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Fig. 1 (a) Schematic diagram of the overall robot configuration and leg actuator layout (Reprinted with permission from
Ref. [13]; Copyright (2025) John Wiley and Sons. License Number: 6190101328400). (b) Schematic diagrams of the robot
knee joint model, the tensegrity mapping process, and the biomimetic realization of flexion (Reprinted from Ref. [16] under

the CC BY 4.0 license; see the license at: http://creativecommons.org/licenses/by/4.0/).
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Fig. 2 Schematic of (a) the thermal nociceptor structure and (b) the corresponding temperature sensor, both based on graphite-

PDMS composites (Reprinted from Ref. [26] under the CC BY 4.0 license; see the license at: http://creativecommons.org/

licenses/by/4.0/).
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Fig. 3 (a) Schematic diagram of the multifunctional tactile system integrated into a robotic hand, providing haptic perception
capabilities, along with the architecture and application scenarios of the multimodal supervised learning algorithm for the
MTAS tactile system (Reprinted from Ref. [33] under the CC BY 4.0 license; see the license at: http://creativecommons.org/
licenses/by/4.0/); (b) Schematic of the multifunctional electronic skin (Reprinted from Ref. [34] under the CC BY 4.0 license;
see the license at: http://creativecommons.org/licenses/by/4.0/); (¢) Schematic of a robotic hand embedded with a multi-unit
skin system and its application scenarios in ophthalmic surgery and agriculture (Reprinted from Ref. [35] under the CC BY
4.0 license; see the license at: http://creativecommons.org/licenses/by/4.0/).
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robustness, self-adhesion, self-healing, frost resistance, and self-powered sensing capability (Reprinted from Ref. [41]; under
the terms of the CC BY-NC 4.0 license); (c) Schematic of the NRE skin designed for embodied intelligent robots, which
provides not only fundamental tactile perception but also advanced functionalities, including active nociception, damage

detection, localized reflex loops, and rapid assembly (Reprinted from Gao ef al. [43] under the CC BY-NC-ND 4.0 license; see
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Fig. 5 (a) Schematic illustration of the biological muscle-tendon complex (MTC) and the corresponding robotic gripper
employing liquid crystal elastomer (LCE) artificial muscles, along with their muscle contraction mechanism (Reprinted from
Ref. [52] under the CC BY-NC 4.0 license; see the license at: https://creativecommons.org/licenses/by-nc/4.0/); (b) Schematic
diagram of the intelligent perception system based on triboelectric artificial synapses and the corresponding material
identification process (Reprinted with permission from Ref. [55]; Copyright (2025) Wiley-VCH GmbH. License Number:
6190190873735); (c) Application prospects of the advanced haptic interface (PED)—including metaverse systems for
cross-space perception, haptic cognition for embodied grasping and object recognition, and enhanced robotic interaction with
emotion-feedback functionality—along with its schematic design (Reprinted with permission from Ref. [59]; Copyright
(2025) Wiley-VCH GmbH. License Number: 6190171106561).
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Review

Research Progress in Polymers for Humanoid Robots

Gui-ying Zhu!, Chun-yan Liu?, Bao Deng!, Bo-en Liu?, Peng-cheng Xia!, Peng-juan Li?, Jun Lei!, Jia-zhuang Xu'*

(!National Key Laboratory of Advanced Polymer Materials, College of Polymer Science and Engineering,
Sichuan University, Chengdu 610065)
(’Shanghai Zhonglei New Materials Technology Co., Ltd., Shanghai 201306)

Abstract Humanoid robots represent a pivotal physical carrier for embodied intelligence, demonstrating
significant developmental potential and broad application prospects. Polymers, featured by the merits such as low
density, high specific strength, ease of processing, and tunable functionality, are increasingly being utilized in
load-bearing and functional components of humanoid robots. This article reviews recent research achievements in
polymers for humanoid robotic applications. Placing focus on key performance requirements for lightweight
skeletal structural materials, bionic skin materials, and intelligent sensing-actuation materials, this review
elaborates on advances in microstructural design, functional network construction, preparation and processing
methods, as well as structure-property relationships. Finally, current challenges and future development directions

in this field are discussed and summarized.
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