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Abstract - This research study examines the evolution of human-robot interaction (HRI) due to artificial intelligence (Al),
transitioning from basic command systems to advanced collaborative frameworks. The article examines the historical development
of Al and HRI, highlighting significant milestones and advancements in humanoid robotics. It enumerates several advantages of Al
in robotics, including its ability to adapt, operate autonomously, save costs, enhance efficiency, ensure precision, maintain safety,
and exhibit flexibility. We examine many forms of HRI, including auditory, visual, tactile, Kinesthetic, and proprioceptive
modalities, to illustrate how artificial intelligence enhances communication and engagement. This article discusses the use of
Al-driven Human-Robot Interaction in industrial automation, medical robotics, and educational systems. It emphasizes the economic
implications and development prospects of these technologies. The research concludes with reflections on the future of HRI,
predicting that socially intelligent and autonomous robots would proliferate, facilitating collaboration between humans and robots
across all domains.
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I. INTRODUCTION

Artificial intelligence has significantly influenced the advancement of HRI. Al has transformed human-machine collaboration.
Beyond basic command-and-control systems, it has made interactions more complicated and nuanced [1].

Al and HRI began in the mid-20th century when Al pioneers envisioned sentient computers that could reason, learn, and interact
with people [2]. Alan Turing, Marvin Minsky, and John McCarthy developed theoretical frameworks, algorithms, and
programming languages in the 1950s and 1960s to lay the basis for Al. The first industrial robots capable of repetitive production
operations were developed in the 1960s, marking a major milestone in HRI [3]. Early robots were pre-programmed and functioned
without human input, unable to adjust to their surroundings. This integration has advanced HRI beyond traditional human-computer
interaction (HCI) frameworks, where humans use screens and keyboards. People can now use computers socially. Al plays a key
role in improving human- robot interaction by allowing robots to understand, recognize, and react to human signals and commands.
Utilizing Al-driven algorithms, robots can comprehend normal language, identify facial expressions, and modify their behavior in
real-time according to human input [4]. In addition, an intelligent robot must engage in collaborative behaviors, both proactively
(by devising and suggesting outcome strategies to humans) and reactively (by responding to human commands) [5].
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Figure 1: Evolution of humanoid robots from a simple walking system to high-intelligence robots

Humanoid robot research started in the 1970s and accelerated in the early 21st century. They evolved from mimicking human looks
and actions to becoming intelligent systems with human-like traits. Fig. 1 shows three developmental phases of this evolutionary

trend [6].
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1. LITERATURE REVIEW

According to Ciaras et al. [7], HRI has advanced recently. Humanoid social robots have been extensively tested and used in
numerous situations, but research on robot—child interactions, especially with deaf children, is scarce. Ghosh & Sharma [8] highlight
robots' Al advancements, including machine learning, computer vision, reinforcement learning, and NLP. It emphasizes human
safety, ethical norms, and a

A multi-disciplinary approach to assure Al-controlled robot safety and functionality in complicated human interactions.

In another study, Hou et al. [9] presented a stable, self- reconfigurable centipede-type rescue robot. To explore varied surroundings
and overcome obstacles, the robot uses an optical sensor for life-form detection, terrain analysis, scene understanding, and obstacle
avoidance. Rescue operations in difficult situations benefit from these qualities. Zhu et. al [10] examines the dynamics of trust in
human- robot interactions, with an emphasis on Al-augmented robotic systems. It indicates that trust fluctuates with task difficulty,
with robots exhibiting more trust in easy or complicated tasks compared to intermediate activities.

111. OBJECTIVES

O1: To explore AT’s role in enhancing HRI;
02: To examine Al applications in different fields; O3: To identify the advantages of Al in HRI.
0O4: To examine the global and India key statistics of HRI.

IV. ADVANTAGES OF ARTIFICIAL INTELLIGENCE INROBOTICS

e  Adaptability: Al-powered machines can learn from their experiences and adapt to new tasks and circumstances.

e Autonomy: Al allows robots to act autonomously, making decisions and adapting to changing situations.

®  Cost-effectiveness: Al-based robotics can work continuously without breaks or perks, enhancing production and reducing costs.

e Efficiency: Al optimizes actions and resource utilization, leading to increased work performance and lower operational costs.
¢ Innovation: Al continuously advances robotics innovation by producing modern features and functions.

e Precision and Accuracy: Al techniques enable robots to perform jobs with high precision and accuracy, making them ideal for
precision operations like manufacturing or surgery.

e Safety: Al-powered robots can improve safety in various industries by performing hazardous jobs.

e Versatility: Al-powered robots can be designed and programmed to fit specific demands in various industries.

