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Figure 1: InvisIto overview. (a) A woven QR code is authored as a weaving draft. (b) Marker contrast is produced through
yarn-level structure design using a normal warp, a normal weft, and an NIR-absorbing weft. (c) The markers can be fabricated
across multiple weaving contexts, including hand weaving, Jacquard weaving, and industrial textile production. (d) With visible
imaging, the woven marker remains visually unobtrusive within the textile surface. (¢) With near-infrared (NIR) imaging, the

embedded QR code pattern becomes clearly machine-readable.

Abstract

Textiles are increasingly explored as media for interacting with
digital information. However, many of the existing approaches rely
on visible tags, printed overlays, or electronic modules that com-
promise the fabric’s aesthetic and tactile qualities. To address this,
we present Invislto, a method for weaving visually unobtrusive
yet machine-readable infrared markers directly into fabrics using
near-infrared (NIR)-absorbing yarns. Although these yarns look
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similar to standard fibers in ambient light, they produce strong
contrast in NIR imaging. Our method includes: (1) a design tool
that helps users easily embed infrared markers into weaving drafts,
(2) five disguising strategies that further reduce marker visibility
under ambient light, and (3) a camera-based detection pipeline for
decoding and tracking the woven markers. InvisIto supports both
woven QR codes for data encoding and woven ArUco markers for bi-
nary input and deformation tracking. We demonstrate applications
across hand weaving, Jacquard weaving, and industrial fabrication,
showing that InvisIto supports interaction and fabrication across
scales, from bespoke artifacts to mass production.

CCS Concepts

« Human-centered computing — Human computer inter-
action (HCI); Ubiquitous computing; « Applied computing —
Computer-aided manufacturing.
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resulting fabrics remain visually unobtrusive under visible light
while revealing high-contrast marker patterns under NIR imaging.
Invislto supports two classes of functionality: (1) digital informa-
tion encoding through woven QR codes and (2) binary input and
real-time deformation tracking through woven ArUco markers.

We further demonstrate these capabilities across multiple fab-
rication contexts (Figure 1c), from hand weaving for bespoke arti-
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1 Introduction

Textiles have long served as media for encoding and communicating
information, from the ancient Inca quipu cords used for data record-
ing to the Jacquard loom's punched-card weaving system that in-
spired early computing. This legacy continues in human-computer
interaction (HCI), where researchers explore textiles as substrates
for digital-physical integration, embodying Mark Weiser's vision
of ubiquitous computing, where technologies weave themselves
into the fabric of everyday life [42].

Many current approaches to integrating textiles with digital in-
formation and interaction, however, rely on visible componen8; [
12 20 33, embedded electronic}] 32, or additive layers p§.
Although textiles are well-suited to ubiquitous computing because
of their intimate integration with our everyday activities, current
approaches often undermine what makes them appealing in the

rst place, including their aesthetics, comfort, and ability to blend
into daily life. For example, visible markers disrupt visual design,
embedded electronics can alter exibility and washability, and sur-
face treatments may wear out over time or change how the fabric
feels.

Marker systems o er a simple and passive means of adding digi-
tal functionality to textiles. They have been used to support data
encoding P8, identi cation [ 3, 17, and tracking R3 45 49 in
textile contexts. However, most existing implementations remain
visually intrusive. As a promising alternative to these markers, HCI
researchers have investigated infrared (IR) markers across various
substrates that are readable only at wavelengths less salient to
human vision B, 8, 9]. Inspired by this line of work, our goal is
to achieve such IR marker functionality on fabric substrates. Al-
though some related works in materials science share a similar mo-
tivation and have explored infrared functionality in textile-related
systems 17, 19, their primary focus is on novel material develop-
ment rather than on scalable deployment or interaction design.

