part. 

Then we select the edges, and search around an information box to set the size of the cut. Any 

change will result in invigorating the review, which will permit to examine different choices prior 

to affirming. Then, at that point, we set the cushioning size to ten mm, and snap on the green mark 

to finish that component [17]. 

 

       Five direct aspects/dimensions were estimated involving instruments in 3D-Doctor on every lung set so made:  
 

1- Top-to-top, which is the distance between the pinnacles of the left and right lung. 

 
2- Level/height, which is estimated from the pinnacle of every lung to the focal point of the lung 

base. 

3- Greatest level (maximum height), which is the separation from the pinnacle of every lung to 

the most minimal piece of that lung. 

4- Width, which is the greatest width of the lung. 

 
5- Profundity/depth, which is the greatest profundity of the lung. 

 
By taking advantage of table 4, we could paint and model the lungs phantom using SOLIDWORKS 

[19]. 
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Table 4: Synopsis of linear dimensions. [19] 

 

Linear dimensions The lungs Data 

Top-to-top ----- 8.3 ± 1.2 cm 

Height Right 

Left 

20.6 ± 2.6 cm 

19.8 ± 2.6 cm 

Maximum height Right 
Left 

26.9 ± 2.7 cm 

26.1 ± 2.6 cm 

Width Right 

Left 

11.6 ± 1.2 cm 

10.0 ± 1.0 cm 

Depth/Profundity Right 

Left 

16.9 ± 1.8 cm 

17.1 ± 2.0 cm 

 

 
Once finished with painting through SOLIDWORKS, the lungs were designed, as it is shown in 

figure 20, into a 3D item that could be controlled onscreen [17]. 

 

 

      Figure 20: The prototype of human lungs after finishing of usage the ‘’Extruded Boss/Base’’   

     order and ‘’Fillet Parameters’’ bunch box and made by SOLIDWORKS [17]. 
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4.3.2 3D-printing of lung-phantom 

 
The umbrella term added substance fabricate on Additive Manufacturing (AM) acquired wide  

prestige during the 2000s. 

 
Because of the use of the double boil method in the design of lungs phantom, we chose Polylactic 

Acid (PLA) materials for printing pulmonary molds because it bears heat. PLA or polylactic acid 

is one of the most common materials used for 3D printing because it is heat tolerant, with the melting 

temperature of these materials reaching 200 degrees Celsius, in addition to its ease of use and  

printing, and its cheap prices compared to other materials. 

 
These materials are also characterized by the fact that they have the best detailed reproduction of 

printing filaments and are available in many colors, in addition to that these materials have a high 

durability and are suitable in most of the applications of 3D printers [19]. 

 

4.3.3 3D printing software 

 
After the complete design of the lung molds is completed, the files are saved in STL format and  

then slicing software is used to convert the 3D models (eg, STL files) into printer instructions  

written in G-code. It is the language that defines 3D printing parameters such as height, 

thickness, speed, printing area, etc. Which are given as the commands that the robot executes. The 

file is saved to either a memory card or flash memory, according to the inputs in the printer. To 

choose the file to be printed via the platform or the interface through which the printer is 

controlled and given commands to start the printing process [19]. 

 
The print time varies depending on the size of the items to be printed and the print space used.  

As for the templates that were printed, the printing process of the models in the case of inflated 

took approximately 21-23 hours continuously for each of the left and right lungs separately. As 

for the models in the case of deflated, which are smaller than the previous one by about 65%, it 

took about 11-14 hours to print both the right and left lungs. Figure 21 shows the print results for 

both the left and right lungs molds under 3d printing. 
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Figure 21: Shows print results for both the left and right lungs molds in the inflated condition. 

 

 

4.4 MEASUREMENT OF FABRICATED PHANTOM 

 
The phantoms must be long-lived to withstand the measurements and tests applied to them, and 

thus the phantoms must contain a minimum of water. Because the water evaporates over time, 

causing a change in the physical and electrical properties of the material. The elasticity also helps 

in the formation of tissues compatible with human tissue [20]. 

 
Using the coaxial transmission line method, samples that were previously prepared in the 

laboratory were measured in order to represent the human lungs in both inflated and deflated states. 