V. HUMAN -ROBOT INTERACTION MODALITIES

Human-robot interaction uses audible, visual, tactile, kinesthetic, and proprioceptive modalities. Vocal instructions, visual
gestures, and touch may be used alone or in combination with robots. Some studies use natural language processing, cognitive
architecture, and

social signal processing to improve robot interaction and perceived “intelligence” [11].
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Figure 2: Types of Human-Robot Interaction Modalities
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i.  Audio Modality: Facilitates casual interaction between humans and robots. It requires voice recognition and natural language
processing (NLP) skills. Robots can identify and produce human speech with these technologies.

ii.  Visual Modality: Enables robots to sense and understand visual signals, including facial expressions, gestures, body language,
and gaze direction. Computer vision algorithms are capable of identifying objects, faces, and gestures, as well as tracking the
movement of people and other entities [12].

iii. Haptic Modality: Facilitates tactile communication between people and robots. It encompasses the robot's capacity to detect
and react to tactile stimuli and exert force or vibrations on the human. Robotic surgery, prosthetics, and tactile communication
utilize force feedback systems and tactile sensors [13, 14].

iv. Kinesthetic Modality: Pertains to the robot's capacity to perceive and react to motion and movement. It encompasses the
robot's capacity to see and regulate its own motion. This is used in applications including industrial robots, bipedal robots,
and search and rescue robots [15].

V  Proprioceptive Modality: Enables robots to perceive and react to the location and motion of their own body parts in respect

to the environment and humans. This information may facilitate the regulation of the robot's motions, the identification and

analysis of malfunctions, and the strategizing of its operations [16].

VI. APPLICATIONS OF AI-POWER HRI

A. Industrial Automation and Collaborative Robotics
HRI is implemented in various industries to increase safety and productivity, unlike standalone automation. This

includes welding, assembling components, painting, transporting work pieces along manufacturing lines, and working
with robots and humans. In real life, robots assist humans in putting together the final door at BMW facilities, and
human-robot teams operate on flexible production lines to handle work pieces [17].

Figure 4: Al-enabled humanoid robot performing educational interaction and problem-solving
B Medical and Rehabilitation Robotic

HRI's robots help people with mental and physical problems get therapy and talk to each other. This includes new work with autistic
kids who might benefit from mechanical devices that help them talk and robots that help them get stronger and more flexible through
controlled movements and pressures. Smart wheelchairs use sensors outside the wheelchair to plan routes and avoid accidents,
making it easier to get around and stay independent [17].
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Year Market Size (Billion

usD)

2021 10

2022 13

2023 18

2024 25

2025 35

2026 50

2027 70

2028 95

Table 1: Growth of Al Market Size (2021-2028)
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Robots help nurses plan and carry out care for women in labor and delivery. Things run more smoothly, and patients do better. HRI
was very important during COVID-19. Lab robots use liquids on nasopharyngeal swabs to find DNA [18, 19].

C .Educational Robotics and Tutoring Systems

In educational institutions, robots help kids learn in different ways, making HRI crucial. These robots encourage regular kids to
study at home and school and, most importantly, teach empathy [17].

Teaching assistant robots can help preschool and elementary school English learners study and interact. This makes language
learning fun and simple. By making the robot a student and the child a teacher, autonomous systems with social robots may help
kids write better.

Other Emerging Applications

Home Use: New robots can clean, cook, host, and take care of children. The way people, things, and spaces interact in a home
setting makes it hard for robots to work well over long periods of time.

Sector Percentage (%)
Automotive 42.00%
Electronics 18.00%

Metal/Heavy Machinery 15.00%
Plastics & Rubber 10.00%
Others 15.00%

Table 2: Sector-wise Distribution of Industrial Robot Usage
VII.KEY STATISTICS OF HRI

Global Market Growth of Al: The Al industry is expected to grow from 9.3 billion U.S. dollars in 2021 to 389.6 billion

U.S. dollars by 2028, at a Compound Annual Growth Rate (CAGR) of 39.70%. This growth rate will help Al in Human Robot
Interaction (HRI) to become even more sophisticated and Al will be more widely used in HRI.