We present Invislth a method for weaving visually unobtru-
sive yet machine-readable markers directly into textiles using NIR-
absorbing yarn (Figure 1). This work extends our prior work],
which introduced the concept of weaving NIR-absorbing yarn into
fabric to create hidden QR codes and explored early methods for
reducing their visibility. Invislto further provides an end-to-end
work ow for weaving markers with NIR-absorbing yarn, including
(1) a design tool for accessibly designing and weaving NIR markers
on textiles, (2) ve disguising strategies that further reduce marker
visibility under ambient light, and (3) a camera-based detection
pipeline for decoding and tracking the woven NIR markers. The

1The method name Invislto combines Invisible and Ito (meaning yarn in Japanese).

sonal narratives, an industrially fabricated sofa upholstery, and an
AR-enhanced cushion that supports real-time deformation tracking.
To summarize, our work makes the following contributions:

(1) Yarn-level unobtrusive marker integration: a method
for weaving visually unobtrusive yet machine-readable NIR
markers directly into fabrics;

(2) Marker authoring and disguising work ow: a design
tool for integrating markers into weaving drafts, together
with ve disguising strategies that reduce marker visibility
under visible light while preserving NIR readability;

(3) Detection pipeline: an NIR sensing pipeline enabling recog-
nition of static markers, binary input, and real-time tracking
of textile deformation; and

(4) Applications across fabrication scales: applications span-
ning hand weaving, Jacquard weaving, and industrial textile
production.

2 Related Work

Our work builds upon three strands of prior research: infrared-
based marker systems, textile-based data encoding, and textile de-
formation sensing.

2.1 Infrared-Based Marker Systems

A persistent challenge in marker-based interaction with physical
objects is that visible markers disrupt aesthetics and occupy visual
space. In HCI, infrared (IR) markers have been increasingly explored
to address this. These systems exploit material properties such
as IR absorptionq, 34, 43, transmission B], or uorescence B,

38 to produce patterns that are unobtrusive to the human eye
yet readable by machines. They have supported applications such
as AR tracking 6, 7], projection mapping #1], and personalized
interaction [37].

Many prior implementations target rigid or semi-rigid substrates.
For example, InfraredTag8][encodes IR-transmissive barcodes in-
side 3D-printed plastics to support low-cost, invisible object tagging.
BrightMarker B] incorporates NIR- uorescent laments into 3D-
printed structures, enabling high-contrast marker tracking under
motion and ambient light. Research such as Impriripgnd Stan-
dARoneT] explores the use of o -the-shelf IR-absorbing inks for
inkjet printing, enabling the creation of invisible watermarks or
data patterns on documents. However, direct textile integration
remains rare. Rosner and Ryok&7 surface-painted IR-absorbing
ink onto nished knit fabric for location-aware annotation, though
surface treatments wear with use and sit outside the garment's
production process.
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Related work in materials science has also explored encoding
IR markers in textiles. Jeong et §l9 constructed an IR-emitting
barcode from an array of conductive yarns that require an applied
voltage to function, while lezzi et a] 16 developed photonic-crystal
bers that re ect speci c infrared wavelengths through custom
ber synthesis. Although these studies con rm the feasibility of IR
encoding in brous structures, they prioritize material development
over practical deployment in HCI contexts and across real-world
production scales.

2.2 Textile-Based Data Encoding

The ability to encode data into textiles transforms them from pas-
sive materials into information-carrying media. Prior HCI research
has explored embedding digital information in textiles for supply
chain traceability [L2 16, 17, interactive experiences? 37, and
sustainable material practice$][ Early approaches augmented
fabrics with external or surface-level encodings. For example, RFID
tags have been a xed to garments for logistics and inventory track-
ing [18, and sewn wash tags or printed QR codes have been used to
provide readable product information. These commercially oriented
tagging techniques inspired a range of HCI research that adapted
similar principles for interactive and expressive applications in
garments. Hakkila et a[19 attached AR markers into clothing
patterns to enable smartphone-mediated interactions, while Ku-
usk et al [2]] introduced QR-coded embroidery to link craft-based
textiles with digital narratives. These studies laid important ground-
work for data encoding in textiles. However, they frequently relied
on add-ons that visibly altered the textile.

More recent work embeds data through the fabric's structure it-
self, including magnetized weave patterrg§,[woven identi ers [12],
weave-based AR ducial€2, and Jacquard-woven conductive el-
ements BJ. While these advances improve structural integration,
they often restrict design choices, require post-processing, or use
materials that reduce softness and wearability.

