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Abstract: A low-cost electronic yarn (e-yarn) fabricated with conductive yarns and light-emitting
diodes (LEDs) for wearables is presented. As part of ongoing research to develop smart interactive
pedestrian clothing, this work demonstrates the design and performance qualities of braided e-yarns
to produce red lighting effects. The design process adopted a simple encapsulation process with
adhesive tape and a heat contraction tube to secure stainless steel conductive threads to solder pads
of the LEDs. These were arranged in series against two stainless steel conductive threads to provide
single positive and negative terminals at both ends. The success of these low-cost, flexible, and strong
(wash durability) braided e-yarns proved to be a major achievement for integration into woven fabrics
for smart pedestrian safety clothing. These braided e-yarns producing the necessary lighting effects
are a key safety feature for improving pedestrian visibility and driver recognition at night-time.
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1. Introduction

Addressing pedestrian safety at night is important to help limit the number of accidents
that occur. These accidents are largely due to the clothes worn and the conditions of
darkness, which make it difficult for pedestrian visibility and driver recognition at night-
time. Efforts have been made with material innovation, i.e., retro-reflective materials,
which are effective in redirecting lights from their surfaces back to its source of origin [1].
Several studies by [2–4] have highlighted the ability of these retro-reflective materials to
improve the visibility and recognition of the wearer on the road when they are placed
as biomotion configurations on the clothing. Aside from this, lighting features, i.e., the
use of light emitting diodes (LEDs), also play an important role in providing additional
safety features which seek to improve the wearer’s visibility and the response rate of the
driver on the road. These LEDs, when integrated in the clothing, will aid in limiting any
pedestrian accidents. The available LEDs on the market are rigid and are easily sewn onto
the garment at various positions using conductive threads. This largely makes it difficult to
wash these garments. To adapt to this difficulty, advancements have been made to embed
small LEDs into thin wires or conductive threads to form electronic yarns (e-yarns), which
provides varying possibilities for integration in some clothing for different applications.
Notable contributions for e-yarns are an automated manufacturing process of embedding
LEDs to copper wires [5], embedding surface mounting devices on conductive yarns by
reflow soldering [6], and using crimp beads to bond LEDs to the conductive yarns [7].
These contributions have presented the opportunity to integrate LEDs into the structure
of the garment which are capable of withstanding washing and mechanical stresses that
may occur. Contributing to the growing efforts of making e-yarns, this study presents the
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development of low-cost e-yarns using common materials on the market for use in a woven
fabric which is aimed to be used for smart pedestrian interactive safety clothing.

2. Materials and Methods

Here, adhesive tape, 0603 size light emitting diodes, contraction tubes of different
sizes, stainless steel conductive yarns, and a hot air soldering machine were employed in
the fabrication process. A simple technique of embedding LEDs in a series into conductive
yarns was possible, where the contraction tube aided in effectively encapsulating the LEDs
to the conductive yarns and also insulating one-side of the conductive yarns to prevent
any short circuit when power is supplied. The fabricated e-yarn was further braided with
8-core retro-reflective yarn which was inserted into a woven fabric. The weaving process
was made possible using a rapier loom.

3. Results and Discussion

Two samples were produced with the use of 1.5 mm (named Set 1) and 0.6 mm
(named Set 2) contraction tubes for braided e-yarns which were further woven into a fabric.
Experimental test results showed the flexible nature of the Set 2 braided yarns and fabric
when woven into the weave structure using a rapier loom (Figure 1).
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Figure 1. (a) Braiding process, (b) braided e-yarns, (c) weaving process on the loom.

Both the Set 1 and Set 2 braided yarns still showed functional performance after
washing. The wash durability test showed the functioning of all the sets of braided yarns
(embedded with three LEDs) in its yarn form. In its fabric form however, woven fabrics
made from Set 1 and Set 2 braided e-yarns experience faults or non-functionality from
10 to 20 cycles and at 20 cycles, respectively. The non-functioning nature of these LEDs
was due to the non-contact nature of their solder pads to the conductive yarns for the
effective supply of power to light up the LEDs. The preliminary results demonstrate the
ability to integrate these woven fabrics (e-textiles) in the developed interactive system
with micro-controllers and sensors to produce safety alert features. It was shown that
the developed output proved a preliminary success for further research geared towards
enhancing night-time safety for pedestrians.

4. Conclusions

In this experimental work, we present an alternative approach to producing low-cost,
flexible, and strong e-yarns with performance qualities suitable for integration into woven
fabrics. These e-textiles are suitable for developing pedestrian safety clothing connected to
a developed interactive system to ensure the safety of pedestrians at night-time with three
key safety features.
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