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Devices that allow using the functionality of natural hand movements are of the
greatest interest. The purpose of this study was to select areas of research at the intersection
of several fields of science - biomechanics and cybernetics to develop scientific and technical
approaches to track the movements of the operator’s fingers and form feedback tactile and
force communication received from the control object to achieve a new level of accuracy in
work with virtual and with real objects by converting virtual contact action into physical.
Methods of force feedback were implemented according which they can be divided into
two groups: active and passive feedback. The main technologies used to implement various
functionalities of the virtual reality glove were identified: measuring hand positions and
feedback generation. The main advantages of the planned development were also identified:
the ability to digitize up to 16 finger joints, tactile and force feedback, and moderate cost, a
benchmark for the mass market.
on R commander 3.4.1 was used with the Kruskal-Wallis h-criterion and Pearson’s x*-test.

The development of the design of the glove will be implemented using a kinematic
scheme based on the kinematics of the human hand, considering the requirements of
aesthetics and ergonomics of the solution. As a sensor system, it is planned to use digital Hall
sensors with a capacity of up to 14 bits, high speed and, at the same time, small dimensions,
allowing them to be installed directly inside the swivel joints.
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Investigation of methods for constructing gloves with tactile ...
Introduction

Modern technologies allow users to "live" in a
virtual space when the illusion of the user's
presence is created by tracking and visualizing real
movements. With certain equipment settings, the
user can not only look around but also interact with
objects inside virtual spaces and through the
telecontrol of a robotic arm in avatar mode. In
recent years, virtual and mixed reality systems have
evolved significantly and become available to the
mass user. Low-cost virtual reality headsets (such as
the HTC Vive and Oculus Rift) have emerged that
provide high-resolution images and a wide viewing
angle, and their built-in head tracking systems
provide a new immersion experience in the virtual
environment. The set of these helmets includes the
simplest three-dimensional joysticks that allow
influencing the virtual environment by moving
hands.

Nevertheless, for a more realistic immersion, it is
necessary to use other senses, in particular, the
tactile sensation of touch and the force of impact on
a virtual object, which is confirmed by studies [l
The tactile glove is the most demanded and complex
among the devices for interacting with virtual
reality. Indeed, each person has a unique hand size
and shape, and even pairs of hands are not identical
or symmetrical. In addition, the hand is one of the
most sensitive parts of the body. It is not only able to
perceive small details with high frequency but can
also exert a strong force.

Applications

Consequently, to be effective, a tactile glove must
adapt to its wearer. It should be lightweight and
compact yet deliver a large amount of power with
very low latency. The main areas of application of
such devices:

- Medical rehabilitation [2-6l,

- Entertaining game complexes of virtual reality [7-
10]

- Professional controller for CAD 3D modeling of
similar software suites [11-13],

- Virtual simulators of complex control objects
(equipment for the mining industry, cabins of trains
and airplanes, etc.) [14-16],

— Telecontrol of multi-link robots manipulators
(avatars) [17-19],

- Animation and film industry [20-22],

Virtual reality gloves are divided into several
categories according to the method of constructing
structural and layout solutions:

- Textile. Cover the palm and fingers with an elastic
cloth. The sensors can be either integrated inside the
fabric or located in the form of patches on the
corresponding fingertips. The main advantage is the
ease of putting on the hand.

- Consisting of separate strips of fabric and plastic.
Such gloves do not completely cover the hand, but
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only the necessary structural elements in which
sensors and actuators are placed.

- Gloves with open fingertips. A variety of striped
gloves with fingertip access. Allows interacting with
touch screens.

- Exoskeletons. They are a set of joints with rigidly
connected nodes. Typically located on the outside of
the user's palm. Controlling the rotation of the joint
emulates a force resistance proportional to the effect
of the forces of the virtual object. The main
advantage is high functionality compared to textile
ones: the ability to implement force feedback.

Functions

The main functionality of the virtual reality gloves is
to solve two problems:

1. Measurement of hand positions. Based on tracking
the angular position of the fingers and the
orientation of the user's palm. Required for tracking
movements and recognizing individual gestures. An
important advantage of special devices in the form
of gloves compared to external optical tracking
systems is their stability and independence from
"shading" or depth effect caused by changes in hand
orientations, in which the optical system cannot
identify observation of individual groups of fingers.
The key parameters are measurement accuracy,
several degrees of freedom, refresh rate, and range
of motion typical of a healthy human hand with 22
degrees of freedom in hand.