2.3 Textile-Based Deformation Tracking

Deformation tracking in textiles has evolved along two primary
paths in HCI. Sensor-based methods integrate conductive materi-
als [11, 24, 35 48 or functional coatings [L4, 22 3( to translate
mechanical deformation into electrical signals. While these tech-
niques are relatively accurate, they often introduce non-textile
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surface markings. These approaches still rely on visible markers or
surface patterns, leaving unobtrusive textile deformation tracking
an open challenge.

Taken together, Invislto occupies a distinct position among ex-
isting approaches by integrating visually unobtrusive, passive, and
machine-readable markers directly into the woven structure of tex-
tiles, enabling both data encoding and deformation tracking within
standard textile fabrication work ows. Rather than focusing on
rapid prototyping through additive or surface-applied fabrication
techniques, Invislto is designed to integrate with existing weaving
work ows, supporting scalable textile manufacturingf, 44. Un-
like surface-applied, embroidered, electronic, or conductive alterna-
tives, Invislto combines washability, scalable textile manufacturing,
and deformation tracking without requiring embedded electronics
or obvious surface graphics.

3 Invislto

3.1 Overview

Invislto embeds visually unobtrusive but machine-readable mark-
ers into woven textiles using NIR-absorbing yarns. The work ow
consists of three stages: marker design and embedding through
our design tool, textile fabrication through weaving, and marker
decoding or tracking under NIR imaging.

elements, such as conductive layers, threads, or coatings, onto the Figure 2: Visible-light and NIR images of SOLAMENT (8%)

original fabric surface and require additional wiring, power, and

data-acquisition hardware to read the sensor signals. These addi-

tions often complicate integration and compromise the textile's
inherent softness and breathability. Xu et §g aim to solve this
by using near- eld coupling. However, the need for specialized
electronic integration remains.

Vision-based methods instead infer deformation from optical
cues such as ducial markerB 25 39 47, 50 or embedded pat-
terns [13 26. While these approaches avoid rigid electronics, they
still rely on visible surface features that can compete with the tex-
tile's intended visual appearance. Chic-Mark&f][ for example,
computationally fuses AprilTag into a Pied-de-poule pattern via
sublimation printing, reducing the visual salience of the marker.
However, it still does not resolve the fundamental reliance on visible

and Teijin Heat Energy yarns compared with normal white
and black yarns, respectively.

3.2 NIR-Absorbing Yarns

Near-infrared (NIR)-absorbing yarns serve as the material basis of
Invislto. NIR yarns are engineered to selectively attenuate light in
the near-infrared (NIR) range (approximately 7@® to 1400hm)
while remaining visually neutral under visible light. As shown in
Figure 2, these yarns closely match standard yarns under ambient
light yet appear darker under NIR imaging, which enables us to
embed machine-readable contrast directly into the textile structure
rather than adding visible tags, printed overlays, or attached mod-
ules. In our implementations, we used two types of commercially
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available IR-absorbing polyester yarns: SOLAMENIKT2205A
(150 D, Sumitomo Metal Minir?g, which is available in variants
with 2%, 4%, 6%, and 8% NIR-absorbing additive content, and Teijin
Heat Energy TWYCKU160 BCE167T48 (150 D).

To characterize the NIR absorbance of the yarn materials used in
Invislto, Figure 3 compares the absorbance spectra of SOLAMENT
(8%), Teijin Heat Energy, and normal yarns of white and black color
measured with a spectrophotometer (HORIBA DuéjtaAlthough
the absorbance properties are similar in the visible region between
the normal yarn and the corresponding NIR-absorbing yarn, both
NIR-absorbing yarns exhibit consistently higher absorbance than
normal yarns across the NIR region from 786 to 100(nm, con-
rming their stronger NIR attenuation.

Figure 4: Double-weave encoding of QR modules. Layer
switching brings either the NIR-absorbing or NIR-
transparent weft to the front surface, producing dark
and bright modules under NIR imaging for woven QR code
generation.

