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Abstract—In this paper, we present fabrication and evaluation 

of embroidered passive UHF RFID moisture sensors on a bended 

sponge cloth. The sensors were firstly tested as flat, where 

moisture only affected the substrate properties, and as bended, 

where moisture also straightened the initially bended sensor tag. 

The sensor tags showed read ranges of 5 meters, and the flat 

sensors were found to be good indicators of moisture exposure. 

However, several challenges were encountered in sensor 

fabrication. Further, the main goals of the study, the bended 

sensors, showed very unstable performance. In this paper, we 

introduce the above-mentioned challenges. 

Keywords—Fabrication challenges, moisture sensor, passive 

UHF RFID, performance evaluation. 

I. INTRODUCTION  

Radio Frequency Identification (RFID) technology has 
gained great interest as base for versatile sensors [1]-[3], making 
its application areas very versatile, when compared to it being 
used solely for identification purposes. Especially the use of 
passive RFID technology for sensing moisture has already 
gained a lot of research attention [4]-[6]. As the technology is 
cost-effective and battery-free, it has many application 
possibilities. 

In this paper, we present fabrication and practical evaluation 
of embroidered passive Ultra High Frequency (UHF) RFID 
moisture sensors on a bended sponge cloth. The sensors were 
firstly tested as flat, where moisture only affected the substrate 
properties, and as bended, where moisture also straightened the 
initially bended sensor tag. This paper discusses the challenges 
encountered in the manufacturing process and practical 
performance of these sensors. 

II.  SENSOR FABRICATION 

A basic sponge cloth (80 % of polyester and 20 % of 
polyamide, shown in Fig. 1) was chosen as the substrate material 
for moisture sensor fabrication. The thickness of the substrate 
material is 4 mm.  

The actual moisture sensor was fabricated by embroidering 
a UHF RFID antenna pattern (as in [6]), which is shown in Fig. 
2, by using a conductive thread named “Shieldex® 110/34 dtex 
2 ply” with a linear resistance of < 30 Ω/m. RFID IC (Integrated 
Circuit) from NXP (UCODE G2iL) was used to finalize the 
sensor tag. The IC was attached to the antenna also by using the 
same conductive thread. Fig. 2 shows a readymade moisture 
sensor. A total of four sensors were fabricated. 

 
Fig. 1.  Sensor substrate material (sponge cloth), thickness: 4 mm. 

 

 
Fig. 2. Embroidered moisture sensor, dimensions: 10 cm x 2 cm, as in [6]. 

III. SENSOR EVALUATION 

Voyantic Tagformance RFID measurement system was used 
for the evaluation of the wireless performance of the moisture 
sensors. The wireless performance (in this study the 
Tagformance system calculated read range) of the sensor tags 
was evaluated firstly as bended, by using three different radius 
surfaces, as shown in Fig. 3.  

 
Fig. 3. Bended moisture sensor (left) and its measurements in an anechoic 

chamber (right). 

The sensor tags showed initial read ranges of 5 meters, and 
the read range started to decrease due to bending, as shown in 
Fig. 4. However, even when bended around a cylinder with a 
radius of 2.03 cm, the rad range was still around 3 meters. Thus, 
these sensor tags were found to be suitable to be used also when 
bended. 

Next, the practical moisture sensor performance was firstly 
tested with flat sensors, by submerging the sensor tag in water. 
As presented in Fig. 5, the flat sensors were found to be good 
indicators of moisture exposure. When the tags were wet, the 
read range dropped to around 1 meter. However, the read range 
returned to the initial value after the tags were dry again. 
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Fig. 4. Read range during bending, Tag-1 (left) and Tag-2 (right). 

  
Fig. 5. Performance as flat moisture sensors, Tag-1 (left) and Tag-2 (right). 

 

Fig. 6. Measurements of bended moisture sensors: bended (top) and opened 

(bottom). 

  

Fig. 7. Performance as bended moisture sensors, Tag-3 (left) and Tag-4 

(right). 

Finally, the practical moisture sensor performance was 
tested with sensors that were initially bended (See Fig. 6) and 
moisture straightened the initially bended sensor tag. This was 
done to achieve a permanent change in the tag performance. 
Unfortunately, as presented in Fig. 7, the performance of the 
sensors was quite unstable. Moisture exposure did decrease the 
read range, but when the tags were opened and dried, the two 
sensor tags showed very different measurement results. Thus, 

further development is needed to achieve a suitable wireless 
performance for the bended tags. 

       In the fabrication process, several challenges were 

encountered (See Fig. 8). For example, in several occasions, the 
stacked thread on the bobbin of the embroidery machine caused 

the fabrication to stop. Further, a cluster of thread on the sensor 

substrate distroyed the tag fabrication a few times. Thus, the 

embroidery process, altough a cost-effective way to fabricate 

passive UHF RFID tags, was found to be pretty challenging. 

 

Fig. 8.   Stacked thread on the bobbin of the embroidery machine (left) and 

cluster of thread on the sensor substrate (right). 

IV. CONCLUSION 

We presented embroidered passive UHF RFID moisture 
sensors on a bended sponge cloth material. Several challenges 
were encountered in sensor fabrication, and the main goals of 
the study, the bended sensors, showed very unstable 
performance. However, the sponge cloth material itself seems 
suitable for moisture sensor fabrication. Embroidery with 
conductive thread is a known cost-effective way to fabricate 
UHF RFID tags, and the sensor tags in this study showed read 
ranges of 5 meters. Thus, the next step is to focus on further 
development of the bending-opening part of sensor, in order to 
achieve a permanent change in the tag performance. 
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