Economic Impact of Al: With the inclusion of advanced Human Robot Interactions (HRI) technology, Al is anticipated to add
approximately 15.7 trillion U.S. dollars to the global economy by 2030. This showcases the overarching impact of Al technology,
in advanced HRI.
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Figure 6: Comparison of industrial robot usage in automotive and electronics sectors

Operational Industrial Robots: The growth of human-robot interaction (HRI) in the manufacturing sector is indicated by the 4.28
million operational industrial robots in factories across the globe in 2023, a 10% increase from the previous year. In 2023 alone,
there was an addition of more than 500,000 industrial robots. This trend has continued for the 3rd year in a row.

Impact on Employment Opportunities: The projection by Al experts indicates an increase of 97 million administrative functions
worldwide by 2025. Meanwhile, it is estimated that 30% of global employees will be substituted by robots by 2030. This implies a
shift in work because of the increasing use of automation and human-robot interaction (HRI)
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Figure 7: Sector-wise percentage distribution of industrial robot usage

According to the WEG report on the future of jobs, Al will unleash automation on a scale that 41% of the employers surveyed intend
to reduce their Al workforce in the next five years. The major impact will be in the automation of 300 million full-time positions.
Jobs that exist now and are expected to be displaced include 92 million, but an optimistic projection of 170 million positions could
be created by 2030.

India

India Robot Software Market Growing from $223.4 Million in 2023 to $1.312 Billion by 2030 at 27.7% CAGR: Such specific
information is usually available in the reports of national or foreign market research companies dealing in technology like IMARC
Group, Mordor Intelligence, or Expert Market Research and other regional analytics providers.

India Humanoid Robots Market $62.92 Million in 2023: Like robot software, these figures come from specialized market research
reports of the India Humanoid Robots Market prepared by TechSci Research, Mordor Intelligence, or Custom Market Insights.

Industrial Robot Installed Bases in India 2023: 8510 (+59% YY), 7th in the world, 44,958 in operational stock, 42% in automotive:
These specific installation and operational stock numbers as well as country rank are taken from the IFR “World Robotics: Industrial

IJERT V15l S052595 Page 5
(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)



Published by : International Journal of Engineering Research & Technology (IJERT)
https://lwww.ijert.org/ I SSN: 2278-0181
An International Peer-Reviewed Journal Vol. 15 Issue 05, May - 2026

Robots” report as of 2022.

Robot Density in India 7: 7 robots for every 10,000 workers in the manufacturing sector: This metric is also the International
Federation of Robotics average and is published in their world reports and often compared to world averages.

Al Adoption & Impact in India: Robotics adoption to increase at 30%, 41% are daily active users of Al tools, gaps in talent for Al
jobs, hours of work automated, adoption by sectors.

VIII. CONCLUSION

Al has revolutionized human-robot interaction (HRI) beyond standard human-computer interaction (HCI) frameworks. Al allows
robots to identify, interpret, and respond to human signals and orders, allowing proactive and reactive collaboration. Robots can
understand spoken language, analyze facial expressions, and modify their behavior in real time to human input using Al-driven
algorithms, improving flexibility, autonomy, and safety in numerous sectors.

Multi-modal human-robot interaction, including audio, visual, tactile, kinesthetic, and proprioceptive modalities, has extended
robots' communication and interaction capabilities. Al-powered HRI is used in industrial automation, medical and rehabilitation
robots, educational robotics, and tutoring systems, with a large economic effect and growth in the worldwide Al sector. Socially
adept robots with advanced Al systems will understand and respond to human emotions and social cues, while autonomous robots
will become ubiquitous and adapt to changing settings. Al- HRI integration has the potential to transform several industries and
make human-robot interaction more intuitive, efficient, and effective.

IX. FUTURE SCOPE
e Human-Robot Interaction Systems: Multi-Modal Engagement and Collaborative Robots.

e Human-robot interaction systems will include multi- modal interaction capabilities, including voice, gestures, facial expressions,
and touch.

® Cobots will significantly contribute to HRI systems by enhancing human talents and adjusting their behavior according to
human input.

e Socially astute robots, integrated with sophisticated Al systems, will comprehend and react to human emotions and social
signals.

e Autonomous robots will become ubiquitous, anticipating human requirements, taking initiative, and dynamically
modifying their behavior to changing situations.
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