2. Feedback. Designed for intuitive interaction with
virtual or real objects (as part of robotic avatars).
The work is based on the generation of proportional
forces on the user's skin and joints:

a) tactile. Provides a sense of touch, shape, texture,
and roughness to an object. The main technologies
used are electromagnetism (vibration, linear
actuators, solenoids, and voice coils) and
electrostatics (piezoelectric actuators, elastomers);
b) power. Provides a sense of inertia, mass, and
firmness to an object by generating and regulating
resistance to movement of the user's muscles.
Servos, linear actuators, or flex-rod systems can be
used. Application example: sensing contact with a
wall, identifying stiffness and deformations of a
virtual object. The drive control method is based on
the so-called malleable control used in collaborative
robotics.

History

The production of virtual reality gloves has wide
geography: the major companies are located in the
United States, but there are a number of
developments in the European Union, China, and
Russia. Improving the quality and ease of control of
both virtual objects and real robotic systems is
provided by feedback systems that provide the
"immersion" effect (Figure 1). These systems act on
the operator's senses and transmit information
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about the control object. In general, feedback can be
divided into two main areas, according to the senses
on which they act: force feedback affects the muscles
of the operator's limbs, and tactile feedback affects
tactile receptors in human skin. According to the
methods of implementation, the design of feedback
systems can be divided into portable and stationary.

portable,
on separate
fingers

K

DESR, 2006

Krechetov L.V. et al.
Portable systems are placed on individual fingers, on
the palm, on the back of the hand, or on the hand as
a whole.
In the course of the study, several commercial
virtual reality gloves were identified (Figure 2), the
classification of which by functionality and
technology used is presented in Table 1.

Wolverine, 2016

portable,
located on
the palm

Rutgers Master II, 2002

PFFDG, 2011 Jamming Tubes, 2015

portable,
located on
the wrist

HEXOTRAC, 2015

SAFE, 2015 Dexmao, 2016

stationary
systems

HIRO ITI, 2009

Figure 1) Design features of gloves with feedback
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Table 1) Classification of gloves by functionality and technology used
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Name Type Corner Force Tactile Degrees Number Sensor type INS Size Connection Other features
detection feedback feedback of of angle range method
freedom sensors
5DT (23] Finger Yes No No 5/14 5/14 Optical fibre No Single USB Lycra
attachments size RS232
Bluetooth
CaptoGlove Textile Yes No No 5 5 Flexible 1 Single Bluetooth  Breathable fabric
[24] potentiometer size BLE 4.0
Cobra Glove Finger Yes No No 7/13/16 0 INS 7/13/16SS,S, Wi-Fi Removable
[25] attachments M, L electronics
Dexmo [26]  Exosceleton Yes Yes Yes 10 5 Rotation No Single Wi-Fi, Memory foam
potentiometers size USB cover
Exo Glove [27] Stripe Yes No No 6 0 INS 6 S, M, L Wi-Fi, Modularity
attachment Bluetooth
BLE
5.0
Forte Data  Stripe Yes No Yes 13 10 Flexible 1 Single Bluetooth  Neoprene, nylon,
Glove [28] attachment potentiometer size BLE, lycra
USB
HandTutor Textile Yes No No 5 5 Flexible No 5 USB -
[29] potentiometer
Hi5 VR 0] Finger Yes No Yes 8 6 Hybrid (optical 6 S,M  Wi-Fi Breathable
attachments fiber and INS) antibacterial fabric
Manus Prime Finger Yes No No 14 10 Flexible 1 Single Wi-Fi Breathable
1131 attachments potentiometer size antibacterial fabric
Manus Prime Stripe Yes No Yes 14 10 Flexible 1 Single Wi-Fi Breathable
11 Haptics 311 attachment potentiometer size antibacterial fabric
MoCap Pro Textile Yes No No 11 6 Finger distance No M,L Bluetooth, Breathable
SuperSplay sensors Wi-Fi, antibacterial fabric;
[32] USB-TypeC, Rubber pads;
Velcro for optical
markers
Nansense R2 Textile Yes No No 7/12/15 INS 7/12/15S, M, L Wi-Fi, Velcro for optical
[33] USB markers;
Automatic sensor
calibration
Perception Finger Yes No No 8 No INS 6 S, M, L Wi-Fi -
Nuron 341 attachments
Rapael 351 Stripe Yes No No 5 6 Flexible 1 Single Bluetooth  Elastomers;
attachment potentiometer size Simple cleaning
Rokoko [3¢]  Finger Yes No No 9 No INS 7 S, M, L, Wi-Fi Tight fit for fixing
attachments XL sensors
SenseGlove Exoskeleton Yes Yes Yes 23 20 Angle sensor 1 Single USB Combination of
DK1 371 size  Bluetooth fabric and plastic
Senso Glove Exoskeleton Yes No Yes 9 No INS 8 S,M, USB, -
DK3 37 ML, L, Bluetooth
XL BLE
SenseGlove Exoskeleton Yes Yes Yes 8 5 Angle sensor 1 Single Bluetooth  Reinforced version
Nova 371 size
SensorialXR Textile Yes No Yes 9 No INS 7 Single Bluetooth  Non-flammable
[38] size BLES5.0 lycra with
antibacterial
coating
VMG [39] Textile Yes No No 8/19 1 Flexible 5/16  Single USB, -
potentiometer size  Bluetooth
VMG Haptic Textile Yes Yes Yes 8/19 1 Flexible 5/16  Single USB, -
[39] potentiometer size  Bluetooth
VRGluv 401 Exoskeleton Yes Yes Yes 14 14 Tension and 14 Single Wi-Fi Unique system for
cable position size  Bluetooth measuring joint
sensors positions and
transferring forces
on flexible rods
Tau Tracker Textile Yes No Yes 6 6 INS 6 Wi-Fi The work is based

