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ABSTRACT 

 

 

 

 

Wearable textile antenna is a technology for future body worn applications as a 

part of effort to enhance the quality of daily life. As a body worn antenna, the antenna 

should own a characteristics such as flexible, lightweight, small size and easily 

integrated onto body of human or animal. In this project, wearable textile dipole antenna 

with UTM logo shape was designed for body worn application. The antenna was 

operated under 3 GHz resonant frequency. Substrate used for this antenna is fleece fabric 

and the radiating element is covered by copper thread. This antenna is fabricated by 

using embroidery technique where the radiating element is integrated into substrate 

rather than attached to the substrate by glue or handsewn. The objectives of this project 

are to design and simulate wearable dipole antenna for body worn application, to 

fabricate wearable dipole antenna using embroidery technique and to compare the 

performance of embroidered dipole antenna with ShieldIT fabric dipole antenna, The 

design and simulation of the antenna is done by using Computer Simulation Technology 

(CST) Microwave Studio software. Fabrication of the antenna is done by embroidered 

UTM shape dipole antenna on fleece substrate by using computerized embroidery 

machine.The result showed that ShieldIT fabric dipole antenna had better performance 

than embroidered antenna in term of return loss and bandwidth.  
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ABSTRAK 

 

 

 

 

Antena tekstil adalah teknologi baru untuk aplikasi pada pakaian dan ia adalah 

salah satu usaha untuk meningkatkan kualiti kehidupan harian manusia. Sebagai antena 

yang diaplikasikan pada pakaian, antena tersebut perlu memiliki sifat-sifat seperti 

berikut iaitu fleksibel, ringan, bersaiz kecil dan mudah untuk digayakan pada badan 

manusia dan haiwan. Dalam projek ini, tekstil antena dipole berbentuk logo UTM direka 

untuk tujuan aplikasi pada pakaian. Antena tersebut beroperasi pada frekuensi 3 GHz.  

Substrat yang digunakan untuk antena ini ialah kain fleece manakala elemen radiasinya 

pula menggunakan benang kuprum. Proses pembuatan antenna ini menggunakan teknik 

sulaman iaitu elemen radiasinya disulam di atas subsrat berbanding antena-antena 

sebelum ini yang menggunakan teknik gam dan jahitan tangan. Antara objektif bagi 

projek ini adalah mereka dan simulasi antena dipole untuk aplikasi pada pakaian, 

menghasilkan antena dipole untuk aplikasi pada pakaian dengan menggunakan teknik 

sulaman dan membandingkan prestasi antena dipole yang disulam dan dengan antena 

yang antena dipole yang dihasilkan menggunakan kain ShieldIT. Rekaan dan simulasi 

antena ini dihasilkan menggunkan perisian Computer Simulation Technology (CST) 

Microwave Studio. Proses pembuatannya dilakukan dengan menyulam antena berbentuk 

logo UTM pada substrat fleece dengan menggunakan mesin sulaman berkomputer. Dari 

segi return loss dan jalur lebar, keputusan menunjukkan antena dipole daripada kain 

ShieldIT mempunyai prestasi yang lebih baik berbanding antenna dipole yang disulam. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Project Background 

Recently, wearable technology has received a lot of attention from industry, 

media and researchers worldwide. This technology is a fast growing area which believe 

to have a lot of advantages such as improving human productivity in daily life, 

enhancement in tracking asset or workflow, improve healthcare monitoring, upgrade 

security in identification area and etc. Some examples of wearable technology devices 

available in the market nowadays are smart watch, fitness devices, healthcare monitoring, 

tailored technology and many more. The emerging of wearable electronic device lead to 

the development of Wireless Body Area Network (WBAN). WBAN is under IEEE 

802.15.6 standard is the act of connecting various wearable electronic devices in and on 

the human body [1]. To connect the devices to each other or to the outside system, the 

antenna that can be worn on body is required so called wearable antenna.   

Wearable antenna plays important role in WBAN. Wearable antenna special 

characteristics such as light weight, low cost, free maintenance, easily attached to 

garment and no installation required [2]. Frequently, this kind of antenna is textile or 

fabric based antenna since fabric is considered as the most suitable material for body 



 

 

2 

worn application due to its flexibility and robustness [3]. In this project, a fabric-based 

antenna that operated under 3 GHz resonant frequency was designed with fleece fabric 

as a substrate and copper thread which act as radiating element was used to form UTM 

logo shape dipole antenna by using embroidery technique. Details of the design, design 

methodology and the benefits of this antenna will be discussed in the next chapter. 

 

 

 

1.2 Problem Statement 

The design process of wearable antenna must consider these two important 

things. Firstly is to make sure the antenna properly function and has good performance 

with minimum return loss. Secondly is to ensure the antenna design is suitable and 

comfortable for body worn application in term of flexibility, size, weight and structure. 

In this case, material selection to fabricate the antenna is one of the important factor. 

