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Abstract

Human Machine Interaction (HMI)
is the study of the interaction between
humans and machines, and how these
interactions can be optimized to create
more intuitive, efficient, and effective
interfaces. HMI encompasses a wide range
of technologies and disciplines, including
computer science, engineering,
psychology, and design.

At its core, HMI is concerned with
creating interfaces that allow humans to
interact with machines in a way that is
natural and intuitive, using modalities
such as touch screens, voice recognition,
augmented reality, virtual reality, AI/ML.
The goal of HMI is to make machines
more accessible and usable for humans,
while also improving the performance and
functionality of the machines themselves.

HMI is an area of rapid innovation
and development, with new technologies
and techniques being developed all the
time. Some of the key trends in HMI
include the use of natural language
processing, wearable and loT, emotion
recognition, brain-computer interfaces,
and explainable Al.

The applications of HMI are wide-
ranging, encompassing everything from
consumer electronics such as smart
phones and tablets to industrial
automation systems and medical devices.
By creating more intuitive and effective
interfaces between humans and machines,
HMI has the potential to revolutionize the
way we interact with technology and the
world around us.

Keywords: HMI, Machine learning,
emotion recognition, Natural language
processing and wearable and loT,
brain-computer interface.
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I. INTRODUCTION
1. What is HMI?

Human-machine interaction is the study of interactions between humans and
automated systems. HMI is now widely used in business and daily life as more and more
connected devices perform tasks automatically. Therefore, for these machines to operate
efficiently, an intuitive user interface is required. That can appear in a variety of ways[1].

2. Difference between HMI and HCI

HMI and HCI(Human Computer Interface) share some similarities in terms of their
focus on human-computer interaction, but they differ significantly in their scope, goals, and
technologies. HMI is focused on optimizing performance and efficiency in industrial and
commercial settings, while HCI is primarily focused on enhancing usability and user
satisfaction in personal computing and other applications. The comparison between HMI and
HCI is shown in the table below[1]-

Table 1: HMI vs HCI

types of machines such as robots,
industrial equipment, and vehicles

Criteria Human Machine Interface (HMI) Human Computer Interface(HCI)
Focus Interaction between humans and Interaction between humans and
machines computers
Scope Broad, includes interactions with various | Narrow, focused primarily on

interactions with personal computers,
laptops, and mobile devices

Technologies

Typically involves specialized hardware
and software for machine control and
monitoring, such as sensors, actuators,
and real-time data processing

Primarily uses general-purpose hardware
and software, such as personal
computers, mobile devices, and web
browsers

Applications

Used in industries such as manufacturing,
transportation, and energy, as well as in
home automation and other settings

Used primarily in personal computing,
entertainment, and communication
applications

User Interfaces

May include specialized interfaces such
as touch screens, physical controls, and
voice recognition systems

Primarily uses visual interfaces such as
windows, menus, and icons

Challenges

Requires specialized knowledge of
machine control and monitoring, and
may involve complex system integration
challenges

Primarily involves challenges related to
software design, user interface design,
and usability testing

Il. CHARACTERISTICS OF HMI

Human Machine Interaction (HMI) has various characteristics that are crucial for
creating effective and intuitive interfaces between humans and machines. Here are some of
the key characteristics of HMI[4]:
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Table 2: Characteristics of HMI

Characteristics Description

The design of the interface is focused on the needs, preferences, and
User-centered abilities of the user. The interface should be easy to use and understand,
and should minimize the cognitive load on the user.

HMI interfaces often incorporate multiple modalities, such as touch,
Multiple Modalities | voice, and gesture, to provide a more natural and intuitive user

experience.
Feedback and HMI interfaces provide feedback and response to the user, so that they
Response can see the results of their actions and adjust their behavior accordingly.

HMI interfaces should be context-aware, meaning that they are able to

Context awareness adapt to the user's environment and situation.

HMI interfaces can be personalized to the individual user, so that the

Personalization . L .
interface is tailored to their preferences and needs.

HMI interfaces in safety-critical applications, such as industrial
Safety automation or medical devices, must be designed to ensure safe and
reliable operation.

HMI interfaces must be scalable to handle large and complex systems,

Scalability and should be able to adapt to changing needs and requirements over
time.
. HMI interfaces must be able to integrate with other systems and devices,
Integration - . .o
both within and outside the organization.
Security HMI interfaces must be designed with security in mind, to protect against

unauthorized access and malicious attacks.

Overall, the features of HMI are designed to create interfaces that are more natural,
intuitive, and effective for humans, while also improving the functionality and performance
of the machines themselves. By incorporating principles of user-centered design, multiple
modalities, feedback and response, context awareness, and personalization, HMI interfaces
can create a more seamless and integrated interface between humans and machines.

