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On the Development of Adaptive,
Tendon-Driven, Wearable Exo-Gloves for
Grasping Capabilities Enhancement

Lucas Gerez!, Junan Chen!, and Minas Liarokapisl

Abstract—Soft, under-actuated and compliant robotic exo-
gloves have received an increased interest over the last decade.
Possible applications of these systems range from augmenting
the capabilities of healthy individuals to restoring the mobility of
people that suffer from paralysis or stroke. Despite the significant
progress in the field, most existing solutions are still heavy and
expensive, they require an external power source to operate, and
they are not wearable. In this paper, we focus on the develop-
ment of adaptive (underactuated and compliant), tendon-driven,
wearable exo-gloves and we propose two compact, affordable and
lightweight assistive devices that provide grasping capabilities
enhancement to the user. The devices are experimentally tested
and their efficiency is validated using three different types of
tests: i) grasping tests that involve different everyday objects,
ii) force exertion capability tests that assess the fingertip forces
that can be exerted while using the exo-gloves, and iii) motion
tracking experiments focusing on the finger bending profile. The
devices are able to significantly enhance the grasping capabilities
of their user with a weight of 335 g and a cost of 92 USD for
the body powered version and a weight of 562 g and a cost of
369 USD for the motorized exo-glove version.

Index Terms—Physically Assistive Devices; Prosthetics and
Exoskeletons

I. INTRODUCTION

HE human hand is one of the most complex structures

of the human body and Nature’s most versatile and
dexterous end-effector. Roboticists have always been inspired
by the human hand, and they constantly seek new ways of
transferring the human skills to robotic platforms, enabling
them to execute complex everyday life tasks that require
increased dexterity (e.g., grasping and manipulating objects
or physically interacting with the environment surrounding
them) [1]. According to [2], a small set of representative grasp
types accounts for more than 80% of the grasp configurations
needed during activities of daily living. The grasps used for
such activities include the cylindrical, spherical, tridigital, tip
(precision grasp), and lateral grasp [3]. All these grasps can be
executed with the thumb, index and middle fingers that are the
most important ones, while the ring and pinky fingers appear to
have a supplementary role [4]. Such outcomes have been used
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Fig. 1. Side view of the proposed assistive devices (exo-gloves). Both devices
are tendon-driven. The body-powered exo-glove of subfigure a) transmits the
forces of the upper body (e.g., shoulders) to the human fingers, while the
motorized exo-glove of subfigure b) uses a single smart motor (Dynamixel
XM430-W350-R) for actuation purposes.

for the development of simplified robotic devices, that offer
lightweight and affordable solutions without compromising
their overall efficiency [5].

Several studies have focused on the force exertion capabili-
ties of the human hand demonstrating that a healthy individual
can generate a maximum grip force that ranges from 300 N
to 450 N [6]-[8]. In particular, in [8] the authors conducted
experiments to measure the human hand and finger forces in
different situations and obtained a mean value of 54 N for
pinch grasp forces and 43 N for distal fingerpad forces exerted
on flat surfaces. However, most of the activities of daily living,
do not require the high contact and grasp forces that humans
are capable of exerting. According to [9], the necessary forces
to manipulate objects found on activities of daily living do not
exceed 10 - 15 N.

The importance of the role of the hand is quite evident
in cases of people that suffer from paralysis or stroke. These
patients lose some of the capabilities of their hands (e.g., have
weaker grasps) and this loss has a tremendous impact on their
lives and in some cases on their independence. Over the last
decades, the field of exoskeletons, exosuits and in general
assistive devices has witnessed an explosive growth. Many
wearable, assistive devices have been designed to increase the
capabilities of the human hand and to provide assistance to
their users to execute activities of daily living (ADLs) or to
regain some of the lost dexterity [10], [11]. These wearable
devices can be actuated in different ways (e.g., through cables,
linkages, hydraulic systems, and inflatable structures) and can
have different stiffness, from completely soft to totally rigid.
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In [12], the authors propose a rigid hand exoskeleton that
weighs 1.1 kg and can exert a continuous force of 5 N through
linkages and motors connected to the hand. In [5], a tendon-
driven soft robotic exo-glove is proposed, that can generate a
pinch force of 20 N and a wrap grasp force of 40 N using a
battery powered actuation unit that weighs more than 1.5 kg.
In [13], the authors present a tendon-driven robotic glove that
can apply a maximum grip force of 15 N using a backpack
weighing approximately 6 kg. In [14], the authors propose the
SEM Glove, a tendon-based assistive glove that can exert up to
4 N in the fingertips using a battery which lasts approximately
one day and costs more than 4,000 USD. In [15], the authors
present the SSRG glove, a robotic glove used in space suits
that employs linear actuators that pull synthetic tendons to
increase the grip strength by more than 60 N. In [16], the
authors propose an exo-glove that achieves an increase of
about 8 N of the distal tip force using a belt pack with a
battery and a hydraulic system that weighs 3.3 kg and can run
for two hours. In [17], a soft robotic glove is proposed using
a pneumatic system to actuate it. This systems weighs 1.26 kg
and can exert a maximum fingertip force of 9.12 N.