[41]

Bluetooth

on the
measurement of
the magnetic field
of a special
inductive coil;
Stationary use
within the radius of
the generated
magnetic field.
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CaptoGlove Cobra Gloves

Cynteract Forte Data Glove

ilﬂefk
- ;s..

Hand Tutor Manus Prime Manus Prime

Il Haptics

MoCap Pro

Sensorial XR

Rokoko

SensoGlove

Figure 2) The appearance of commercial VR gloves
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Diversity

The methods of force feedback implementation can
be divided into two groups: active and passive
feedback. The principle of passive feedback is that
the structural elements of the glove resist the
movements of the operator's fingers. The following
means are used: a controlled damper, a brake, or an
electromagnetic clutch. The return of the elements
to their original position is carried out by a spring.
The advantage of such systems is the simplicity of
design and safety for the user. Even in an error or
failure of control, the glove cannot harm the
operator due to the absence of active drives in it. A
disadvantage follows from its advantages - the
absence of active drives makes it impossible to
influence the operator's senses at rest. Passive
systems can generate feedback only when the
operator's fingers move. One of the options for
implementing a controlled damper 1is using
hydraulic cylinders filled with a magnetorheological
[42] fluid 3 44, which is a suspension of a fine soft
magnetic powder in silicone oil. Under the influence
of an external magnetic field, the powder particles
line up along the lines of force of the magnetic field,
blocking the cross-section of the damper and
thereby changing the viscosity of the oil. In this case,
the liquid resists the movement of the damper
piston until it stops completely. Such liquid dampers
have not found widespread use due to their low
operating speed [231.

The second implementation of the passive feedback
system is electromagnetic brakes and clutches.
Electromagnetic clutches [“51have a highly developed
force with a compact size and low weight, but at the
same time, they can demonstrate discreteness [6] of
the fixed positions. Electromagnetic brakes [#7] are
much larger and heavier than clutches, but they
operate smoothly and accurately. An interesting
option is the implementation of a passive feedback
system based on dielectric elastomers [48. The
principle of operation of such elastomers is to
change the physical dimensions of an element under
the influence of an applied electric voltage. The
actuator is a rolled sheet of dielectric elastomer with
a compressed spring inside. Under the action of an
electromagnetic field, the elastomer is elongated and
releases the spring that holds the operator's finger.
Active feedback systems are based on active drives:
electric motors, piezoelectric actuators, and
pneumatic and hydraulic systems. The advantage of
an active system is the ability to form feedback not
only in motion and resistance but also in the effort.
At the same time, the active system can work even
when the operator does not make any movements
and their fingers are at rest. Tactile feedback
transfers information to the operator about the
control object through exposure to skin receptors.
There are several basic methods for implementing
tactile feedback: vibration motors, an active single-
point joystick, and multi-point matrix actuators. The

Iranian Journal of War and Public Health

70
simplest way to implement feedback is to use
miniature vibration motors that are placed on the
fingertips of the glove. When the operator's virtual
hand interacts with any object, a control command is
generated and the vibration motor begins to vibrate,
thereby signaling the operator about contact with
the virtual object. Such systems have a simple
design, but the quality of the feedback is low and the
operator's experience of interacting with the object
is very far from reality [16].