After that each of the samples reached the solidification stage in the three-dimensional lung molds 

that were designed and printed previously. We measured the electrical properties (relative 

permittivity and loss tangent) of both lung phantoms in the inflated and deflated states over the  

UWB frequency range from 500 MHz to 20 GHz [20]. 

 
The measurement process was carried out on the samples using the Keysight probe, which has a 

frequency range from 500 Hz to approximately 50 GHz, and a temperature range between0°C to  

125°C above zero [20]. 
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Figure 22 shows the laboratory measurement using the Keysight probe, which specializes in 

measuring semi-solid materials using the coaxial probe method. 

 

     Figure 22: the laboratory measurement using the Keysight probe. 

 

 

The coaxial probe method is used for measurement, and the electrical signal is transmitted from 

the device to the software on the computer through the electrical signal transmission wire to show 

results. It is important to know the values of relative permittivity and loss tangent of lungs  

(deflated and inflated) in purpose to testing every sample of lungs phantom afterwards via the 

coaxial probe method and compared the measured values with the reference values. Table 5 

shows the values of relative permittivity and loss tangent of lungs (deflated and inflated) according 

to measured lung tissue. [2] 

 

 
Each of the two samples to be tested was measured at more than one point to obtain more accurate 

results and to avoid error that could occur as a result of room temperature or dust factors that could 

affect the measurement results. 
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Table 5: shows the values of relative permittivity and loss tangent of lungs (deflated and inflated) 

according to measured lungs phantom. [21] 

 

Tissue Relative permittivity, ε′ Loss tangent, δ 

Measured lungs (Inflated) 22.31 0.33 

Measured lungs 

(Deflated) 

50.014 0.32 
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5 RESULTS AND DISCUSSION 

 
A lung phantom with comparative electrical properties of human lung tissues was created after  

numerous preliminaries of changing the fixings and estimating various examples to arrive at the 

objective. A heterogeneous phantom with similar electrical and properties of human tissues was  

manufactured. We have manufactured semisolid, versatile, and low water content phantom. In 

addition to being flexible so that it is easy to be formed and poured into molds, as in our case, or 

any other form required.  

In the second stage, 3D molds were designed to serve as a lung structure similar to human lungs in 

both cases inflated and deflated. Where we started by designing the molds on the Solidworks design 

program in a manner commensurate with the desired goal, and then the process of 3D printing of the 

molds began. After completing the design of the materials and obtaining the final shape of the molds, 

the materials were poured into the mold to take the final shape of the lung. 

The molds filled with lung phantoms were left to dry, then tests were run to see if the designed 

phantoms were similar to human lungs and had the same physical and electrical properties. Where 

was a comparison of measured dielectric properties of deflated and inflated lung phantoms with 

IFAC data for (a) relative permittivity and (b) loss tangent. In addition  a comparison was made with 

the values of both relative permittivity and loss tangent of lungs (deflated and inflated) according to 

IFAC. 

Tables 6 and 7 show the values of both relative permittivity and loss tangent of lungs (deflated 

and inflated) according to IFAC and measured lungs phantom (deflated and inflated) at 

frequency 2.45 GHz. Where we notice a difference in the values in each of the two cases studied 

in the laboratory. [21] 

Figures 23 and 24 show Comparison of measured dielectric properties of deflated and inflated 

lungs phantoms with IFAC data for (a) relative permittivity and (b) loss tangent. Where we  

notice a difference in the values in each of the two cases studied in the laboratory. With the 10% 

error margin of coaxial open ended Keysight probes, we actually got quite good agreement for 

our lung’s phantoms (both inflated and deflated) with the literature values  reported on the IFAC 

website. [21] 
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Table 6: The values of relative permittivity of lungs (deflated and inflated) according to 

IFAC and measured lungs phantom (deflated and inflated) at frequency 2.45 GHz. 

Tissue Frequency Relative permittivity, ε′ 

Measured lungs 

(Deflated) 

2.45 GHz 55.0154 

IFAC 

(Deflated lungs) 

2.45 GHz 48.454 

Measured lungs (Inflated) 2.45 GHz 24.541 

IFAC 

(Inflated lungs) 

2.45 GHz 20.51 

 

 

 
Table 7: The values of loss tangent of lungs (deflated and inflated) according to IFAC and measured 

lungs phantoms (Deflated and inflated) at frequency 2.45 GHz. 