Although the aforementioned assistive devices can offer a
substantial improvement in the quality of life of people with
physical disabilities, they have several limitations. First, these
devices rely on external power sources to operate, and as a
consequence, their autonomy is limited. In addition, the cost
of assistive devices increases considerably when pneumatic
systems, multiple motors, and sophisticated sensors are used.
The addition of these components also increases the total
weight of the device, making it also uncomfortable for the
user. Last but not least, most of the current wearable solutions
do not offer a long operation time so they cannot be used
for long periods of time. Thus, a lightweight, affordable,
easy to operate assistive device with long autonomy would
be indispensable for people that suffer from paralysis or for
human augmentation purposes.

In this paper, we propose two compact, wearable, and
lightweight assistive exo-gloves for grasping capabilities en-
hancement. The first device uses a body-powered mechanism
while the second device is an underactuated, motorized solu-
tion (Fig. 1). The devices are experimentally tested and their
efficiency is validated using three different types of tests: 1)
grasping tests that involve different everyday objects, ii) force
exertion capability tests that assess the fingertip forces that can
be exerted while using the exo-gloves, and iii) motion tracking
analysis of the bending profile of the index finger.

The rest of the paper is organized as follows: Section II
presents the designs and the modelling of the devices, Section
III details the experimental setup used for the tests and presents
the experimental results, while Section IV concludes the paper
and discusses future directions.

II. DESIGNS AND MODELLING

In this section, we present the designs and the modelling of
the body-powered and the motorized exo-gloves, discussing
also their functionalities and their operation.
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Fig. 2. Annotated presentation of the body-powered device in side view
(subfigure a) and back view (subfigure b). The device consists of a harness,
a glove, a differential mechanism, a tendon tensioning and adjustment
mechanism, tendon routing tubes and artificial tendons. The body-powered
mechanism relies on the transmission of forces from the upper body (e.g.,
shoulders) to the fingers through the tendon routing system. Simple body
movements can increase the tension of the tendon, actuating the soft exo-
glove. The differential mechanism is used to evenly distribute the forces to
the participating fingers.

A. Body-powered Assistive Exo-glove

The body-powered exo-glove was designed to enhance the
grasping capabilities of the user, providing easiness and intu-
itiveness of operation, with long autonomy, low maintenance,
and low cost. The device consists of four different parts: the
differential module, the soft glove, the tendon tensioning and
adjustment mechanism, and the harness (see Fig. 2).

The differential module is a solution for tendon tensioning
and even distribution of the grasping forces for the partici-
pating fingers. The particular differential mechanism can also
be applied to different underactuated prosthetic and orthotic
systems. Differentials based on the whiffletree mechanism are
widely used in underactuated robot hands [18], [19]. Fig.
3 shows an annotated image of the proposed solution. The
differential is divided into three different parts: the ratchet
clutch, the linear ratchet, and the spring loaded whiffletree
mechanism. The ratchet clutch mechanism consists of a
ratchet-pulley block for tendon wrapping, a pawl that blocks
the rotation of the ratchet in one direction and an elastic
element that acts as a spring and pushes the pawl against the
ratchet teeth, constraining its motion in the other direction.
This mechanism allows a fine and precise adjustment of the
tendon length (with a precision of 0.87 mm) [20]. The purpose
of using this mechanism is to adjust the length of multiple
tendons that are routed through the tendon routing tubes
and reach the glove. In order to keep the tendon tensioned
for a long time, a linear ratchet was used. This mechanism
guarantees that the tendon is locked in one position until the
mechanism is used again. This mechanism consists of several
“V” shape teeth arranged on a row, a lever, a rail, a base,
and two springs. The rail is fixed to the differential module
through screws and the base can slide on the rail guaranteeing
that the motion of the base always happens on a single axis.
When the upper cable is pulled, the lever is pushed by a spring
against the teeth until the system reaches the desired position.
Then, the lever slides into one of the “V” shape teeth locking
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Fig. 3. The proposed spring loaded differential mechanism is a solution for
tendon termination, tensioning and locking that can be applied not only to
assistive exo-gloves but also to robot and prosthetic hands. The concept is
based on an even distribution of the body-powered mechanism forces to the
participating finger tendons using the whiffletree mechanism. The differential
can be efficiently locked in different positions using a linear ratchet and a
locking lever. When the main tendon is pulled, the locking lever is pushed
by a spring against the teeth of the linear ratchet until the system is locked
at the desired position. The finger tendons are terminated on the whiffletree
differential mechanism using the ratchet clutch system proposed in [20].