111.ADVANTAGES OF HMI

Below are key advantages of human-machine interface in various industrial
applications[5,13]:
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Figure 1: Advantages of HMI

1. Higher Worker Satisfaction: It has been demonstrated that using HM!Is can significantly
increase employee satisfaction in a given industry. Employees are observed to be more
content when completing tasks that call for the use of HMIs than when they do not.
Online shoppers are more satisfied when using touch screens instead of conventional
monitors, according to some research.

2. Operation Control Becomes More Flexible: One can modify the interface using HMI
technology to meet particular needs or preferences. In order to track, monitor, and support
various systems, HMI systems are helpful. Although it takes a few steps to operate either
of the systems, the technology is effective for both simple and complex systems. While a
single employee can operate multiple screens at once, it is nearly impossible to operate
multiple machines at once. Making the HMI more unique facilitates the execution of
various production steps and, as a result, boosts output. You can easily remote control
particular operations when you use HMI technology in your sector. By doing this, you
can easily track information for various processes. However, this technology makes it
simpler to manage operations as a result of a worker

3. User-Friendliness: Although using Human Machine Interface technology has a many
benefits, user friendliness is the most alluring. This is due to the fact that they feature
basic graphical user interfaces that facilitate identification and problem-solving through
instantaneous recognition and automatic color coding. The use of a human interface
eliminates the need for some tools, which call for moving around to check different
processes. You will be able to control various machines or devices in the industrial setup
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from one location using a single HMI. This makes carrying it simpler and more
affordable.

4. Enhance data saving and recording: You must connect Human-Machine Interface to
Programmable Logic Controllers for real-time data extraction in order to use it
effectively. Data is available through this connection even when the HMI system is not
active. It reduces the possibility that you will lose your data if your connection is lost.
Even with poor internet connectivity, an HMI continues to function without data loss.
When you update your software, your data won't be lost. Some cutting-edge HMIs can
store unprocessed data for up to ten years with easy access. Due to easy and quick access
to data, all processes in industries that have implemented Human-Machine Interface
systems are successful.

5. Higher Productivity: Although there are countless advantages to using HMI systems, we
cannot ignore the fact that output rises. Even though humans are capable of performing
the majority of the tasks involved in this technology, manual processes typically take
longer and are less efficient. Human-Machine Interfaces increase productivity by
increasing efficiency across a range of production processes. You can expect high profits
if your productivity is more efficient and your marketing is successful.

6. Cost Saving: By streamlining procedures, cutting waste, and increasing effectiveness,
HMI systems can aid in cost reduction. HMI systems can support the identification of
opportunities for cost savings and process improvements by providing real-time feedback
on process variables.

Increased Accuracy: HMI systems can help increase the accuracy of industrial processes
by providing real-time monitoring and control. By reducing the risk of human error, HMI
systems can improve quality and consistency.

IV. APPLICATIONS OF HMI

1. HMI systems have a wide range of applications in industry, and are used in many
different types of industrial processes. Some common applications of HMI in industry
include[13,14,19]:

2. Process control: HMI systems are used to monitor and control industrial processes
such as manufacturing, chemical production, and energy generation. HMI systems can
provide real-time feedback on process variables such as temperature, pressure, and
flow rate, and can be used to adjust process parameters to optimize performance.

3. Machine control: HMI systems are used to control machines such as robots, conveyor
belts, and assembly lines. HMI systems can be used to set parameters such as speed
and direction, and can monitor machine performance in real-time.

4. ‘Quality control: HMI systems are used to monitor and control quality in industrial
processes. HMI systems can be used to detect defects, monitor product quality, and
adjust process parameters to ensure consistent quality.
Safety: HMI systems are used to monitor and control safety in industrial processes.
HMI systems can be used to detect and respond to safety hazards, and can be used to
shut down processes in the event of an emergency.
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5. Maintenance: HMI systems are used to monitor and control maintenance in industrial
processes. HMI systems can be used to detect and diagnose equipment problems,
schedule maintenance tasks, and track maintenance history.

Overall, HMI systems are essential tools for optimizing industrial processes,
improving safety, and ensuring consistent quality. HMI systems are used in many different
industries, including manufacturing, chemical production, energy generation, and
transportation.

V. ARCHITECTURE OF HMI

The architecture of HMI can vary depending on the application and the technology
involved. However, in general, HMI architecture includes the following components[18]:

User Interface: The user interface is the part of the system that enables communication
between the human and the machine. This can include displays, touch screens, voice
recognition systems, and other input/output devices.

