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Summary

Industrial robots, represented by the “Unimate” in the 1960s, primarily supported automation in
manufacturing but had limited capabilities for autonomous environmental understanding. Since 2000,
however, breakthroughs in deep learning have dramatically improved image recognition, and real-
time object detection has advanced the capabilities of autonomous mobile robots and service robots. In
addition, progress in natural language processing—particularly in techniques for understanding meaning
from discourse and context—has enabled more accurate interpretation of human instructions and
spoken intent. More recently, the widespread adoption of conversational Al capable of natural dialogue
with humans, such as ChatGPT, has made it possible to interpret instructions that include ambiguous
expressions, expanding applications of robots that can be operated through human language without
the need for programming languages. Furthermore, advances in technologies that jointly handle visual
and linguistic information are enabling robots to acquire integrated intelligence capable of “seeing,
understanding, and acting.” Progress in embodied Al research—AI premised on physical embodiment—
is expected to further improve the operability and adaptability of robots.

Robots utilizing Al technology are currently being developed and deployed across a wide range of
fields. In the industrial robotics sector, smart manufacturing using loT, cyber-physical systems, Al-
driven analytics, and digital twins are progressing, alongside the on-site adoption of collaborative robots.
In the area of autonomous mobile robots, self-driving vehicles, drones, and warechouse logistics robots
are expanding their real-world operations. In the service robotics sector, the use of serving robots in
restaurants is spreading, and in the medical field, robots are emerging that can support a range of tasks—
including dispensing and in-hospital logistics—in addition to surgical robots. However, while the adoption
of care robots is advancing, many customer-service robots remain at the demonstration phase. Moreover,
although humanoid robots are currently experiencing a development boom, particularly in China and the
United States, their industrial use in manufacturing, logistics, and services remains largely at the proof-of-
concept stage, and it is still unclear whether they will come to coexist with humans in daily life.

With respect to society, concerns have been raised about shifts in employment structures as Al and
robots automate conventional tasks. In particular, occupations involving routine and repetitive work
have been identified as susceptible to substitution. At the same time, some analyses suggest that new
occupations and skill demands are emerging in areas such as robot operation and maintenance, as well as
related data utilization; thus, the issue should be examined from the perspectives of both job loss and job
creation. In terms of ethics, legal frameworks, and social acceptance, questions regarding the locus of
responsibility and the transparency of decision-making processes have become increasingly important as
the autonomy of Al and robots grows. Because institutional arrangements and social consensus on these
matters differ across countries and regions, the need for international discussion and cooperation in light
of global trends has been emphasized.

Toward a future society in which humans and robots coexist, it is clear that robots, as physical
platforms, will play a crucial role in the evolution of Al. Accordingly, the question of how humans and
robots share responsibility and build trust cannot be avoided. In this connection, it is important to address
challenges such as international standardization, human resource development, social system design,
and industrial infrastructure development, and to establish frameworks that support the sustainable co-

evolution of humans and robots.
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