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Self-Wearing Adaptive Garments via Soft Robotic Unfurling

Nam Gyun Kim!, William E. Heap?, Yimeng Qin?, Elvy B. Yao?, Jee-Hwan Ryu?, and Allison M. Okamura?

Abstract— Robotic dressing assistance has the potential to
improve the quality of life for individuals with limited mo-
bility. Existing solutions predominantly rely on rigid robotic
manipulators, which have challenges in handling deformable
garments and ensuring safe physical interaction with the
human body. Prior robotic dressing methods require excessive
operation times, complex control strategies, and constrained
user postures, limiting their practicality and adaptability.
This paper proposes a novel soft robotic dressing system,
the Self-Wearing Adaptive Garment (SWAG), which uses an
unfurling and growth mechanism to facilitate autonomous
dressing. Unlike traditional approaches, the SWAG conforms
to the human body through an unfurling-based deployment
method, eliminating skin-garment friction and enabling a safer
and more efficient dressing process. We present the working
principles of the SWAG, introduce its design and fabrication,
and demonstrate its performance in dressing assistance. The
proposed system demonstrates effective garment application
across various garment configurations, presenting a promising
alternative to conventional robotic dressing assistance.

I. INTRODUCTION

Dressing is a fundamental activity of daily living that
directly impacts independence and quality of life. For in-
dividuals with physical disabilities, the elderly, and those
recovering from injuries, dressing can be a significant chal-
lenge [1]. The inability to dress independently often leads to
a loss of autonomy, increased reliance on caregivers, and a di-
minished sense of dignity. Consequently, the development of
effective dressing assistance technologies can enhance acces-
sibility and promote greater inclusivity for individuals with
limited dexterity and mobility [2], [3]. To address dressing-
related difficulties, various technological approaches have
been investigated, including robotic manipulators that assist
in donning conventional garments [4].

Efforts focused on dressing users with commercially avail-
able clothing still face significant limitations. Most existing
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Fig. 1. Types of robot-assisted dressing systems. (a) An external
robot manipulates conventional garments to assist the user. (b)
Specialized wearable assistive/rehabilitative devices are capable of
autonomous donning and doffing. (c) Proposed approach: A self-
wearing system that augments existing garments with integrated
soft robotic mechanisms for autonomous dressing.

research focuses on algorithms that enable a robotic ma-
nipulator to place a sleeve onto a user’s arm (Fig. 1(a)).
Achieving successful dressing for a single arm is a critical
milestone, implying that the same approach can be extended
to the other limb [5]-[8]. However, robotic manipulators
must handle highly flexible fabrics [9] during continuous
physical interaction with the human body [10]. The usability
of these systems commonly suffers from excessive oper-
ation times and requires users to maintain fixed postures
throughout the dressing process. Moreover, the high cost of
sensors, the complexity of control algorithms, and the chal-
lenges associated with accurate sensing further hinder their
practicality. The rigid structures of these systems also pose
safety concerns [11]. Overall, these limitations highlight the
need for alternative solutions that offer improved compliance,
adaptability, and safety in robot-assisted dressing.

Meanwhile, a rehabilitative device capable of self-donning
and doffing has been proposed (Fig. 1(b)). Park et al.
developed a self-wearable exoskeleton system for individuals
with lower-limb impairments [12]. However, such a device is
designed for specific clinical or therapeutic purposes, and its
rigid structures render it incompatible with the requirements
of general-purpose dressing assistance.

A promising approach to addressing these challenges is
the use of soft robots, which have emerged as an alternative
to conventional rigid robots due to their inherent compli-
ance and flexibility [13]. Unlike traditional robotic systems,
soft robots can have continuum structures and conform to
complex, unknown objects, making them well-suited for
tasks that require delicate manipulation and safe physical
interaction with humans [14], [15]. Their potential for simple
fabrication and low materials costs further enhance their
practicality while addressing many of the limitations asso-



IEEE Robotics and Automation Letters (RA-L) paper, presented at ICRA 2026, Vienna, Austria. Cite as RA-L paper.

ciated with rigid robots [16].

