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Abstract:

In recent decades, the use of electromagnetic actuators and haptic sensors has increased widely. An electromagnetic
actuator is a machine that produces mechanical force or motion using electromagnetic fields. Electrical energy is
transformed into mechanical motion or force by electromagnetic actuators. Haptic feedback, a sort of sensory feedback,
which is commonly referred to as tactile feedback, uses touch or other physical sensations to provide information or
indications to a user. It is frequently employed in human-computer interfaces where it can give users a more engaging and
interactive experience. There are many different techniques to transmit haptic input, including vibrations, pressure,
temperature changes, and changes in texture. Devices and systems can benefit from haptic feedback to improve their
usability, functionality, and security. This study intends to show the creation of an electromagnetic actuator that offers
haptic feedback in applications for virtual reality. The actuator is made to replicate the touch and give users of virtual
environments a more realistic experience. The design procedure, including the choice of materials and the creation of the
actuator, is described in the paper. The performance of the actuator is assessed based on its power consumption, frequency
response, and force and displacement capabilities. The findings indicate that the actuator can produce accurate haptic
feedback in reaction to virtual events, making virtual reality applications more immersive and lifelike. As it provides a
more logical and natural interface that can improve the user's immersion and involvement in virtual settings, this research
has significant implications for the field of virtual reality.
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1. INTRODUCTION feedback to the user through a haptic device such as a

glove or controller.
Virtual reality (VR) is an immersive technology that

provides users with a simulated environment that feels Together, electromagnetic actuators and haptic sensors

realistic. One of the challenges of VR is to create a more can create a more immersive and realistic sensory

realistic sensory experience. Electromagnetic actuators experience in VR applications. They can be used to

and haptic sensors are two technologies that can be used create a more realistic sense of touch, pressure, and

to enhance the sensory experience in VR applications. motion. This can improve the user's sense of presence in
the virtual environment and make the experience more

Electromagnetic actuators are devices that use engaging and enjoyable.

electromagnets to create motion. They can be used to

create force feedback in VR applications. Force feedback 2. OVERVIEW OF ELECTROMAGNETIC

is a type of haptic feedback that provides the user with ACTUATORS AND HAPTIC SENSOR

the sensation of touch, pressure, or resistance. For

example, a user can feel the recoil of a gun or the impact Virtual reality (VR) applications rely heavily on the use

of a collision in a game. Electromagnetic actuators can of electromagnetic actuators and haptic sensors to create

also be used to create motion in haptic devices such as a more immersive and realistic sensory experience.

gloves or controllers. Electromagnetic actuators utilize electromagnets to
create motion, making them ideal for creating force

Haptic sensors are devices that detect and measure feedback in VR applications. This force feedback

physical sensations such as touch, pressure, or vibration. provides users with a tactile sensation of touch, pressure,

They can be used to provide feedback to the user in VR or resistance, making the VR experience more engaging

applications. For example, a haptic sensor can detect the and realistic.

position and movement of a user's hand and provide
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Haptic sensors, on the other hand, are designed to detect
and measure physical sensations such as touch, pressure,
or vibration. They work by using pressure sensors,
accelerometers, and gyroscopes to detect and measure
physical sensations, which can then be used to create a
haptic response. This response provides the user with a
tactile sensation, creating a more immersive and
engaging VR experience.

When used together, electromagnetic actuators and
haptic sensors can create a more realistic and interactive
VR experience. For example, haptic sensors can detect
the position and movement of a user's hand, and
electromagnetic actuators can create a force feedback
response, providing the user with a more realistic sense
of touch and motion. This combination of technologies
is essential for creating a more immersive VR experience
that is engaging and enjoyable for users.

The use of electromagnetic actuators and haptic sensors
is not limited to gaming and entertainment applications.
In the medical industry, VR technology is used to train
medical professionals, and electromagnetic actuators and
haptic sensors are essential in creating a realistic
simulation of surgical procedures. Similarly, in the
automotive industry, designers and engineers use VR to
test and refine vehicle designs, and haptic sensors can be
used to create a more realistic user experience.

Overall, the use of electromagnetic actuators and haptic
sensors is critical in enhancing the sensory experience in
VR applications. The technology has a wide range of
applications, from gaming and entertainment to medical
training and product design. As VR technology continues
to evolve, the use of these technologies is expected to
become even more critical in creating a more realistic
and immersive VR experience.

3. REAL-TIME APPLICATION

Electromagnetic actuators and haptic sensors have been
used in various real-time applications to demonstrate
their effectiveness in enhancing the sensory experience
in VR applications technology can create a fully
immersive experience by simulating visual, auditory, and
even tactile sensations. Here are a few examples:

Gaming and Entertainment:

In the gaming industry, electromagnetic actuators and
haptic sensors are commonly used to create a more
immersive and realistic gaming experience. One such
example is the use of haptic feedback in VR racing
games. Haptic sensors can detect the motion of a user's
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hands on the controller, and electromagnetic actuators
can provide force feedback in response to the user's
actions, creating a more realistic sensation of
acceleration, braking, and collision.

Medical Training:

In the medical industry, VR technology is used to train
medical professionals. Electromagnetic actuators and
haptic sensors are essential in creating a realistic
simulation of surgical procedures. For example, a
surgical simulator may use haptic sensors to detect the
position and movement of surgical instruments, and
electromagnetic actuators can provide force feedback to
simulate the sensation of cutting through tissue.