NIR imaging. Swapping the two layers reverses this, producing a
bright region (Figure 4b). By applying this layer-switching oper-
ation module-by-module, we encode the complete binary marker.
Our design tool generates the double weave structure for marker
design as weaving drafts (Figure 1a). For each weft insertion, or
pick, the draft speci es which warp yarns the loom raises, which
determines how the NIR-absorbing and standard wefts are assigned
to the Front and Back layers, thereby encoding the marker through

Figure 3: Absorbance spectra of SOLAMENT, Teijin Heat En- double weave.

ergy, regular white yarn, and regular black yarn measured . ..
from 300 nm to 1000 nm. The shaded region indicates the 3.4 Disguising Markers
near-infrared range from 750 nm to 1000 nm. Although woven markers made with NIR-absorbing yarns appear
relatively unobtrusive, they can still remain slightly perceptible
under ambient light (Figure 6).
3.3 Embedding Markers Even the marker woven with only one type of yarn is visible un-
der close inspection due to subtle surface unevenness caused by the
layer-switching structure. To further reduce this residual visibility
while preserving NIR readability, we explored ve disguising strate-
gies: (a) yarn plying, (b) pattern decoying, (c) inkjet overprinting, (d)
post-dyeing, and (e) dark-color blending (Figure 5). These strategies
were selected for their practicality, as each is manufacturable across
scales, from hand weaving to industrial production. We evaluate
all ve strategies in section 4.

Weaving interlaces two sets of yarns: warp yarns run lengthwise
and stay xed on the loom, while weft yarns are widthwise in-
serted across them to form the textile structure. Invislto encodes
a marker with two wefts that look similar in ambient light but
di er under NIR imaging: an NIR-absorbing yarn and a regular
(i.e., NIR-transparent) yarn. The warp is entirely standard yarn; the
weft alternates between the two types. Under NIR imaging, the
NIR-absorbing weft reads as dark and the standard weft as bright,
giving the black and white of a binary marker. Yarn plying. We applied yarn plying by wrapping an additional
To control which weft yarnis visible at each location on the fabric  yarn around the NIR-absorbing yarn (navy and white yarns in
surface, we use double weave. Double weave is a weaving technique Figure 5a). This outer yarn layer helps blend the marker into the
to produce two fabric layers, a Front layer and a Back layer, simulta- surrounding textile by reducing local texture contrast on the sur-
neously on the same loom (Figure 4a). The marker pattern is created face.
by switching the two weft yarns between these layers. When the
NIR-absorbing weft is brought to the Front layer and the standard ~ Pattern decoying. We introduced surrounding decoy patterns

weft is routed to the Back layer, the surface reads as dark under that are visually similar to the genuine marker but not machine-
readable. We hypothesized that these decoys make the overall textile

2| . ini . . .
Jhitps://crossmining.smm-g.com/solament/ pattern appear more spatially uniform, thereby reducing the per-
https://www.smm.co.jp/en/

“https:/iwww.horiba.com/int/scienti c/products/detail/action/show/Product/duetta- ceptual salience of th_e aCtual mar_ker compared to placmg a S'ngle
1621/ marker on an otherwise plain textile.






	Abstract
	1 Introduction
	2 Related Work
	2.1 Infrared-Based Marker Systems
	2.2 Textile-Based Data Encoding
	2.3 Textile-Based Deformation Tracking

	3 InvisIto
	3.1 Overview
	3.2 NIR-Absorbing Yarns
	3.3 Embedding Markers
	3.4 Disguising Markers
	3.5 Design Tool
	3.6 Fabrication
	3.7 Detection Pipeline

	4 Technical Evaluation
	4.1 Visual Unobtrusiveness and Readability
	4.2 QR Decoding Performance
	4.3 ArUco Tracking Performance

	5 Applications
	5.1 T-shirt with Anti-Counterfeiting Marker
	5.2 Handwoven Memory Wristband
	5.3 Smart Furniture Upholstery
	5.4 Deformation-Aware AR Cushion

	6 Limitations and Future Work
	6.1 Visibility of Woven Markers
	6.2 Resolution and Yarn Type
	6.3 Beyond Conventional Fiducial Markers
	6.4 Fabric Deformation and Occlusion

	7 Conclusion
	Acknowledgments
	References