The effectiveness of soft robots in assistive and human-
interactive applications has been demonstrated in various
studies. Soft robotic arms have been widely explored for
various assistive tasks, leveraging their inherent compliance
to enable safe and adaptive interaction with the human
body [17]. Soft robotic gloves and exosuits have also been
explored for assisting human movement, demonstrating sig-
nificant potential in improving mobility and facilitating reha-
bilitation [18], [19]. These studies underscore the advantages
of soft robotics in applications where adaptability and safety
for human-robot interaction are paramount.

Despite these advantages, the application of soft robotics
in dressing assistance remains largely unexplored. Kim et
al. [20] proposed an inchworm-like soft robotic locomotion
system that autonomously pulls a sleeve onto a human
arm, while Agharese et al. [21] developed a growing, self-
wrapping haptic device capable of conforming to various
forearm sizes. Recent work on fashion and kinetic cloth-
ing, such as Pola Demianiuk’s Soft Assembly [22], have
demonstrated garments animated by soft actuators. These
works primarily focus on reconfiguring garments through
local actuation for conceptual and aesthetic expression. Nev-
ertheless, no soft robotic solution has yet been demonstrated
for dressing with everyday clothing items such as sleeves,
jackets, pants, and shirts, which are highly deformable, lack
structural reinforcement, and are not specifically designed
for robotic assistance. Challenges imposed by such garments
include unpredictable wrinkling, skin—fabric friction, and
posture variability, and must be overcome to achieve reliable
autonomous dressing.

In this paper, we introduce a novel soft robotic dress-
ing assistance system: the Self-Wearing Adaptive Garment
(SWAG). This system augments existing garments by inte-
grating a soft robotic donning mechanism (Fig. 1(c)). The
SWAG employs an unfurling and growth mechanism to
autonomously don clothing while conforming to the human
body. Using tip unfurling, the SWAG minimizes friction
between the garment and the skin, enabling a safer and more
adaptive dressing process. This approach demonstrated fast
donning times, completing a jacket in 13 s and pants in 21
s. Whereas existing rigid robotic solutions often treat the
human body as an obstacle, requiring complex trajectory
planning to avoid collisions during the donning process, the
proposed soft robotic self-wearing technology leverages its
compliance to adapt to the user’s body. In doing so, the
human body itself implicitly guides the donning trajectory,
allowing the garment to naturally follow the contours of the
body, even when the user’s posture varies during the process.
This approach not only enhances safety and adaptability but
also simplifies sensing requirements and reduces the need for
computationally intensive control processes such as vision-
based motion planning during dressing. We present the
working principles of SWAGs, along with design guidelines,
prototype fabrication process, and experimental validation to
characterize its capabilities. Furthermore, its effectiveness is
demonstrated through a human subject demonstration.

Base

=§ Tip eversion

D

)]

I )

)
Subvine

Channel

(a)

Sheath

=)

Tip unfurling

(b) (©

Fig. 2. Concept of the unfurling-based donning mechanism: (a)
Schematic illustration of the proposed system. A subvine grows
within a channel integrated into the garment sheath. (b) Donning
process. As the subvine grows forward, it pushes the distal end of
the sheath, inducing an unfurling motion that enables autonomous
garment donning. (c) Doffing process. The subvine retracts, allow-
ing the sheath to be easily withdrawn from the body.

The remainder of this paper is organized as follows:
Section II describes the proposed system, while Section
III details its operational principles. Section IV outlines
the prototype fabrication process, and Section V presents
experimental results and demonstrations. Finally, Section VI
discusses the findings and explores future research directions.

II. PROPOSED MECHANISM

When removing tight clothing, it is often easier to turn
the garment inside out while pulling it off. This ease of
removal stems from the garment detaching without sliding
against the skin. The proposed robot in this paper leverages
this characteristic to assist with dressing. The proposed self-
wearing adaptive garment (SWAG) employs an inverting,
unfurling motion to cover non-uniform objects in a stable
and adaptive manner. To facilitate minimal friction between
the fabric and the object while enclosing the object, a SWAG
transports the outer membrane to the tip and unfurls it over
the object to achieve complete coverage.