The next option is to use active single-point joysticks
that act on the operator's fingertips. There are
several different joystick designs available:
miniature delta robot, air and hydraulic air cushion,
dielectric elastomer air cushion. The principle of
operation of single-point joysticks is based on the
three-dimensional movement of a structural
element and applying pressure to the operator's
fingertips. Such systems can convey the sensation of
touching, holding, displacing, and sliding an object.
The most common method for implementing an
active feedback system is [49] electric motors. Many
experimental and serial commercial designs
implement a system of levers and rods, with the help
of which electric motors generate feedback forces.
Less common are pneumatic and hydraulic cylinder
actuators. Such devices have high power, and are
capable of developing very high forces. Still, at the
same time, they require a complex and heavy circuit
of pumps and control valves, which makes it difficult
to implement them in a portable form .

A promising area in the construction of an active
feedback system is the use of so-called soft
actuators. Soft actuators are flexible devices, usually
made of silicone, polyurethane, or rubber, powered
by pneumatic or hydraulic pumps. Soft actuators
have the same advantages and disadvantages as
conventional pneumatic hydraulic actuators. A
feature of soft actuators is smooth operation,
ergonomics, simplicity, and low weight of the
actuator design. The glove itself does not require the
manufacture and assembly of the complex lever
system required for servomotors and other rigid
drives. The general advantage of active feedback
systems is a high speed of operation and a large
amount of generated forces, however, in the event of
a control error or failure of the controller, there is a
possibility of harm to the operator. Therefore, many
developers deliberately limit the maximum
developed drive forces [12].

Tactile feedback is the transfer of information to the
operator about the control object through exposure
to skin receptors. There are several basic methods
for implementing tactile feedback: vibration motors,
an active single-point joystick, and multi-point
matrix actuators. The simplest way to implement
feedback is to use miniature vibration motors that
are placed on the fingertips of the glove. When the
operator's virtual hand interacts with an object, a
control command is generated and the vibration

Volume 14, Issue 1, Winter 2022



71

motor begins to vibrate, thereby signaling the
operator about contact with the virtual object. Such
systems have a simple design, but the quality of the
feedback is low and the operator's experience of
interacting with the object is very far from reality.
The next option is to use active single-point joysticks
that act on the operator's fingertips. There are
several different joystick designs available:
miniature delta robot, air and hydraulic air cushion,
dielectric elastomer air cushion. The principle of
operation of single-point joysticks is based on the
three-dimensional movement of a structural
element and applying pressure to the operator's
fingertips. Such systems can convey the sensation of
touching, holding, displacing, and sliding an object
(Figure 3) 1401,

Figure 3) Active single point joystick based on a miniature delta
robot

The most complex, but at the same time providing
the tactile feedback closest to reality, is the array of
influencing elements, it is also called "tactile
display"”. Such devices represent a matrix of some
actuators that form a movable spatial picture,
similar to the Braille cipher. There are two main
methods for implementing spatial impact: direct
mechanical and electrical stimulation. In the first
case, the tactile display is a matrix of moving
elements driven by external drives, electric motors,
piezo actuators, or pneumatic-hydraulic pumps
(Figure 4) 381,

Finger clip Tactors

Vibrator

Conduits

Springs

Tendons

Figure 4) Tactile mechanical display based on electric motors

HaptX has developed a tactile display
representing an array of air cushions powered
by a pneumatic compressor through a valve
system (Figures 5 & 6) [351.
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Figure 5) Tactile display based on inflatable cushions

Figure 6) Matrix of moving elements based on piezoactuators

Volume 14, Issue 1, Winter 2022
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Tactile displays based on electric motors,
piezoelectric actuators, and pneumatic cushions
provide a high resolution and realistic operator
experience of interacting with virtual objects. The
second method of implementing distributed
exposure is direct electrical stimulation of the skin
receptors of the operator's fingers. The advantages
of  the display = implemented by  the
electrostimulation method are high resolution,
simplicity of design, compactness, and low weight.
The main disadvantage limiting the widespread use
of electro-stimulators is the instability of effects and
their dependence on pressing the operator's fingers
to the electrodes. Excessive contact can cause pain in
the receptors of the skin [22],