Application Software: The application software is the software that drives the functionality
of the HMI system. This software can range from simple applications that control a single
device to complex systems that control multiple devices and integrate with other software
systems.

Middleware: Middleware is the software that connects the application software to the
hardware and other components of the HMI system. Middleware can provide communication
services, security, and other critical functions.

Hardware/Machine: The hardware components of an HMI system can include sensors,
actuators, control systems, and other devices that enable communication and control.

Communication Protocols: Communication protocols are the standards and rules that enable
communication between different components of the HMI system. This can include standards
such as Ethernet, USB, and Bluetooth.

Data Management: Data management involves the collection, storage, processing, and

analysis of data generated by the HMI system. This can include data about user behavior,
system performance, and other metrics that can be used to optimize the system.
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Overall, the architecture of HMI systems is designed to enable seamless and efficient
communication between humans and machines, while ensuring safety, reliability, and ease of
use.

VI. TECHNOLOGIES CURRENTLY USED IN HMI

Human Machine Interface (HMI) technologies have advanced rapidly in recent years, with a
wide range of new technologies being used to create more sophisticated and intuitive
interfaces between humans and machines. Some of the key technologies currently used in
HMI include:

Touch screens: Touch screens are widely used in HMI systems, particularly in consumer
electronics such as smart phones and tablets. They provide an intuitive interface that allows
users to interact directly with graphical elements on the screen.

Voice Recognition: Voice recognition technology allows machines to recognize and interpret
human speech, enabling users to interact with devices and systems using their voice. Voice
recognition can be used in Human Machine Interaction (HMI) to provide a more natural and
intuitive way for users to interact with machines. Here are some of the key uses of voice
recognition in HMI[7,8]:

Virtual Assistants: Voice recognition can be used to create virtual assistants that can
perform tasks, answer questions, and provide information to users. Virtual assistants such as
Siri, Google Assistant, and Amazon Alexa are examples of this technology.

Home Automation: Voice recognition can be used to control home automation systems,
such as lighting, heating, and security. Users can simply use their voice to turn on/off lights,
adjust the temperature, or lock the doors.

Automotive Systems: Voice recognition can be used in automotive systems, allowing drivers
to control various functions such as music, navigation, and climate control using their voice.
This can improve safety by allowing drivers to keep their hands on the wheel and their eyes
on the road. Healthcare: Voice recognition can be used in healthcare to improve patient care
and productivity. For example, doctors and nurses can use voice recognition to input patient
data, access medical records, and create medical notes.
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Customer Service: Voice recognition can be used in customer service, providing users with
a more natural and efficient way to interact with customer service agents. Users can use their
voice to ask questions, make requests, and provide feedback.

Overall, voice recognition can provide a more natural and intuitive way for users to interact
with machines, improving efficiency, safety, and productivity. By recognizing and
interpreting human speech, voice recognition can create new opportunities for Human
Machine Interaction that are more intuitive, efficient, and effective.

Gestural Control: Gestural control allows users to interact with machines using hand
gestures, body movements, or other physical cues. This technology is particularly useful in
situations where hands-free operation is required.

Augmented Reality: Augmented Reality (AR) is a technology that overlays digital content
onto the real world, creating a blended reality that enhances the user's experience. AR can be
used in Human Machine Interaction (HMI) to provide users with contextual information,
enhance learning, and improve productivity. Here are some of the key uses of AR in
HMI[9,10]:

Maintenance and Repair: AR can be used for maintenance and repair purposes, providing
technicians with visual guidance and instructions overlaid onto the real world. For example,
AR can be used to guide a technician through a complex repair procedure or to provide real-
time information about the status of a machine.

Training and Education: AR can be used for training and education purposes, providing
learners with an interactive and immersive experience that enhances their understanding of a
topic. For example, AR can be used to visualize complex concepts in science or engineering
or to provide interactive learning experiences for students.

Retail and Marketing: AR can be used in retail and marketing, providing customers with an
interactive and engaging experience that enhances their shopping experience. For example,
AR can be used to visualize products in a real-world environment or to provide product
information and reviews.

Navigation and Way Finding: AR can be used for navigation and wayfinding purposes,
providing users with contextual information about their environment. For example, AR can
be used to provide directions and information about landmarks or to overlay real-time
information about traffic or weather.

Entertainment: AR can be used for entertainment purposes, such as gaming, virtual tours,
and interactive experiences.