Fig. 2 illustrates the fundamental working principle of the
proposed approach. As shown in the figure, the mechanism
functions by unfurling a thin sheath to wrap around an object.
The sheath employed in this mechanism is a thin fabric
formed into a cylinder, along which small-diameter channels
are distributed circumferentially. Along these channels, an
eversion mechanism, referred to as a subvine, extends inside.
By leveraging the principle of soft growing robots, known as
“vine robots”, which continuously extend from their tip while
minimizing friction with their surroundings [23], the subvine
generates a force that propels the sheath forward. As a result,
the sheath unfurls and envelops the object (i.e., the human
body) with minimal friction. A SWAG can function either as
a garment itself or as a mechanism that assists in donning
other garments. If an additional layer, such as clothing or a
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covering material, is placed over the sheath, the added layer
can be applied to the object seamlessly without friction. Once
the operation is complete, the overall mechanism can be
retracted simply by pulling it back, leaving only the covering
material on the object.

This unfurling of the sheath can be regarded as the inverse
operation of a vine robot. However, unlike conventional
vine robots, where the outer membrane remains stationary
while the tip inverts during retraction, this approach involves
active movement of the outer membrane to achieve unfurling.
Similar mechanisms have been demonstrated, where vine
robots were utilized as grippers [24]-[26]. However, their
approach required full enclosure and continuous connectivity
to sustain internal pressure within the membrane, which
limits its applicability to dressing assistance.

In this paper, we employ two design strategies that en-
able this unfurling behavior without pressurizing the entire
membrane, making it more suitable for dressing assistance.
Similar to the retraction method of the soft growing robot
proposed by Kim et al., our approach also utilizes a method
that increases the stiffness of the inner membrane while
simultaneously generating an outward force to naturally
transition the outer membrane into the inner membrane [27].
To achieve greater stability, higher force generation, and
applicability under static conditions, the proposed approach
employs the subvine, which completely isolates the internal
pressure of the channel within the inner membrane from that
of the outer membrane. This method, as demonstrated in
Seo et al. [28], enables a stable lengthening operation while
avoiding inflation of the whole structure. Such actuation
allows the sheath to operate along the body without requiring
inflation, thereby maintaining high compliance and elimi-
nating any unnecessary squeezing force applied to objects
or human skin. This strategy of excluding inflation of the
entire sheath is important, as simply inflating the entire
sheath while maintaining tension in the inner membrane is
ineffective for inducing unfurling. The slack outer fabric
tends to expand and kink under pressure, similar to buckling
behavior in conventional vine robots, rather than transmitting
force to the distal tip to initiate unfurling. As a result,
treating the entire sheath as a single vine-like structure fails
to achieve reliable unfurling propagation. To address this
limitation, sub-vine-based strategies that enable localized and
controllable unfurling were a crucial design choice, making
the system more suitable for dressing assistance applications.

III. WORKING PRINCIPLE

Figure 3 illustrates the free-body diagram representing the
unfurling mechanism of the SWAG. The interaction between
the tip of a subvine and the tip of a channel, which slide
against each other, can be modeled as a frictional, non-linear
pulley mechanism. For each channel, the free-body diagram
can be expressed as shown in Fig. 3(b), where F, represents
the force induced by the growth of the subvine, 7' denotes
the reaction tension applied to the inner side of the sheath,
and F), is the unfurling force generated by a single subvine.
Although some portion of the reaction tension is distributed
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Fig. 3. Principle of the proposed unfurling mechanism: (a) Concep-
tual illustration of the proposed mechanism. (b) Schematic diagram
of the force analysis for a single subvine. The unfurling force
generated by each subvine is modeled as a nonlinear frictional
pulley system. (c) Cross-sectional views of the mechanism with
varying numbers of subvines. (d) Geometric parameters used for
calculating the area moment of inertia.

to the outer side of the sheath, it is negligible. Therefore, for
modeling simplicity, we assumed the reaction tension from
the sheath—vine interaction acts entirely on the inner side of
the sheath.

