
The Creation of a Deformation Sensor Using “Smart” Fabrics:   

Applications to In Vivo Monitoring of Pregnant Women 

• The Smart Fabric Bellyband (Fig. 2) is a knitted smart fabric 

garment to wirelessly and continuously detect and monitor 

uterine activity.  

• This was developed by incorporating conductive, silver-

coated yarn into knitted designs to form knitted fabric 

antennas.  

• The use of a flexible, stretchable material for an antenna 

resulted in the ability to create a deformation sensor: as the 

fabric is stretched, the antenna size and properties vary, 

thereby affecting the return loss signal from the antenna. 

• A  Smart Fabric Bellyband will allow for increased comfort 

and mobility during labor, as well as continuous 24/7 

monitoring of uterine activity 
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• Current Fetal Monitoring Devices (Fig. 1) possess many 

inadequate features: 

• Cumbersome, uncomfortable and invasive 

• Restrict movement of the pregnant woman 

• Do not offer consistent 24/7 monitoring 

• Can leave physical damage on both the mother and child 

• Four million US pregnancies a year results in this being a 

widespread issue 

Antenna Design and Simulation 
• A patch antenna was designed with a center 

frequency of 4.5 GHz 

• Simulations on the return loss and radiation 

patterns of this antenna were determined in 

HFSS (High Frequency Structural Simulator) 

for experimental comparison (Fig. 3) 

 

Knitting Simulation 
• The design of the Smart Fabric Bellyband was 

created using Shima Seiki simulation software, 

shown in Fig. 4 

• These simulations allow for FEA analysis of the 

strain placed on the fabric when in use 

Fig.1a: Current Hospital Standard Fig.1b: Current 

Telemetry Device 

Fig.1c: Current 

Internal Device 

Fig.5a. Programmed 

Antenna 

Fig.5b. Fabricated 

Antenna 

Fig.6. Shima Seiki Software and Knitting Machines 

Fig.2: Simulation of Smart Fabric Bellyband 

Test Methods and Procedure 

• The fabric antennas were secured into an adjustable test fixture, 

seen in Fig. 7 

• The antenna was connected to a network analyzer to measure its 

return loss, radiation patterns, and change in central frequency as 

the fabric is deformed in millimeter increments 

The change in center frequency was recorded as the antenna 

was stretched in 3mm increments.  The results, seen in Fig.9, 

show that a 3mm shift in deformation corresponds to an 

approximate 500 MHz shift in frequency.  This pattern 

continues as the fabric is deformed further. 

Fig.3: Simulation of Patch Antenna in HFSS 

Fig.8: Simulated v. Measured Radiation Patterns and Return Loss of Patch 

Antenna 

Fig.9: Return loss change due to deformation of Patch 

Antenna 
These results have huge implications for the use of smart 

fabrics as wireless sensors in a great host of potential 

applications.  Future work includes the creation and 

refinement of a functional Smart Fabric Bellyband prototype 

using this technology. 

Results and Conclusions 

The radiation patterns and return loss of the antenna at rest 

were compared to the simulated results.  The results are 

shown in Fig.8.  While not ideal, these results show that 

knitting is an effective means of creating a working antenna. 

The Problem 

Proposed Solution: Smart Fabric Bellyband 

Antenna Fabrication 
• These designs were developed in the Shima Seiki 

Knitting Software, as seen in Fig. 5a 

• The program was executed with the Shima Seiki SSV 

knitting machine (Fig. 6), using silver-coated and 

wool fibers. The resulting antenna is seen in Fig.5b 

 

Fig.7. Antenna in test fixture attached 

to a network analyzer 

Fig.4. Bellyband Simulation 
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