Overall, AR can provide users with contextual information and enhance their experience of
the real world, improving productivity, learning, and entertainment. By overlaying digital
content onto the real world, AR can create new opportunities for Human Machine Interaction
that are more intuitive, engaging, and effective.
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Virtual Reality: Virtual Reality (VR) is a technology that enables users to interact with a
simulated environment that is created by a computer. VR can be used in Human Machine
Interaction (HMI) to provide a more immersive and realistic experience for the user. Here are
some of the key uses of VR in HMI:

Training: VR can be used for training purposes, allowing users to practice complex tasks in
a simulated environment that is safe and controlled. For example, VR can be used to train
pilots, surgeons, and industrial workers.

Design and Prototyping: VR can be used for design and prototyping purposes, allowing
designers and engineers to visualize and interact with a product before it is built. This can
help improve the design process and reduce the time and cost of development.

Visualization: VR can be used for data visualization, allowing users to explore and interact
with complex data sets in a more intuitive and immersive way. For example, VR can be used
to visualize medical images or architectural designs.

Collaboration: VR can be used for collaborative work, allowing users to work together in a
shared virtual space. This can be useful for remote teams or for situations where physical
distance is a barrier.

Entertainment: VR can be used for entertainment purposes, such as gaming, virtual tours,
and immersive experiences.

Overall, VR can provide a more immersive and realistic experience for the user, allowing for
more effective and engaging Human Machine Interaction. By simulating complex tasks and
environments, VR can improve training, design, and visualization, while also providing new
opportunities for collaboration and entertainment.

Machine learning and Al: Machine Learning (ML) and Artificial Intelligence (Al) play a
crucial role in Human Machine Interaction (HMI), by enabling machines to learn from user
behavior and adapt to user needs and preferences. Here are some of the key uses of ML and
Al in HMI:

Natural Language Processing (NLP): NLP is a field of Al that deals with the interaction
between machines and humans using natural language. NLP enables machines to understand
and respond to human language, and is used in applications such as voice assistants and
chatbots.

Predictive Analytics: ML algorithms can be used to analyze user behavior and predict user
needs and preferences. This can be used to personalize the interface, making it more intuitive
and effective for the user.

Gesture Recognition: ML algorithms can be used to recognize and interpret gestures made

by the user, allowing for more natural and intuitive interaction with the machine. Gesture
recognition is used in applications such as gaming, virtual reality, and augmented reality.
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Facial Recognition: ML algorithms can be used to recognize and interpret facial
expressions, allowing machines to detect and respond to human emotions. Facial recognition
is used in applications such as video conferencing, customer service, and marketing.

Recommender Systems: ML algorithms can be used to analyze user behavior and
recommend products or services based on the user's preferences and needs. Recommender
systems are used in applications such as e-commerce, social media, and streaming services.

Predictive Maintenance: ML algorithms can be used to analyze sensor data from machines
and predict when maintenance is required. This can help prevent downtime and improve the
reliability and performance of the machine.

Overall, ML and Al are essential for creating more intuitive and effective HMI interfaces that
adapt to user needs and preferences. By analyzing user behaviour and predicting user needs,
machines can provide a more personalized and seamless user experience, leading to increased
user satisfaction and productivity.

VIl. HMI EXAMPLES IN INDUSTRY

Human-machine interface is becoming a requirement with the development of
industrial automation systems. Below are a few HMI examples[13,14,19]:

Robotics systems: A terminal that the human operator uses to control, monitors, and gather
data from a robotics system can also be used to program the system. An arm stick, pendant
console, spin button, or computer screen can serve as this type of human-machine interface.

Automotive vehicles: A seamless, secure, practical, and informative connection between the
vehicle and its occupants is made possible by HMI.

Healthcare Industry

HMI can work wonders in the fields of medicine and healthcare as well. The human
brain and other vital organs can be studied psychologically using artificial intelligence at this
level. In fact, with the aid of intelligent Human Machine Interface (HMI) systems, adaptation
theories and techniques can be studied in great detail. The HMI remedy consists of:

o Interface with Medical device

e Controlling of Critical equipment

e Membrane keypads for medical equipment and infrastructure

e Fully sealed panels

Military and Aerospace

In the military and aerospace fields, where technologies like digital mapping, cross-
domain guard data security systems, and deployed systems for aerospace and defense
applications are used, human machine interface (HMI) plays a critical role. Through these
technologies, the technical procedures and machines used to serve the desired officials are
better understood.

Copyright © 2023 Authors Page | 43



Machine Learning: An Art of Computer Thinking
e-ISBN: 978-93-6252-429-4

1P series

HUMAN MACHINE INTERACTION

Aviation Industry

Passenger control units (PCUs) for controlling seat position, entertainment systems,
gallery control panels, and other features like Multi-color backlighting, Call buttons, and
much more are typical custom designed solutions for the demanding aviator sectors.