The torque equilibrium at the pulley can be expressed as:

E,~a:Fu-(a+b)+f, (1)

where a and b represent the distances to the points of
force application, and f denotes a residual term rather than
a simple frictional force, accounting for both friction and
material deformation. The force generated by a subvine is
expressed as:

F, = PA, 2

where P represents the internal pressure of the subvine, and
A is the cross-sectional area of the subvine. Thus, the final
equilibrium equation is:

F, = (aib> - (PA~ f/a). 3)

If the number of subvines is /N, and we consider lifting
a cloth against gravity, the unfurling force required for each
subvine is given by:

F,=— 4)

where M represents the mass of the cloth, and ¢ is the
gravitational acceleration. Thus, the final equation can be
expressed as:
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Fig. 4. Normalized bending stiffness as a function of the angle
between a subvine and the bending axis. Systems with varying
numbers of subvines are shown (N = 1,2,3,4...), with the subvine
pressure modified to keep each system’s propulsive force constant.

Mg:N<aib) (PA - f/a). 5)

From this equation, it can be observed that as the number
of subvines increases, the weight of the fabric or garment
to be lifted is distributed among multiple subvines. Conse-
quently, the required pressure per subvine decreases while
still enabling the system to operate effectively.

However, increasing the number of subvines also affects
the compliance of the system. For example, in Fig. 3(c),
where the subvines are arranged in an axisymmetric manner,
the increased area moment of inertia may reduce compliance
despite the lower pressure. In Fig. 3(d), the subvines posi-
tioned at an offset from the bending axis contribute to an
increase in the bending stiffness of the overall structure. The
increase in area moment of inertia depending on the distance
between a single subvine and the bending axis is:

Iy,=1,+ Ad2, (6)

where I,/ is the enlarged area moment of inertia of a subvine
relative to the bending axis, I, is the area moment of
inertia of a subvine, A is the cross-sectional area, and d
represents the shortest distance between the bending axis and
the centroid.

Because subvines are cylindrical in shape, their area
moment of inertia and cross-sectional area can be defined
as:

7 nD* A nD?
e T 4
where D is the diameter of the subvine.

These equations indicate that as subvines are positioned
further from the bending axis, their contribution to bending
stiffness increases, thereby reducing the overall compliance
of the system. Fig. 4 illustrates the normalized bending
stiffness of the entire structure with varying numbers of
axisymmetrically placed subvines, with subvine pressures set

(7

so that every configuration generates the same propulsion
force. The stiffness values that generated the same propulsive
force for subvines with N > 3 were identical, and these were
used as the reference for normalization. When the number of
subvines is one or two, as depicted in Fig. 3(d), the bending
stiffness varies with the bending axis angle. However, when
the number of subvines is three or more, symmetry results in
the bending stiffness remaining uniform across all bending
axis angles.

From these observations, the following design guidelines
can be inferred. If the major bending axis can be predeter-
mined during the design phase, or if it remains close to the
axis that minimizes bending stiffness in most scenarios, it is
preferable to keep the number of subvines at two or fewer.
This consideration is particularly crucial when the SWAG
must operate along curved trajectories, where compliance
plays a significant role.

Beyond this, the number of subvines should be determined
based on the material’s tensile strength, ensuring that the
selected configuration can withstand the required internal
pressure. Additionally, while the current modeling assumes a
linear force distribution for simplicity, in real-world scenar-
ios, an increased number of subvines introduces additional
interference. This leads to an increase in the nonlinear term
f, thereby requiring higher actual pressures. Consequently,
maintaining a reasonably low number of subvines is rec-
ommended to balance operational efficiency and structural
compliance.

IV. PROTOTYPE FABRICATION

The SWAG consists of two main components: the sheath,
which performs the unfurling, and the subvine, which gen-
erates the unfurling force. In its simplest form, a SWAG can
be constructed by placing a preloaded subvine inside the
sheath. In this paper, both the sheath and the subvine are
fabricated using thermoplastic polyurethane (TPU)-coated
ripstop nylon. To reduce the bending stiffness of the inflated
cylindrical subvine while promoting axial elongation of the
sheath, both components are fabricated such that the braided
direction of the ripstop forms a 45-degree angle with the axial
direction. This fabrication approach ensures low stiffness,
resulting in reduced restoring bending moment and increased
compliance during deflection.

In this paper, the mechanism was designed with two
subvines. As discussed in Section 111, this decision was made
because the mechanism is intended for dressing assistance
on human arms and legs, allowing for the establishment of a
primary bending axis. Additionally, a single subvine was not
used to prevent unintended jamming caused by asymmetry.

