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Knitting is ideal for E-textile devices and wearables as it 
enables mechanically dynamic fabrics at the stitch-level and 
can be manufactured by programmable machines. Design Parameters
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This project develops a low‑cost, tunable dip‑coating process 
that produces custom insulated conductive yarns optimized 
for knitting.



Electromechanical characterizations validate machine 
knittability and insulation performance, while applications 
show promise towards dense, energy efficient sensing.

High-density, knitted tactile sensors need individual yarns 
to be flexible and insulated to remain electrically isolated, 
addressable, and functional.



Commercially-insulated conductive yarns are not suitable 
for machine knitting.
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High density multi-touch 
detection (~50 knitaxels/cm^2).



Knitted, 2-layer capacitive 
pressure sensors exhibit high 
precision at the knitaxel level 
(<100mN sensitivity).



Device performance is suitable 
for multi-touch and touch 
gesture input interfaces.

Single Knitaxel (CH0) Force vs Capacitance Response

Knitting and Sensing Approach

Expanding Accessibility 
Simple and inexpensive fabrication of functional yarn contributes 
to customizable, ubiquitous knitted sensors.



Yarn knittability shown on Kniterate Digital Knitting Machine, 
which is up to 10x cheaper than standard, industrial machines.


Knitting using the Kniterate ® digital 
knitting machine, a 7 gauge flatbed 
machine.



Programmable knit structure 
enables control over fabric 
mechanical behavior and sensor 
geometry.

Capacitive tactile sensors locate and 
quantify pressure by measuring force-
induced capacitance change between rows 
and columns on 2 perpendicular layers. 



We knit 2-layer structures and define each 
intersection area as a knitaxel.

F orce on a knitaxel causes 
measurable capacitance 
change.
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Electromechanical Characterization
Comparing electromechanical data between:

          A. Shieldex (Commercial Coated) yarns: “industry standard” TPU-insulated yarns

          B. Pre-Knit yarns: custom-coated yarns before knitting

          C. Post-Knit yarns: custom-coated yarns from deconstructed-knitted samples
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Voltage Sweep from 
-60V to 60V using 
an ambient probe 

station and source-
measure unit

Strong yarns maintain 
mechanical durability 

during knitting

Proper stiffness 
preserves flexibility and 

sensor performance

Low leakage ensures 
safe, efficient sensor 

operation

Custom Coated Yarn Commercial Coated Yarn

Commercially available insulated yarns are not optimized for machine 
knitting. Using a custom fabrication process, we’ve produced insulated 

yarns optimized for knitted sensing interfaces. Our yarns show >20% less 
bending stiffness as well as similar tensile behavior and electrical 

insulation compared to an industry standard. Our knitted tactile sensors 
achieved 50 knitaxels/cm² density and <100 mN pressure sensitivity.

Future Work

Extend dipcoating process to other 
materials that enable triboelectric 
nanogenerators (TENG) at a yarn-
level and energy-efficient 
hierarchical sensing.

Utilize TENG-Capacitive hybrid 
fabrics for health monitoring, 
prosthetics support, and athletic 
wearables.

Expand gesture recognition in knitted wearables 
for gestural inputs and enriched communication 
in human-human interactions.

I mprove sensor density and tactile 
response for enhanced robotic dexterity 
and perception in computer-computer 
interactions.
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