Rail Industry

Today's HMI design and integration skills satisfy the exacting standards of the rail
industry, cutting down on costs and time to market. The following are examples of reliable
and durable HMI solutions for the rail sector:

e Driver cab panels

o Passenger seat controls

e Access control (door opening)

o Ticket machines

o Emergency call panels, and much more

Human machine interfaces example —Broadcast

For use with broadcast, audio, and communications equipment, intelligent HMI
solutions require blemish-free printing in a dust-free environment and highly detailed
graphics with rear illumination. HMI remedy consists of:

o Broadcast displays

e Audio and mixing equipment

o Professional Hi-Fi

« Lighting contro

Access Control

Access control control panel designs with thin film graphic membranes and capacitive
switching provide vandal resistance solutions. Panels can be completely customized, ordered
with or without illumination, and integrated with other systems and devices like card readers
and LCD displays. HMI access control solutions include the following:

e Turnstile controls

e Door entry panels

o Card readers

VIII.USE CASE: USING A VISUAL-CONTEXT AUGMENTED DIALOGUE
SYSTEM TO ENABLE HARMONIOUS HUMAN-MACHINE INTERACTION

The intelligent conversation system is great for advancing human-machine connection
in the age of artificial intelligence since it aims to communicate with people in harmony with
natural language. It is challenging for traditional text-based conversation systems to match
the needs for more engaging and practical interaction due to the human-computer interface
requirements becoming ever more complicated (e.g., multimodal inputs, time sensitivity). As
a result, the Visual-Context Augmented discussion System (VAD), which has the ability to
interact with people by recognising and comprehending multimodal information (such as the

Copyright © 2023 Authors Page | 44



Machine Learning: An Art of Computer Thinking
e-ISBN: 978-93-6252-429-4

1P series

HUMAN MACHINE INTERACTION

visual context in photos or videos or the textual history of discussion), has emerged as the
main research paradigm. VAD has the ability to provide engaging and contextually aware
reactions because of the consistency and complementarily between visual and textual context.
The principles and distinctive characteristics of VAD are first described, and then its general
system architecture is shown to show the system workflow. The deep investigation of a
number of research issues and exemplary works is then followed by a review of reliable
benchmarks. In our conclusion, we discuss several unresolved challenges and intriguing
research directions for VAD, such as knowledge-enhanced cross-modal semantic interaction
and the cognitive processes of human-machine discourse in a cross-modal dialogue
setting[18][19].

The dialogue system, commonly referred to as a chatbot, is an example of how people
and machines may communicate. It can carry out certain activities (such purchasing movie
tickets or controlling smart devices) and converse with people in natural language. Artificial
intelligence (Al) has long aimed to create intelligent conversation systems that can speak to
people in a natural and interesting way. The creation of extensive natural language processing
(NLP) models and the accumulation of high-quality conversational data have accelerated the
development of dialogue systems. EXxisting dialogue systems have the capacity to provide
coherent, logical, even personalised, and educational conversational answers, which offer
users a variety of useful interactive services. For instance, well-known intelligent assistants
like Apple Siril and Microsoft Cortana2 can help us operate smart phones and computers
hands-free, and open-domain chatbots like Microsoft Xiaolce3 can converse with people
about any subject and develop into close virtual friends for users[20][21].

We as humans will learn things from cross-media data, such text, picture, video, and
audio. Additionally, human-to-human communication is inherently multimodal, allowing us
to express our emotions, moods, attitudes, and awareness of our surroundings through text,
audio, and visual scenes. Therefore, for systems of natural and harmonious human-machine
interaction, perception and understanding of multimodal context information is crucial.
People expect robots to not only gather single-model knowledge but also autonomously
accomplish tasks by incorporating multimodal context information as ubiquitous perception
skills supplied by different intelligent mobile devices develop[22,23].

Image-text retrieval, visual question answering, and multimodal machine translation
are just a few examples of recent research combining language and visual information from
their original independent fields that have attracted a lot of attention. These challenges call
for intelligent systems to integrate their processes, comprehend contextual information in
both text and visual situations, and realise cross-model reasoning. One of the most
fundamental tasks in vision-language research is the Visual-Context Augmented Dialogue
System (VAD), which can perceive and comprehend context information from various
modalities in users' surrounding environments (for example, visual and audio context in
images or videos, textual context in dialogue history and queries) to realise harmonious
human-machine interaction.

