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Abstract - In assessing the embroidered conductive yarn 

textile antennas, which are commonly used in the vicinity of a 
human body, it is important to assess the following two types 
of loss: 1) the loss caused by a human body, and 2) the loss 
caused by a conductive yarn. The sewing pattern of radiating 
elements affects the plasticity, flexibility and texture of the 
embroidered antenna. Also, the sewing pattern affects the 
radiation efficiency of the antenna. This paper presents the 
measured radiation efficiencies of full and partially 
embroidered textile dipole antennas with different sewing 
patterns. The proposed partially embroidered antennas 
(Model A and Model B) with current-distribution-based 
sewing patterns can reduce the amount of conductive yarn by 
80% and 91%, respectively. The difference in the measured 
radiation efficiency between the Model A antenna and the 
same sized copper reference antenna was 1 – 12% when the 
antennas were placed in the vicinity of a phantom.  

Index Terms — Wearable antennas, textile antennas, 
conductive yarn, human body, radiation efficiency, radiating 
element. 

1. Introduction 

An embroidered textile-radiating element is one of the 
most important key components to realize the cloth-
embedded wearable antennas for Body-Area Network 
(BAN). The loss caused by a human body varies depending 
on the distance between the antenna and a human body, 
which is the primary factor for the deterioration of the 
antenna’s radiation efficiency [1] [2].   

Wearable antennas are commonly fabricated using 
conductive yarns whose conductivities are much smaller 
than that of copper wires. Thus, the characteristics of 
embroidered antennas must be evaluated by including the 
loss caused by conductive yarns [3] [4]. When embroidered 
antennas are embedded into the clothes, the sewing pattern 
of radiating elements affects the plasticity, flexibility, and 
texture of the embroidered antenna. Thus, the trade-off 
between those factors and the radiation efficiency of the 
antenna is important.   

In this paper, a textile embroidered dipole antenna has 
been selected to assess the radiation efficiencies for several 
sewing patterns of the embroidered radiating element in 

order to evaluate the off-body and on-body performance of 
a textile embroidered dipole antenna.  

2. Basic antenna structure 

Fig. 1 shows the geometry of the embroidered textile 
antennas. All the embroidered antennas assessed in this 
study were fabricated on a flexible substrate with the 
conductive yarns for bobbin thread and polyester thread for 
upper thread by a computerized sewing machine. The 
flexible substrate was a commercially available felt fabric 
(εr: 1.3, tan δ: 0.0045) with a thickness of 1.0 mm. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Antenna structure. 

3. Embroidered radiating elements 

(1) Sewing patterns 
Two proposed partially embroidered textile dipole 

antennas (Model A and Model B) with different sewing 
patterns were fabricated based on the calculated results of 
the current distribution for the copper antenna with the 
dimensions shown in Fig. 1.  

These two models are shown in Fig. 3 and can reduce the 
amount of conductive yarn by 80% and 91%, respectively 
compared to that of the full embroidered radiating element 
as shown in Fig. 3. 
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(2) Radiation efficiencies without a phantom 
The antennas were excited through a hybrid coupler and 

the inner conductors of two coaxial cables were connected 
to each side of the feed point. The antennas under test were 
measured to assess the relative radiation efficiency by the 
relative radiation efficiency measurement method [5] using 
a radiation efficiency standard. The standard antenna was 
the same-sized copper reference antenna. Fig. 4 shows the 
measured off-body radiation efficiencies for different 
sewing patterns.  

 
Fig. 2. Partial-embroidered Models: Model A and Model B. 

 
Fig. 3. Full-embroidered Model: Close up photo of the half 

side of the radiating element. 
 
The difference in the measured radiation efficiencies 

between the full embroidered Model and Model A antenna 
was about 8%. This difference was about 15% for the 
proposed sawing pattern in Model B.  

 
Fig. 4. Measured radiation efficiencies. 

(3) Radiation efficiencies with a phantom 
Fig. 5 shows the measured on-body radiation efficiencies 

for three embroidered radiating elements as well as for the 
reference copper radiating element. During measurements, 
all radiating elements were placed in the vicinity of a 2/3 
human muscle equivalent phantom whose dimensions are 
150 × 100 × 50 mm under the condition of 10 mm spacing 

between the antenna and the phantom. The difference in the 
measured radiation efficiencies between the Model B 
antenna and the same sized copper reference antenna was 1 
– 12% when the antennas were placed in the vicinity of the 
phantom. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. Measured on-body radiation efficiencies 

4. Conclusion 

The radiation efficiencies of proposed antennas with 
different sewing patterns based on the calculated results of 
the current distribution were experimentally evaluated both 
with and without the human equivalent phantom. 
Compared to the full-embroidered sewing pattern, the 
proposed partial-embroidered sewing pattern in Model B, 
which can reduce the amount of the conductive yarn by 
about 80%, demonstrated similar on-body radiation 
efficiency performance.  
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