To fabricate the desired structure, TPU-coated ripstop
nylon (30 denier, Extremtextil) is cut into a rectangular shape
and folded in half, after which an ultrasonic welding machine
(VETRON 5064, TYPICAL GmbH) is used to bond the
material, forming the cylindrical structure of the subvine.
Similarly, the sheath is fabricated by cutting TPU-coated
ripstop nylon into a rectangular shape and welding three
separate lines to create channels for the two subvines to grow
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while forming a cylindrical structure for covering objects.
Once the subvine is inserted into the end of the sheath’s
channel, the basic configuration of a SWAG is completed.
When the preloaded material inside the subvine is inflated,
the sheath undergoes unfurling, engulfing the target object.
The TPU-coated ripstop nylon exhibits different surface
properties on each side. The TPU-coated surface has a higher
friction coefficient, which must be considered when arrang-
ing the sheath and subvine. The sheath must have strong
friction against the clothing material it wraps around or the
human body, while minimizing friction against itself. Thus,
the TPU-coated side of the sheath faces outward toward the
clothing material or the human body. For the subvine, the
goal is to minimize friction with the internal materials while
effectively restricting relative movement with the sheath and
solely transmitting the force at the tip. Therefore, the TPU-
coated side of the subvine is positioned outward.
Furthermore, to enable repeated use of a SWAG, the ability
to retract the deployed subvine is desirable. Traditional vine
robots often face buckling issues during retraction [29].
However, buckling of the SWAG’s subvine is effectively
prevented by the structural constraint of the sheath’s channel,
enabling a simple yet effective base station design. In this

paper, the base was made sufficiently small to pass through
the sheath interior, allowing the SWAG to operate without
interference in its fully everted initial state.

The base station developed consists of an acrylic cylinder
to contain pressure, a reel to store the retracted subvine,
and a motor (XL330-M288-T, Dynamixel) to drive the reel.
External air is supplied to the acrylic cylinder through an
air inlet. Depending on the application, this base station can
be customized into different forms. As shown in Fig. 5(a),
the motor controls the deployment length of the subvine,
and upon pressurization, the sheath undergoes unfurling, as
shown in Fig. 5(b).

V. EXPERIMENTAL RESULTS
A. Unfurling force

An unfurling force experiment was conducted to quan-
titatively evaluate the force output of SWAGs, validate the
modeling, and characterize the design parameters. Figs. 6(a)
and (b) show the schematic and the actual experimental
setup, respectively. Subvines and channels with a diameter
of 32 mm, and the sheath diameter of 120 mm and 170
mm were used for the experiments. To measure the pure
unfurling force, the inner sheath, in which the subvine
extends, was fixed to a rod during the experiment. As the
subvine grew, the outer sheath unfurled into the inner sheath,
at which point the force was measured at the end of the
outer sheath. The force was recorded using a load cell (UU3,
DACELL) directly attached to the end of the outer sheath,
while simultaneously measuring the pressure applied to the
subvine. Each configuration was tested five times.

Fig. 6(c) plots the unfurling force against subvine pressure
for different numbers of subvines. Each slope was fitted using
a first-order polynomial, and the corresponding values of the
parameter a/(a + b) for N = 1, 2, and 3 were calculated
as 0.2313, 0.2678, and 0.2841, respectively. Compared to the
case of N = 1, the slope for N = 2 exhibits a slightly greater
than twofold increase, aligning well with the predictions of
the model. However, in the case of N = 1, asymmetric
force transmission resulted in a reduction of the measured
unfurling force. Additionally, for N = 3, the expansion of
the subvines within the sheath induced jamming between
the rod and the outer sheath, leading to a lower force output
than predicted by the model. This effect was mitigated by
increasing the sheath diameter from 120 mm to 170 mm,
confirming that in the absence of jamming, the experimental
results aligned with the model predictions. However, an
excessively large sheath diameter may lead to positional
instability of the subvines during dynamic operation and
could result in redundant material when applied to wearable
applications.

