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Introduction

The design and control of humanoid robots for assistive applications
represent a convergence of robotics, biomechanics and human-centered
engineering aimed at improving the quality of life for individuals with physical or
cognitive impairments. These robots are built to resemble the human form in
structure and movement, allowing them to interact naturally in environments
designed for humans and perform tasks that support daily living, such as
mobility assistance, object retrieval, communication facilitation and emotional
support. Developing such robots involves not only replicating human-like
kinematics but also ensuring safe, adaptive control strategies for seamless
interaction with users. As the global population ages and the demand for
eldercare and rehabilitative services grows, humanoid robots stand out as
promising solutions to support caregivers and enhance patient autonomy in
homes, clinics and rehabilitation centres [1].

Description

The structural design of a humanoid robot intended for assistive functions
typically includes articulated limbs, a torso and a head, mimicking the
anthropomorphic layout of a human body. This design facilitates ergonomic
compatibility with human environments—such as reaching doorknobs, walking
on steps, or using utensils—and supports intuitive interaction with users.
Materials used in these robots are chosen for a balance between strength,
lightness and safety, often incorporating soft padding or compliant actuators to
minimize injury risk during physical contact. Key to their functionality is the
integration of sensor networks—such as vision systems, force sensors, IMUs
and tactile arrays—which enable the robot to perceive and respond to
environmental and user cues in real time. For example, pressure sensors in the
feet help maintain balance on uneven terrain, while vision and depth sensors
allow the robot to identify people, obstacles and objects.

The control system of an assistive humanoid robot is responsible for
generating smooth, safe and context-appropriate movements. This involves
hierarchical control architectures, where high-level planners determine the task
(e.g., walking to a user), mid-level controllers generate trajectories for limb
movements and low-level controllers actuate the motors with real-time feedback
loops. Advanced techniques such as inverse kinematics, zero moment point
(ZMP) control for bipedal balance and whole-body coordination algorithms are
applied to achieve stable locomotion and manipulation. For assistive purposes,
safety and adaptability are critical, so control systems must include fall

modulate behavior based on human emotional or physical state. Some robots
are also equipped with Al-driven learning modules that allow them to improve
their task performance over time and personalize interactions based on user
habits or preferences.

In terms of assistive function, humanoid robots are often designed to provide
physical, social, or cognitive assistance. Physically, they can help users with
mobility impairments by offering support while walking or transferring between
positions. Cognitively, they can remind users to take medication, guide them
through daily routines, or communicate with remote caregivers. Socially, these
robots serve as companions that reduce loneliness and promote emotional well-
being, especially in elderly individuals living alone. Their humanoid appearance
and expressive abilities, including speech and gesture, make them more
relatable and comforting. Integration with smart home systems further enhances
their utility, allowing them to control lights, temperature, or appliances via voice
or gesture commands. These multi-modal capabilities enable humanoid robots
to function not just as machines, but as interactive assistants that foster
independence and engagement [2].

Conclusion

In conclusion, the design and control of humanoid robots for assistive
applications reflect a sophisticated interplay of mechanical engineering, real-
time control theory, artificial intelligence and human-robot interaction principles.
Their anthropomorphic structure enables functional compatibility with
environments built for humans, while advanced control systems ensure
adaptive, safe and efficient performance in dynamic and personal settings. As
these robots continue to evolve, their role in healthcare, rehabilitation and
eldercare is expected to expand dramatically, offering not only task support but
also companionship, monitoring and emotional connection. By addressing both
the physical and psychological needs of users, assistive humanoid robots
promise to revolutionize care delivery models and empower individuals with
greater autonomy. Future advancements will likely focus on improving energy
efficiency, emotional intelligence and intuitive learning, further enhancing their
potential as trusted partners in human-centered environments.

Acknowledgment

None.

Conflict of Interest

detection, compliant control for unexpected interactions and the ability to None.
*Address for Correspondence: Mariam Shiomi, Department of Applied Informatics
and Applied Mathematics, Obuda University, Budapest, Hungary, E-mail: References

mariam@shiomi.hg

Copyright: © 2025 Shiomi M. This is an open-access article distributed under the
terms of the Creative Commons Attribution License, which permits unrestricted use,
distribution and reproduction in any medium, provided the original author and source
are credited.

Received: 02 March, 2025, Manuscript No. ara-25-169082; Editor Assigned: 04
March, 2025, PreQC No. P-169082; Reviewed: 16 March, 2025, QC No. Q-169082;
Revised: 23 March, 2025, Manuscript No. R-169082; Published: 30 March, 2025,
DOI: 10.37421/2168-9695.2025.14.316

1. Carbonnel, Marie, Gaby N. Moawad, Mia Maria Tarazi and Aurelie Revaux, et al.
"Robotic hysterectomy for benign indications: What have we learned from a
decade?." JSLS 25 (2021): e2020-00091.

2. Alshowaikh, Khadija, Katarzyna Karpinska-Leydier, Jashvini Amirthalingam and
Gokul Paidi, et al. "Surgical and patient outcomes of robotic versus conventional
laparoscopic hysterectomy: a systematic review." Cureus 13 (2021).


mailto:markus@didier.pl
mailto:markus@didier.pl
mailto:mariam@shiomi.hg
https://www.mdpi.com/1424-8220/22/3/855
https://www.mdpi.com/1424-8220/22/3/855
https://pmc.ncbi.nlm.nih.gov/articles/PMC8035818/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8035818/
https://www.mdpi.com/1424-8220/22/3/855
https://www.mdpi.com/1424-8220/22/3/855
https://www.mdpi.com/1424-8220/22/3/855
https://www.mdpi.com/1424-8220/22/3/855
https://www.cureus.com/articles/62415-surgical-and-patient-outcomes-of-robotic-versus-conventional-laparoscopic-hysterectomy-a-systematic-review.pdf
https://www.cureus.com/articles/62415-surgical-and-patient-outcomes-of-robotic-versus-conventional-laparoscopic-hysterectomy-a-systematic-review.pdf
https://www.mdpi.com/1424-8220/22/3/855

Shiomi M. Adv Robot Autom , Volume 14:01, 2025

Page 2 of 2


https://www.sciencedirect.com/science/article/pii/S0048969721075847
https://www.sciencedirect.com/science/article/pii/S0048969716310452

