55 61%5 15 ] Lo T B % K Vol.61 No.15
2025 4 8 A JOURNAL OF MECHANICAL ENGINEERING Aug. 2025

DOI: 10.390/IJME.2025.15.121

WEAEGERENEN: )UHIL 5 AR
K& RiaH LRk

okt FEE THW' BKE? THHN® HxXE® BFEX°
O MBS Bt
(1. AERATSHUR KM TR X BBt ks 100191;
2. BT B S Rey s A eE e dbnt 100176;
3. WL KZENLE TR =B Bl 310058;
4. hEEFR THEGHERAR Jbat 100006;
5. X LG B4Rk EMFH L  JEa  100040)

FEEE: Ui B ARORIETE I, SO RRREH AR S R st 78 “ AARRIE” AT, AEHLEA
TERA SRR EEANAE, BAT MR R BB AR Z EREE X R RE RS & EERNR R, 451250
BB AR S KB, SR NEIE NBARIR R R . Bk, NMBENEHIEANNE LSRR, WEAR
AP PR R O SCRESE T TR [ ]9 SRR, 0f b 4 SR HOR R RARFAIE 5 7= ke B o B R T AR O B0 R
A S i PR ENS R, RSERE RN, AR5 EH, #ERSS TRFES OB OEAR, b
SEIRE S MR R . W, NBNEHENERRIR I BaehE . FE AL SRS IR, R
HAEH P AR R RIS ). E—25, BSR4 2480 N TENLEE AR R IG 0 E 2R . B, 4xt
PANTEHLER N AR IR H S B Be A 2 S B . S 5005 B & DA R e 4 SR BAE T TH I R R #a 353k 4T T TR B
T BAE A SR NTEHLEE NRTVSBOR KR Eh SR, N R N RS 5k, B iR E A TENL# A RS
rabfb ke .

KR NJBHLAE N RBEHOR, RIGHEAE:, HEREe: OB, ANSLEL 7iEI%TE

FESES: TP242

Establishing a New Paradigm of Embodied Intelligence: A Review of the
Current Satus and Development Trendsin Humanoid Robot Technology

TAOYong® WAN Jiahao' WANG Tianmiao® XIONG Youjun® WANG Baicun®
ZHANG Wenbo* DENG Changyi®> TAOYu' YANG Geng® WEI Hongxing'
(1. School of Mechanical Engineering and Automation, Beihang University, Beijing 100191;

2. Beijing Embodied Intelligent Robot Innovation Center Co., Ltd., Beijing 100176;

3. School of Mechanical Engineering, Zhejiang University, Hangzhou 310058;

4. China Internationa Engineering Consulting Corporation, Beijing 100006;
5. National Industrial Information Security Development Research Center, Beijing 100040)

Abstract: The technology of humanoid robots is currently evolving rapidly, becoming a new focal point for global technological
innovation and industrial upgrading. As an important representative of embodied intelligence, humanoid robots possess vast
development potential and application prospects. Based on the multidisciplinary intersections, complex systems, and high levels of

integration inherent in humanoid robot technology, this review synthesizes the latest research achievements and industry
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developments in this field, focusing on the current technological status and development trends of humanoid robots. First, the
definition and developmental history of humanoid robots are introduced, describing the current status of development in both foreign
and domestic contexts from the perspectives of technological level, industrial landscape, and policy support. A comparison and
summary of the typical technological development characteristics and product features between domestic and international
advancements are provided. Key core technologies are analyzed in detail, including critical components, environmental perception
and scene understanding, gait control and dexterous manipulation, embodied intelligence and large model's, human-robot collaboration
and interaction, as well as operating systems and toolchains. The implementation pathways and current research progress of these
technologies are discussed. Furthermore, typical applications of humanoid robots in specialized service environments, intelligent
manufacturing, and household and socia services are presented, exploring their expansion potential in emerging application areas.
The main challenges faced by humanoid robot development are analyzed, focusing on technological bottlenecks and application
difficulties. Finally, based on the development status of technologies and applications, an outlook on the trends in embodied
intelligence represented by humanoid robots is provided, particularly in areas such as multimodal vertical large models,
high-performance simulation training platforms, and safety and ethics. This review aims to summarize and grasp the dynamics of
cutting-edge technological developments in humanoid robots domestically and internationally, while offering insights and references
for those engaged in the research and development of humanoid robot technologies and products, thus contributing to the
advancement and industrialization of humanoid robot technology in China.

Key words: humanoid robot; key technologies; dexterous manipulation; embodied intelligence; large model; human-robot

collaboration; simulation training platform
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