As the number of subvines increases, the proportion
of space occupied by the subvines inside the sheath also
increases, thereby reducing the effective diameter of the
donning target relative to the sheath diameter. This effect
may limit applicability in most wearable scenarios. Consid-
ering these experimental results along with the moment of
area analysis conducted earlier, this study adopts a SWAG
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Fig. 6. Unfurling force experiment. (a) Schematic illustration of the
experimental setup. (b) Actual experimental setup. (c) Unfurling

force as a function of subvine pressure for different numbers of
subvines.

configuration with NV = 2 to maximize compliance while
maintaining sufficient unfurling force generation.

B. Restoring moment and operating pressure in a bent
configuration

To characterize the behavior of a SWAG under bending,
we investigated its restoring moment and operating pressure
through experiments. Figs. 7(a) and (b) show the schematic
and the actual experimental setup, respectively. The orienta-
tion of the subvine arrangement during the experiments was
set to 0°, corresponding to the lowest configuration shown
in Fig. 4. Since human arms and legs bend at joints, this
experiment simulates such a scenario using a joint equipped
with bearings and two rods. To measure the pure interaction
restoring moment, one rod was fixed in place while the other
was left free in the air. When a SWAG was operated, it
generated a restoring moment that straightened the suspended
rod, causing it to exert force on a load cell grounded to the
floor. The applied torque is calculated by multiplying this
force by the moment arm from the joint.

Additionally, to characterize the subvine pressure required
to pass through each joint angle, the peak pressure required
during the unfurling process was recorded for each experi-
mental case. The joint angle was varied from 0° to 120° in
increments of 30°, and each case was tested five times.

Fig. 7(c) plots the maximum required pressure and the
exerted torque as functions of the joint angle. The measured
peak pressure does not necessarily coincide with the moment
at its maximum value. Both values generally exhibit an
increasing trend as the joint angle increases. The standard
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Fig. 7. Curvature experiment. (a) Schematic illustration of the
experimental setup. (b) Actual experimental setup. (c) Maximum
required pressure and exerted torque as functions of joint angle.

deviation also increases with larger joint angles. This phe-
nomenon occurs because, when the sheath experiences sharp
bending near the joint, variations in the formation of wrinkles
significantly affect the unfurling force required to drag the
outer sheath. Although a notable difference in pressure values
was observed between the 90° and 120° joint angles, the
resulting torque exhibited only a minimal increase. This is
because, at 120°, the increased pressure was primarily used
to overcome the heightened unfurling force due to severe
wrinkling, resulting in a transmitted force similar to that in
the 90° case. Additionally, in both the 90° and 120° cases,
the subvine was observed to be in a collapsed state, which
contributed to the similar torque values.

As a result, the SWAG with N = 2 successfully op-
erated through a 120° bent configuration without signifi-
cant difficulty, and the peak pressure remained within the
material’s tensile strength limits, ensuring stable operation.
Furthermore, the maximum applied torque corresponds to
the force required to lift approximately 0.3 kg (300 g) at the
fingertips, assuming an average adult male forearm length of
30 cm. This is comparable to the weight of a small beverage
can. These results demonstrate the compliance and stable
operation of the developed SWAG across various postures.

C. Demonstrations

1) Basic operation: To demonstrate the basic operation of
the system, we conducted a sleeve dressing trial on a human
using the SWAG. For this demonstration, we used the pro-
totype presented in Fig. 5. The base station enables compact
material storage and repeatable deployment in the demon-
stration. The SWAG was actuated under subvine pressure
of up to 50 kPa, which proved sufficient to achieve reliable
donning performance across various bent-arm postures. The
system successfully covered the subject’s arm in 14 seconds,
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Fig. 8. Self-wearing demonstration using the SWAG system. (a) Basic donning operation using a sleeve-type prototype actuated by an
automated base station. (b) Jacket donning demonstration with the SWAG integrated as an active component of the garment. (c) Pants
donning demonstration with the SWAG integrated as an active component of the garment (see the Supplementary Video).

without requiring precise alignment or manual assistance,
highlighting its potential for user-friendly operation.