By interpreting the visual background information from static images or dynamic
videos in addition to keeping track of the textual historical dialogue context, VAD may create
plausible replies to questions from people as opposed to standard text-based dialogue
systems. VAD is able to be fully aware of the interaction expectations of users by interpreting
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the surrounding context through intuitive visual information, leading to the generation of
more relevant and interesting replies. Figure 1 compares the use of conventional text-based
conversation systems (i.e., D1) and VADs (i.e., D2 and D3). In terms of input sources, the
former can only process textual language information (for example, the pure text input in 1),
whereas VAD requires additional inputs such as image or video frames to perceive visual
information like humans (for example, the image of a young girl leading a horse in 2, or the
video of a man moving in the kitchen in 3). In order for VAD to comprehend the semantic
interactions between visual context and textual language information, cross-modal fusion and
reasoning modules are also necessary. Text-based conversation systems are ineffective
without visual information as a foundation more likely to produce an accurate yet fluid
response (by omitting some crucial background information)[24][25].

The dialogue agent in dialogue example 1 only responds to visually relevant requests
with meaningless affirmative statements, which will significantly decrease consumers'
interest for interaction. When used in conjunction with visual situations, VAD has the ability
to generate interesting reactions that improve the interaction experience. VAD may also
record dynamic motion sequences to depict changes in the actual environment (such as the
man's movement flow in image 3).

Text-based dialogue system

A A A
D INPUT: Textual information O O O Response
o T = O O O B R1: I think you can
Q1: I want to ride this horse in front i ERETSS 2
O O O\ a — = R2: Yes, | think so too
Q2: But this horse seems to have an owner, —» n -
% it O O‘ = R3: This man should agree to let you
Q3: I'l go ask about it ek
¢ Language Encoder have the horse
- 4
4 )
D, INPUT: Image + Textual information O O O_ Response
- o |
Q1: I want to ride this horse in front O O O R1: It looks like the horse has an owner now.
o O

Q2: I'l talk to her about it el 8 8’ R2: I'm afraid this little girl won't agree to

( let you ride her horse,
h O OlL M : :
> g R3: Yes, the left seems to be her father.
8
e
)
-

Sl Q3: Are her parents around?

Languagc Encoder ||
0000

|
INPUT: Video + Textual information - \ O O O

[ >
. | . ) Q00 . Response
QI: He seems to be cooking ] R /
Q2 Looking for something in o N O T R1: No, he's just looking for something,
the kitchen? . O‘ Cross-modal ':“5i0" R2: He searches the kitchen cabinets,
) ‘ —bi | Q and reasoning
Q3: 1 think so, he seats there a ‘ probably hungry
bit distressed looking. z . R3: Probably waiting for mom's dinner
Visual Encoder : =
Qf'isual-Contcxt Augmented Dialogue System v,

Figure 3: Comparison and examples of traditional text-based dialogue system D1 and VAD
(including image based dialogue system D2 and video-based dialogue system D3) from the
perspective of input source and feature interaction.
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As indicated in Fig. 1, there are two primary study fields in VAD, namely image-
based dialogue system [20, 23, 77] and video-based dialogue system [1, 84], depending on
the source of visual information. In image-based dialogue, relationships and interactions
between visual objects are always present, and visual context information is derived from a
single static image. In contrast, a video-based conversation system must analyse visual data
from dynamic movies in order to provide visually plausible replies. Videos incorporate both
spatial (e.g., the appearance and location of objects and their connections) and temporal
dimensions (e.g., the flow of actions or motions over many video frames), making their
feature space and semantic structure richer and more complicated than photos. Real-time
human-machine interaction necessitates that VAD gather and comprehend visual data from
nearby mobile devices. Mobile devices, on the other hand, frequently have limited resources,
making it challenging to immediately handle sophisticated visual data[26].

IX.FUTURE TRENDS OF HMI

Human Machine Interaction (HMI) is an area of rapid innovation and development,
and there are several key trends that are likely to shape the future of this field. Here are some
of the key trends in HMI that are likely to have a major impact in the coming years[11][12]:

Natural Language Processing (NLP)

Natural Language Processing (NLP) is a subfield of artificial intelligence (Al) that
deals with the interaction between humans and machines using natural language. NLP is
already being used in Human Machine Interaction (HMI) in various applications such as
virtual assistants, chat bots, and voice recognition. In the future, NLP is expected to play an
even bigger role in HMI, enabling machines to understand and interpret human language
more accurately and effectively. Here are some of the potential uses of NLP in HMI in the
future:

Advanced Virtual Assistants: NLP can be used to create advanced virtual assistants that can
understand and respond to complex natural language queries. This can enable users to interact
with machines in a more natural and intuitive way, making the interaction more efficient and
effective.