Product Design:

In the automotive industry, designers and engineers use
VR to test and refine vehicle designs. Haptic sensors can
be used to create a more realistic user experience by
providing force feedback to simulate the sensation of
driving. For example, a VR simulator can use haptic
sensors to detect the position and movement of the user's
hands on the steering wheel, and electromagnetic
actuators can provide force feedback in response to the
user's actions, creating a more realistic sensation of
driving.

These examples demonstrate the effectiveness of
electromagnetic actuators and haptic sensors in
enhancing the sensory experience in VR applications.
They provide a more realistic and immersive user
experience, which can lead to increased engagement and
enjoyment of the virtual environment.

4. STUDY ON PREVIOUS TECHNOLOGIES

Here are some studies and research papers on
electromagnetic actuators and haptic sensors in virtual
reality applications:

The ferrofluid-encapsulating electromagnetic actuator
[1] designs presented here are compact and capable of
producing sustained forces up to 3 N and transient forces
exceeding 12 N, making them suitable for providing a
varied range of haptic stimuli for skin. These are also
suitable for integration into handheld interfaces,
instruments, and wearable devices.

Electromechanical actuators for haptic feedback
applications which is mentioned in the study [2] have
different performance properties, strengths, and
weaknesses. Electrostatic actuators have low power
consumption and fast response speed, while piezoelectric

www.jaeronline.com



Namya Musthafa et al., / Journal of Advanced Engineering Research, 2023, 10 (1), 15-18

and electro strictive actuators have lower piezoelectric
coefficients and requirements for high driving voltage.
Midair tactile display technology is expected to improve
ultrasonic range and tactile perception.

Where as study [3] indicates Heavy vest-borne loading
significantly reduces soldiers' performance and puts
them under increasing physiological pressure. A
noninvasive indication of relative work intensity during
military load carrying that is a stronger predictor of job
failure than respiratory rate or oxygen intake is heart rate,
expressed relative to its physiological maximum.

The research paper [4] claims to have developed a
versatile ultrasoft electromagnetic actuator with self-
sensing capability. It has a long stroke length and strain-
independent contraction force characteristics, and can be
integrated with living systems. Strain-sensing foams
based on CNF and PEDOT:PSS are used to readout the
actuator strain under cyclic operation. This concept is
attractive for soft actuator technologies in soft robotics.

The use of multiple coils and magnets in electromagnetic
actuators discussed in paper [5] has improved
performance, and a new ultrasoft actuator with self-
sensing capability has been developed with soft
interconnects and strain-sensing foams.

4. PERFORMANCE EVALUATION

When evaluating the performance of an electromagnetic
actuator in virtual reality applications, several factors are
considered.

Firstly, the actuator's power consumption is taken into
account. Low power consumption is desirable, as it
makes the actuator suitable for use in battery-powered
virtual reality systems, which are becoming increasingly
popular. In addition, low power consumption can help to
reduce heat and noise generated by the actuator, which
can improve the user's experience.

Another important factor is the actuator's frequency
response. A high-frequency response is desirable, as it
allows the actuator to produce a wide range of vibrations
and sensations. Different frequency responses can be
used to create various touch sensations, such as
roughness, smoothness, and texture. The actuator's
frequency response can be optimized by adjusting its
mechanical and electrical properties.

The force and displacement capabilities of the actuator
are also crucial. The actuator should be able to replicate
a variety of touch sensations, such as pressure, texture,
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and temperature changes, with high accuracy. The force
and displacement capabilities of the actuator can be
optimized by adjusting the coil geometry, magnetic field
strength, and other mechanical properties.

Finally, the actuator's ability to produce accurate haptic
feedback in reaction to virtual events is evaluated. The
actuator should be able to provide the user with a realistic
sense of touch, pressure, and motion, which can enhance
the wuser's immersion and involvement in virtual
environments. Overall, the performance of an
electromagnetic actuator in virtual reality applications is
critical to creating a more immersive and engaging
virtual reality experience.

5. PROPOSED METHODOLOGY

A haptic actuator is a device that creates a physical
feedback response to a user in a haptic system. It
typically consists of a motor that drives an eccentric
weight to create vibrations that can be felt by the user.
The frequency of these vibrations determines the type of
haptic sensation created.

Frequency is an essential factor in haptic actuation
because it is directly related to the type of sensation
produced. Low-frequency vibrations are typically used
to simulate deep pressure, while high-frequency
vibrations can simulate a light touch or texture. The
range of frequencies used in haptic actuators depends on
the intended application and the types of sensations to be
simulated.

Other factors used in haptic actuators include force,
displacement, and response time. Force and
displacement determine the strength and accuracy of the
haptic feedback response, while response time measures
how quickly the actuator can react to changes in the
virtual environment.

Inputs in a haptic system can include data from sensors
such as cameras, accelerometers, and gyroscopes that
detect the user's movements and position. This data is
then processed and used to control the haptic actuators.
Outputs in a haptic system include the physical feedback
response provided by the actuators, which can be felt by
the user. The overall goal of a haptic system is to create
a seamless and intuitive interface between the user and
the virtual environment, using physical feedback to
enhance the user's experience.

5. CONCLUSION

In conclusion, electromagnetic actuators and haptic
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sensors play a crucial role in enhancing the immersive
and realistic sensory experience in virtual reality
applications. The combination of these technologies
allows users to experience force feedback and physical
sensations, such as touch and pressure, in the virtual
environment, improving the overall sense of presence.
With continuous improvement and advancements in
technology, electromagnetic actuators and haptic sensors
are expected to become more prevalent in VR
applications, providing users with an even more realistic
and engaging sensory experience. As a result, the future
of VR applications will depend largely on the ability of
these technologies to provide users with a seamless and
immersive experience.
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