2) Jacket and pants donning: The SWAG can be easily
embedded onto conventional clothes, such as jackets and
pants. This demonstration employs the preloaded subvine
method, as described in Section IV, to validate the system’s
compatibility with conventional garment configurations and
to showcase its simplified operation without the base sta-
tion. Jackets and pants are donned within 13 seconds and
21 seconds, respectively, demonstrating the efficiency and
practicality of the approach. Jackets with an openable front
can be easily donned with subvine growth along simple
channels attached on the jacket. The channel paths were
deliberately designed to enable effective lifting of the jacket
and closure of its front opening. This demonstration shows
that, with intentional channel positioning, a SWAG can
generate unfurling with directional changes.

VI. DISCUSSION AND CONCLUSION

This paper introduced the SWAG, an unfurling-based soft
robotic dressing system designed to overcome the limitations
of traditional robotic technologies in dressing assistance. By
leveraging the inherent compliance and adaptability of soft
robots, the proposed system facilitates dressing through a
growth mechanism, minimizing friction between the garment
and the skin. Experimental results demonstrated the effective-
ness of SWAGs in enabling safe and adaptive interactions
with the user. The demonstrations verify the effectiveness of
the proposed system in performing fast and adaptive dressing
tasks. The findings of this study highlight several key advan-
tages of the SWAG over conventional robotic solutions. First,
its tip-unfurling mechanism eliminates the need for complex
manipulation strategies typically required for dressing tasks,
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thereby simplifying the control framework. Second, its soft
and deformable structure enhances user safety, mitigating the
risks associated with unintended contact during human-robot
interaction. Finally, the system’s rapid deployment capability,
intrinsic adaptability that eliminates the need for the user to
maintain a fixed posture, and relatively low fabrication cost
contribute to its practicality across diverse settings, including
home care, medical assistance, and industrial applications.

Beyond its primary function of dressing assistance,
the proposed system demonstrates significant potential for
broader applications across medical and industrial domains.
In medical settings, the system could facilitate wound dress-
ing and assist in covering surgical robots with protective
drapes. Moreover, its applicability extends to assisting in
dressing pets, humanoid robots, and mobile robots that
require protective coverings. The SWAG’s simplified struc-
tural design and cost-effective manufacturing process fur-
ther enhance its accessibility, making it suitable for diverse
operational environments. Additionally, its capability for
rapid deployment is particularly advantageous in emergency
scenarios. For instance, the system could assist healthcare
professionals and industrial workers in donning protective
gear efficiently, aid in the application of compression ban-
dages during medical emergencies, and facilitate the donning
of protective equipment in hazardous environments. These
attributes highlight the system’s versatility and potential to
contribute to both routine and critical applications, further
expanding the impact of soft robotics in assistive and emer-
gency response technologies.

Further refinements are needed to enhance the system’s
functionality and applicability. The current design primarily
focuses on dressing assistance for jackets and pants, and
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future work should explore its extension to more general gar-
ments, such as T-shirts and lab gowns, as well as more com-
plex dressing scenarios. While the current system demon-
strates reliable performance, incorporating a mechanism that
allows the sheath diameter to adjust, or utilizing an elastic
material, could further expand its adaptability to a wider
range of body types and movement patterns. Enhancing the
user interface and automating the garment loading process
through the eversion mechanism would further contribute to
a more seamless and efficient dressing experience. Given the
compact size of the developed mechanism, its integration
with robotic arms could further optimize the dressing pro-
cess. Moreover, evaluating the system’s performance in real-
world conditions, including clinical trials with individuals
with mobility impairments, will be essential for validating its
practical applicability. Direct comparison with prior robotic
dressing studies is limited by inconsistent metrics, garment
types, and experimental conditions. It will be important for
future work to evaluate dressing performance using stan-
dardized benchmarks. While the subvines can be retracted
through the base mechanism, automated doffing of the full
garment has not yet been implemented; however, the eversion
process itself may offer potential for enabling doffing and
could be explored in future research.

In conclusion, the SWAG represents a significant advance-
ment in soft robotic dressing assistance, offering a novel
mechanism that prioritizes safety, adaptability, and efficiency.
Its versatile design and intuitive operation make it suitable for
integration into various assistive technologies, particularly in
healthcare and home settings. This system holds promise for
advancing assistive robotics and enhancing the quality of life
for individuals requiring dressing support.
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