Advantages and disadvantages

In addition to the way force and tactile feedback are
implemented, an equally important element is the
mechanical design of the levers and rods, which
transmit the forces from the actuators to the
operator's hands. There are several basic designs,
their features, advantages, and disadvantages are
presented in Table 2 [19],

Table 2) Comparison of construction methods

Drive type Used in gloves Advantages Disadvantages

Levers Safe Glove; MR The simplicity of Large weight and

glove; Dexmo; design; ease of  size

Multi-finger management

hand

exoskeleton
Flexible @ SPIDARMF; Small volume; The need for
rods CyberGrasp; low weight, additional

MRAGES glove; flexibility elements for

Dual-cable Hand tensioning and

fixing the rod

Direct Rutgers Master The simplicity of Low pressure
drive II; Jamming design; low

Tubes; DESR; weight; high

Wolverine; efficiency

BFFD; Force

feedback data

glove
Gear HIRO III High accuracy Clutch looseness;

cumbersomeness
Hybrid RML Glove Ability to High design
option compensate for complexity
the

disadvantages of
other methods

Interest in the development of human-machine
interaction systems has been observed for more
than 30 years, i.e., the moment of mass introduction
of home personal computers [1-7. 11, 48,491 At the same
time, devices that allow using the functionality of
natural hand movements are of the greatest interest.
As a result of the study, the main technologies used
to implement various functionalities of the virtual
reality glove were identified: measuring hand
positions and feedback generation. However, it is
possible to assess the current state as not mature
enough for mass use due to the high cost of devices
for end-users, among which the most promising for

Iranian Journal of War and Public Health

72
the mass market are gloves with only limited
functionality, both in terms of the number of degrees
of freedom and the presence of only tactile feedback
(25, 28], The most promising applications are medical
rehabilitation (in particular, restoring motor skills in
patients after a stroke) and gaming (2101,

The development of the glove design will be
implemented using a kinematic scheme based on the
kinematics of the human hand, considering the
aesthetic and ergonomic requirements. As a sensor
system, it is planned to use digital Hall sensors with
a capacity of up to 14 bits, high speed, and at the
same time, small dimensions, allowing them to be
installed directly inside the swivel joints. To
implement the subsystem of tactile influences, an
analytical study of the methods of safe impact on the
user's skin will be carried out [z 34, with the
determination of the permissible load ranges in
terms of force and frequency to determine the
optimal composition of the means for the generation
of tactile influences. The main advantages of the
planned development:

1. Ability to digitize up to 16 finger joints. As a rule,
similar products are initially focused on performing
the simplest actions in virtual reality, for which 6
finger positions are enough (2 sensors are used for
the thumb). At the same time, the kinematic diagram
of the human hand has 22 degrees of mobility. The
developed glove is focused not only on interacting
with objects in virtual reality but also on the remote
control of anthropomorphic manipulators.

2. Tactile and force feedback. Inexpensive gloves use
vibration motors as tactile feedback in the area of
the fingertips [18. This is a fairly effective approach
for transmitting information about the tangency of
an object, but it does not fully provide an
opportunity to determine the stiffness and mass of
an object (18 33l The developed glove uses a
combined approach using actuators that provide
flexible control (resistance to movement) of the
glove links.

3. Reasonable cost, a benchmark for the mass
market. Despite the rapid growth of virtual reality
technologies, experiencing a rebirth, private home
use of hand motion capture devices is still limited to
ineffective optical tracking devices, due to the high
cost of special gloves [22 241, One of the drawbacks of
optical tracking is the effect of shading [20-22 27],
when, at certain orientations of the hand relative to
the video camera, the fingers overlap each other, as
a result of which the grip breaks and the tracking
reliability suffers. In turn, virtual reality gloves with
high-quality tracking of individual phalanges and
feedback are still a niche product and are focused on
specialized professional use - motion capture in film
and animation production. The growth driver of
capture devices is the balance of cost and
functionality with a focus on the mass market of
private users.
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Conclusion

The scientific and technical groundwork planned to
be obtained as a result of the project would allow
creating of the so-called "end-to-end" technology,
influencing several priorities of the Strategy of
Scientific and Technological Development of the
Russian Federation: 1) transition to advanced
digital, intelligent production technologies, robotic
systems, new materials and design methods,
creation of systems for processing large amounts of
data, machine learning and artificial intelligence; 2)
transition to personalized medicine, high-tech
healthcare and health-preserving technologies,
including through the rational use of drugs.
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