However, the conventional fabricated antenna commonly were manufactured by using 

rigid printed circuit board (PCB) material such as FR-4 board, Taconic and conventional 

Rogers. All the mentions material were not suitable for on body application since these 

materials are not flexible and unable to conform to the human body effectively 

especially around body curvature such as around human arm or leg. Therefore, in this 

project, fleece and copper thread was choose as substrate and radiating element 

respectively due to its flexibility, light weigh and ability to conform to the curvature of 

human body. Furthermore, the used of copper thread to form embroidery on substrate 

also able to provide strong attachment between the radiating element and the textile 

substrate. 
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1.3 Objectives 

The objectives of the project are: 

1. To design and simulate wearable dipole antenna for body worn application. 

2. To fabricate wearable dipole antenna using embroidery technique. 

3. To compare performance of embroidery dipole antenna with Shieldit dipole  

 antenna.  

 

 

 

1.4 Project’s Scope 

The objectives of this project can be achieved with several outlined scopes. In 

this project, the design and simulation of the antenna is done by using Computer 

Simulation Technology (CST) Microwave Studio software use planar antenna. The 

antenna operation frequency is under 3 GHz. All properties of  the substrate and 

radiating element for software design are key in according to the properties of fleece and 

copper thread. The details properties of fleece and copper thread will be discussed 

further in Chapter two. Type of antenna choose for this project is UTM logo shape 

dipole antenna. The characteristics of the antenna and the reason of choosing this 

antenna also will be discussed in the next chapter.  
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1.5 Report Outline 

This report is systematized in five chapters. Chapter one gives an overview and 

the introduction of the project. 

Chapter two discussed the literature review on the introduction and the concept 

of wearable antenna mostly which operates under 2.4 GHz to 5.8 GHz frequency band 

The introduction to Dipole Antenna and its characteristic also is going to be discussed in 

this chapter. Moreover, this chapter also gives some explanation and comparison about 

embroidered antenna that has been done by some researchers previously. Other than that, 

the benefit of wearable embroidered antenna also is discussed in term of sizing and 

operation. 

Next is Chapter three. This chapter contains the design methodology of the 

project. The design overview and all the tools and modules used in this project are 

discussed in this chapter including antenna design parameter and calculation involved. 

After that, the next chapter which is Chapter four is on result and analysis of the 

project. This chapter will discussed on the result obtained from simulation and 

measurement based on the comparison done by embroidered dipole antenna and Shieldit 

dipole antenna.  

Then, Chapter 5 is discussed on conclusion of the project and also some 

recommendation for better result and improvement as well as future work of the project. 

Lastly, this report is ended by Chapter 6 which is references.     

 

 

 



 

 

5 

1.6 Summary of Work 

The project flow is outlined as illustrated in Figure 1.1. The project is begun with 

literature review followed by design and simulation of dipole antenna using CST 

Microwave Studio. The simulation result will show functionality or performance of the 

antenna in term of return loss and radiation pattern. Simulation result of return loss and 

radiation pattern will be analyzed so that it meet the requirement for return loss and 

radiation pattern of dipole antenna. If requirement is fulfilled, the next step of the project 

can be proceed which is to fabricate wearable embroidered antenna. However, if the 

simulation result is not optimized, the step has to turn back to design and simulation step 

in order to identified if there any problem or mistake that has been done during 

designing the antenna.  

After finish with antenna fabrication, the completed fabricated antenna will 

undergo a testing to identified weather the antenna can function properly. The testing is 

done by using antenna testing equipment such as network analyzer for testing antenna 

return loss. The measured result then will be compared to the simulated result for both 

embroidered and Shieldit antenna. The varies from the result will be analyzed and 

discussed further in the last step of this project which is in final report writing. 
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Figure 1.1 Project flow 

Table 1.1 and Table 1.2 shows the Gantt chart of the project schedules for phase one and 

phase two respectively. The implementation of phase one was in semester one which 

covers studying and understanding of literature review and also the determination of 

project specification. Previous research that is related on this project and various types of 

wearable embroidered antenna and fabrication techniques are studied. Other than that, 

this phase include designs and simulate of prototype embroidered antenna using CST 

Microwave Studio software.  

While, for phase two, the task of the project involved the fabrication of 

embroidered antenna and Sheildit antenna. After finished with fabrication, the antennas 

will undergo testing for measured return loss and radiation pattern. Then, result from 

measurement for both antenna was compared to the simulation and the result are 

analyzed based on the performance.   
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Table 1.1:  Project schedule phase 1 

MONTH  FEB MARCH APRIL  MAY JUNE 

WEEK    1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Research on 

related topic  

                 

Literature review                   

Study for 

methodology  

                 

Submit proposal                   

Presentation                   

Report writing                   

 

 

Table 1.1: Project schedule phase 2 

 

MONTH  SEPT OCTOBER NOVEMBER DECEMBER 

WEEK  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

Design & 

Simulation 

                 

Fabrication                  

Testing                   

Submit 

Presentation 

Material 

                 

Presentation                   

Report 

writing  
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