Personalization: NLP can be used to personalize the user experience by understanding and
interpreting user preferences and behaviors. This can enable machines to provide more
relevant and personalized recommendations and content, improving the overall user
experience.

Sentiment Analysis: NLP can be used to analyze user sentiment, enabling machines to
understand and respond to user emotions more effectively. This can enable machines to
provide more empathetic and supportive responses, improving the overall user experience.

Language Translation: NLP can be used to translate natural language from one language to

another, enabling machines to facilitate communication between people who speak different
languages.
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Data Analysis: NLP can be used to analyze large volumes of natural language data, such as
customer feedback or social media comments. This can provide valuable insights into user
behavior and preferences, enabling companies to make data-driven decisions and improve
their products and services.

Overall, NLP has the potential to revolutionize the way humans interact with machines,
making the interaction more natural, intuitive, and effective. As NLP technology continues to
improve, it is expected to play an increasingly important role in HMI, enabling machines to
understand and interpret human language in new and innovative ways.

Wearables and loT

Wearable technology and the Internet of Things (IoT) are expected to play a significant role
in the future of Human Machine Interaction (HMI), enabling machines to interact with
humans in new and innovative ways. Here are some of the potential uses of wearable
technology and 10T in HMI in the future [9][10]:

Health Monitoring: Wearable devices such as smartwatches and fitness trackers can be used
to monitor various aspects of human health, such as heart rate, blood pressure, and sleep
patterns. This data can be used by machines to provide personalized health recommendations
and alerts, improving overall health and wellness.

Smart Homes: 10T devices can be used to create smart homes that can be controlled and
monitored using wearable devices. For example, users can use their smartwatch to control the
lighting, temperature, and security systems in their home, providing a more intuitive and
efficient way to interact with their environment.

Personalized Recommendations: Wearable devices and 10T sensors can be used to gather
data on user behaviour and preferences, enabling machines to provide personalized
recommendations for products and services. This can improve the overall user experience by
providing more relevant and targeted recommendations.

Smart Transportation: Wearable devices and loT sensors can be used to create smart
transportation systems that can monitor traffic patterns, optimize routes, and provide
personalized transportation recommendations. This can improve the efficiency and
effectiveness of transportation systems, reducing traffic congestion and improving overall
transportation experience.

Augmented Reality: Wearable devices such as smart glasses can be used to provide
augmented reality experiences, enabling machines to overlay digital information onto the
physical world. This can create new opportunities for Human Machine Interaction, providing
a more immersive and intuitive way to interact with machines.

Overall, wearable technology and 10T have the potential to transform the way humans
interact with machines, providing new opportunities for personalized and intuitive
interactions. As the technology continues to evolve, it is expected to play an increasingly
important role in the future of Human Machine Interaction.
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Emotion Recognition

Emotion recognition technology is an emerging field within Human Machine
Interaction (HMI) that focuses on developing systems that can detect and interpret human
emotions. In the future, emotion recognition is expected to play an important role in HMI,
enabling machines to understand and respond to human emotions in new and innovative
ways. Here are some potential uses of emotion recognition in HMI in the future[11][12]:

Improved User Experience: Emotion recognition technology can be used to improve the
overall user experience by enabling machines to understand and respond to user emotions.
For example, a virtual assistant that can detect when a user is feeling frustrated or stressed
can provide more empathetic and supportive responses, improving the overall user
experience.

Mental Health: Emotion recognition technology can be used to monitor and analyze human
emotions, providing valuable insights into mental health. For example, the technology can be
used to detect signs of depression or anxiety and provide personalized recommendations for
treatment.

Education: Emotion recognition technology can be used in educational settings to improve
learning outcomes. For example, the technology can be used to detect when a student is
feeling confused or frustrated and provide personalized recommendations for additional
resources or support.

Customer Service: Emotion recognition technology can be used to improve customer
service by enabling machines to detect and respond to customer emotions in real-time. For
example, a chatbot that can detect when a customer is feeling frustrated can provide more
empathetic and supportive responses, improving the overall customer experience.

Gaming: Emotion recognition technology can be used to create more immersive and
interactive gaming experiences. For example, the technology can be used to detect when a
player is feeling bored or frustrated and adjust the game accordingly to maintain engagement
and interest.

Overall, emotion recognition technology has the potential to revolutionize the way
humans interact with machines, enabling machines to understand and respond to human
emotions in new and innovative ways. As the technology continues to evolve, it is expected
to play an increasingly important role in the future of Human Machine Interaction.