the mechanism and keeping the tension constant. When the
system is re-engaged, the lever is pulled again to the channel
and a spring that connects the base to the differential module
walls pulls the base until the lever reaches its lowest position
and the tendon returns to its initial tension. When the upper
cable is pulled again the cycle is reinitialized. The ability to
keep the tendons tensioned for long periods of time is of
paramount importance for underactuated and body-powered
systems, since in other tendon-driven, motorized solutions
(e.g., fully-actuated systems) the dedicated motors can adjust
the tensioning of the tendons and hold the load while the
grasping and manipulation of the objects take place.

The body-powered mechanism allows the transmission of
forces from the upper body (e.g., the shoulders) to the index,
middle, and thumb fingers through the tendon routing system.
Simple body movements can increase the tension of the ten-
don, actuating the soft exo-glove. The differential mechanism
is used to evenly distribute the forces to the fingers. In order
to operate the device, this cable must be accurately tensioned
and for this purpose, a tension adjustment mechanism was
designed. The mechanism consists of a base where the parts
are connected, a lever, a pulley with rectangular teeth, a cover
and a retractable reel. After wearing the mechanism, the user
presses a lever and the cable on the reel (separate from the
tendon) rotates the pulley in the counterclockwise direction
wrapping the actuation tendon around it and tensioning it. The
plastic cover guarantees that the cable does not slip out of the
pulley channel.

The proposed harness was chosen for the body-powered
device because it is comfortable and helps to keep the shoul-
ders aligned. When the right arm or the shoulders move
transmitting forces to the main cable, the differential is pulled

and the artificial tendons of the fingers are tensioned. These
tendons are in charge of moving the fingers and they are
made out of a low friction braided fiber of high-performance
UHMWPE (Ultra-High Molecular Weight Polyethylene). One
end of the tendon is terminated on the differential mechanism
and the other end on a stainless steel structure at each fingertip.
It must be noted that the execution of tasks with the body-
powered mechanism takes longer due to the longer body
compensation motions that are required to actuate the exo-
glove. The body-powered exo-glove was designed to be as
simple and straightforward as possible to allow people to use
it without intense training. The device can be adjusted to all
body types and sizes. The personalization occurs only for the
glove and the harness because the size of these items depends
on the user’s height and weight.

The prototype of the body powered mechanism costs 92
USD to produce and weighs 335 g. To the best of our knowl-
edge this is the lightest among all the assistive exo-gloves
currently found in the literature. It is important to highlight that
this solution can be extended to different actuation units. The
force transmission from the shoulder to the fingertips could be
executed by other members or external systems if the person
cannot use other body parts (e.g., a motor could replace the
tension adjustment mechanism to tension the cable that comes
from the spring loaded differential mechanism).

B. Underactuated Motorized Assistive Exo-glove

The motorized assistive exo-glove was designed to enhance
the grasping capabilities, providing the user easiness of oper-
ation and high grasp forces with minimum effort. The device
is divided into three different parts: a control box, an EMG
(Electromyography) sensor, and the soft glove (Fig. 4).

The operation of the device is straightforward and as simple
as the body-powered device. An EMG sensor is connected
to the user’s forearm in a region where high variation in
the electrical activity of the muscles can be sensed (Flexor
Digitorum Superficialis area). The EMG sensor board detects
muscle activities that are related to grasping, filters, rectifies,
and computes the envelope of the signals by integrating
them, and sends them to the microcontroller, where they are
processed. The microcontroller, the sensor, and the motor are
powered by a 2200mAh 3S 20C Li-Po battery (see Fig. 5). The
microcontroller controls the motor via simple thresholding of
EMG signals, to actuate the exo-glove. The motor is connected
to a differential mechanism with two pulleys. These pulleys are
connected to the tendons that reach the fingertips of the glove
and they are in charge of actuating the fingers (one pulley
drives the tendon connected to the thumb and the other drives
the tendons connected to the index and middle fingers). While
the transmission of motion is instantaneous for the body-
powered device, the motorized device presents some delay
between the EMG sensor reading and the motor actuation,
a delay that increases slightly the task execution time.

The differential mechanism operates similarly to the popular
differentials found in cars (but using spur gears), distributing
the power of the motor to two shafts. The differential mech-
anism allows not only torque distribution but also the pulleys
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