Tissue Frequency Loss tangent, δ 

Measured lungs 

(Deflated) 

2.45 GHz 0.352 

IFAC 

(Deflated lungs) 

2.45 GHz 0.254 

Measured lungs (Inflated) 2.45 GHz 0.363 

IFAC 

(Inflated lungs) 

2.45 GHz 0.288 
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a 
 

 

 
 

Figure 23: Comparison of measured dielectric properties of deflated lungs phantom with IFAC 

data for (a) relative permittivity and (b) loss tangent. 
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b 

 
 

 

 

 

 

 

 
Figure 24: Comparison of measured dielectric properties of inflated lungs phantom with IFAC 

data for (a) relative permittivity and (b) loss tangent.
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The final result we have is shown in figure 24, where we have 3D-printed left and right lungs’ 

molds in the deflated condition filled with lung phantom materials. 

 

Figure 24: 3D-Print results for both the left and right lungs’ molds in the deflated 

condition filled with lung phantom materials. 

 

These phantoms are an effective alternative to testing newly manufactured medical devices than 

testing them directly on humans. So that they correspond to the characteristics of the human 

body, which enables us to test modern devices. In addition to the possibility of accepting or  

rejecting these devices before employing them for human use. A semisolid, elastic and low water 

content lung phantom that is effectively castable into wanted shapes was created. Due to less 

amount of water utilized in the phantom tissue, the dissipation of water is limited and accordingly 

brings about negligible dryness of the phantom tissues. It has also been proven in the initial 

experiments of this project in advance and on the basis of which the components of these 

phantoms were selected. In this manner it is believed that the phantom can be saved for a significant 

stretch of time without bringing on any noteworthy changes in the electrical properties. However, 

this needs to be verified with further tests over time. 

Furthermore, no mixing happened between the layers of each tissue due to the inability of materials 

to dissolved among themselves. This assists with developing heterogeneous human phantoms 

which can copy human tissues or organs or the entire human body. This likewise limits any 

progressions in the electrical and actual properties of tissue layers. 
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The materials chosen for the phantom manufacture are effectively accessible, more affordable, 

and non-toxic and can last a long time in refrigerator. According to the experiments agreed upon 

by the team preparing the materials. Unfortunately, we cannot share more details about the  

ingredients and manufacturing method, at the request of the person in charge of the project.
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6 CONCLUSION 
 

Artificial phantoms copying different human body parts are critical in the presentation and  

wellbeing confirmation of remote body-centric gadgets and frameworks. Therefore, the 

configuration methods of the created phantoms were reviewed. 

 

To start with, the tissue-imitating materials are ordered into liquid, gel, semisolid, and solid sorts. 

The different utilizations of the counterfeit human phantoms are examined to delineate the ongoing 

use and significance of the phantoms' momentarily. 

 

 
The elements of the principal fixings used for the phantom creations are recorded. The included  

data targets making the creation cycle significant and, consequently, supportive to plan new and 

more effective phantoms for current or future applications, which depend on the connection  

between electromagnetic fields and explicit human body parts. 

 
A semisolid, elastic and low water content lung phantom that is effectively pliable into wanted 

shapes was created in this work. The created phantom corresponds very well with humanlung tissue 

properties detailed in literature. The estimation of the created phantoms wa completed by open- 

ended coaxial transmission line by Keysight. Moreover, contrasted with other phantom creation 

processes, the materials chosen for the phantom manufacture are effectively accessible, more  

affordable, and non-toxic in nature. 



 

6.1 Future works 

 
The upsides of the manufactured lung phantom is that it could be applied to develop human 

phantoms to impersonate the different human body parts for different clinical field applications. 

 
All in all, the current review is quick to outline the chance of making 3D printed patient-based 

lung phantoms with exact organ calculation, picture surface, and weakening profiles. This might  

prompt a worldview change for the improvement of novel CT equipment and programming by 

empowering speed up assessment and approval with practical patient-based information. 

 
A method for advancing the outcomes is to create an entire lung phantom to apply magnetic  

resonance imaging or CT scan on it and use it for various clinical/medical applications. 
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