Brain-Computer Interfaces (BCls)

Brain-computer interfaces (BCIs) are a type of technology that enables direct
communication between the brain and a computer. In the future, BCls are expected to play an
important role in Human Machine Interaction (HMI), enabling machines to interpret and
respond to human thoughts and intentions. Here are some potential uses of BCls in HMI in
the future[12]:
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Assistive Technology: BCls can be used as assistive technology to help people with
disabilities interact with machines. For example, BCIs can be used to control prosthetic
limbs, enabling people with amputations to perform everyday tasks more easily.

Virtual and Augmented Reality: BClIs can be used to provide more immersive and intuitive
virtual and augmented reality experiences. For example, users could use their thoughts to
control virtual objects or navigate through virtual environments, providing a more natural and
intuitive way to interact with virtual and augmented reality.

Gaming: BCls can be used to create more immersive and interactive gaming experiences.
For example, users could use their thoughts to control game characters or make decisions
within the game, providing a more natural and intuitive way to interact with games.

Medical Applications: BClIs can be used for a range of medical applications, such as
monitoring brain activity in patients with neurological disorders or providing feedback to
patients undergoing cognitive training.

Communication: BCls can be used to enable direct communication between the brain and
other devices, such as computers or smartphones. This could provide a more natural and
efficient way to communicate, especially for people with disabilities or communication
disorders.

Overall, BCIs have the potential to revolutionize the way humans interact with
machines, enabling more natural and intuitive communication and control. As the technology
continues to evolve, it is expected to play an increasingly important role in the future of
Human Machine Interaction.

Explainable Al

Explainable Artificial Intelligence (XAl) is an emerging field that aims to develop Al
systems that can provide clear and understandable explanations for their decisions and
actions. In the future, XAl is expected to play an important role in Human Machine
Interaction (HMI), enabling humans to better understand and trust Al systems. Here are some
potential uses of XAl in HMI in the future:

Transparency: XAl can provide greater transparency into how Al systems make decisions,
enabling humans to better understand and trust the technology. For example, in industries
such as finance or healthcare, where decisions made by Al systems can have significant
impacts on people's lives, XAl can provide clear and understandable explanations for the
decisions made by these systems.

Safety-Critical Systems: XAl can be used to improve the safety and reliability of Al systems
used in safety-critical applications, such as autonomous vehicles or medical diagnosis
systems. By providing clear and understandable explanations for the decisions made by these
systems, XAl can help ensure that they operate safely and effectively.

Human-Al Collaboration: XAl can be used to enable more effective collaboration between
humans and Al systems. By providing clear and understandable explanations for the
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decisions made by Al systems, humans can more easily identify errors or biases in the system
and provide feedback or corrections.

Education and Training: XAl can be used in education and training to help humans better
understand and learn from Al systems. By providing clear and understandable explanations
for the decisions made by these systems, humans can gain insights into how the technology
works and how it can be used effectively.

Trust: XAl can be used to build trust between humans and Al systems. By providing clear
and understandable explanations for the decisions made by these systems, humans can feel
more confident in relying on the technology and using it in their daily lives.

Overall, XAl has the potential to improve the way humans interact with Al systems,
enabling greater transparency, collaboration, and trust. As the technology continues to
evolve, it is expected to play an increasingly important role in the future of Human Machine
Interaction.

From above it is clear that the future of HMI is likely to be shaped by a combination
of technological advances and changing user expectations. As machines become more
intelligent and intuitive, and as humans become more comfortable interacting with machines,
the interface between humans and machines is likely to become more seamless and
integrated, creating new opportunities for collaboration and innovation.

X. CONCLUSION

The advancements in technologies such as machine learning, artificial intelligence,
virtual reality, augmented reality, natural language processing, wearable devices, 10T,
emotion recognition, brain-computer interfaces, and explainable Al are rapidly changing the
landscape of Human Machine Interaction (HMI). In the future, these technologies are
expected to transform the way humans interact with machines, enabling more natural and
intuitive interfaces and enhancing the overall user experience.

The potential uses of these technologies in HMI are vast, ranging from improving
safety-critical systems to enabling more effective collaboration between humans and Al
systems. They have the potential to provide greater transparency, reliability, and trust in Al
systems, making them more accessible and usable for a wider range of applications.

As these technologies continue to evolve and improve, it is expected that they will
become increasingly integrated into our daily lives, transforming the way we work,
communicate, and interact with the world around us. It is clear that the future of HMI is
bright, and these advancements will continue to drive innovation and push the boundaries of
what is possible in human-machine interaction.
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