Modeling and Simulation E#£51jE, 2025, 14(4), 1144-1155 Hans )
Published Online April 2025 in Hans. https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2025.144361

ETAEEREPHENEBHNXTRAETZLRS
SO IR 3R

£AR, aER”

LRI RIS LA N RS, B
2 PR MBO AR B, VRS SRR, L

h

Weks H . 20254F3 290 A EM: 20254F4H22H; KA HI: 20254F430H

wm B

BEEANOZRLABHERY, SRS BENHEZEEMN. HERGEXTIEFIREN P #H i
PR 3R BE N ARG R R AR BB T LB R E VISR IKE 23 ThRe. BT RRERTTMA BRERN
BN EERINEANZ T ERARZINEHARMZIENI ZE. B, BRI AERE
MEELEAEEIHHILRS. BFNAN. FENERTAMU)E. EF, IMUR—FHEAFTH PR
i, AR P RESENNAELE, AERRIEENESEE. RRCET AR EEAEY
JIENE. FERESERM BT EERENEARR, BERAERE LEXHERRZHRET
KA EELER, FomEAERREEE, RN EEREEMESIGAERESE. HAMEH
WHEELTEC N10015% 3/ & BB PO # i 1 B ST RE, $0E BT —R% LBEZEshE
%, GFEMRE. B, A SRS, EdoidE LERTEZISREF M AERNEE, BT
BENKATHIBIIRAE, HT TR R EENREEE. SR ExR, A EEXTEAEEHRET
FIEE RN ABEZRMEN D AMRE. ARXERABHREMNLGRE T EEZHNSEKE, FH
ORI — S E RN A E S R R AL T T B

Xiid
ERRTAE, ERRE, AEERE, HiEaRE

Changes of Joint Angle Based on
Biomechanical Mechanism of

Human Upper Limb and Experimental
Verification Research

Desheng Li!, Xuerui Bai?*
EIRER

SCESIM: B, AT BT AR LR U R SN A AR S SR IR FL D). RS 7, 2025, 14(4):
1144-1155. DOI: 10.12677/mo0s.2025.144361


https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2025.144361
https://doi.org/10.12677/mos.2025.144361
https://www.hanspub.org/

BRI, AT

!Key Laboratory of Intelligent Manufacturing and Robotics, Shanghai University, Shanghai
2Department of Biomedicine and Health, Shanghai Vocational College of Agriculture and Forestry, Shanghai

Received: Mar. 29'", 2025; accepted: Apr. 22"9, 2025; published: Apr. 30", 2025

Abstract

As the aging population continues to grow, the number of stroke patients is increasing in today’s
society. The adaptability and flexibility of the nervous system to external and internal factors ena-
ble stroke patients to recover their motor function through rehabilitation training. The upper limb
rehabilitation robot, based on upper limb joint angle acquisition, has emerged as a complement to
conventional rehabilitation training and has received widespread attention both domestically and
internationally. Currently, the main methods for upper limb joint angle acquisition include motion
capture systems, electronic goniometers, and inertia measurement units (IMU). IMU are a novel
measurement method that can collect digitized angle data in real-time motion and have high accu-
racy and portability. Based on the biomechanical mechanism of the human upper limb, the draw-
backs of traditional rehabilitation training and the current status of upper limb rehabilitation ro-
bots, this thesis aims to investigate the angular changes of the subject’s upper limb joints under
different movement states and to analyse their coordination and stability, as well as to provide a
reference for the field of upper limb rehabilitation and sports training. The study used the WHEEL-
TEC N100 inertial guidance angle sensor module to acquire the upper limb joints of the subjects,
who performed a series of upper limb movement tasks, including extension, flexion, internal rota-
tion and external rotation. By analysing the angular change data of the subject’s upper limb joints
during movement, the movement characteristics of each joint were derived and the coordination
and stability between the joints were analysed. The results show that there are complex angular
change characteristics and coordination characteristics of different upper limb joints in different
movement states. The results of this thesis provide an important reference for sports rehabilitation
and training, and also provide new ideas for further understanding of the human limb movement
process. This study provides important reference for motion rehabilitation and training and also
provides new ideas for further understanding the human body’s limb movement process.
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Figure 1. Structure of the upper limb of the human body
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Figure 2. Description of sensor installation positions
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Figure 3. WHEELTEC N100 inertial navigation
angle sensor module
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Figure 4. Working principle of inertial navigation angle sensor module
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Figure 5. Upper limb joint Angle algorithm and acquisition process
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Figure 6. Schematic diagram of hand
joint motion measurement
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Figure 7. Joint position prediction
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Figure 8. Reference posture
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Figure 9. Sensor installation position
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Figure 10. Joint angle algorithm
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Figure 12. Measurement results of shoulder
joint motion
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Figure 13. Measured movement (cup holding)
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Figure 15. Measurements of elbow, forearm and wrist joint
movements. (a) Angle change; (b) Forearm length change

[E 15. FIEB. AIEFFR X TSN ELER. () AEEWL;
(b) ATBKETL

7. RESRE

AR UNE LAY 2By d A, SQUEIZEh#E LIRS AEA FIZ SR T A EE AL B
P RPERIRR EE . (RN, AR ST R I ZRI B A H 1T R RS N IIIUIR, R s R E iE
BN R K e 7 17 o

N TSR JBERAT I A AR B, AR SO T WHEELTEC N100 15 3 JE A% R G HOoR R S
WH BT — RO LEOaa e, SfEMRE. Jalh. ABRRAMESE. WA WIS KREIE, 3K
MTURIAF LR EA B SPRE T AP R 2R AR AR A P PR AE, 10 HAS Rl 1 ie
RIPAFAE—E I ZE ST

AV ST K S IRAR E 73 AN T G AT AE — S 5 G B T AN ELAS AR SRR N T30 7, [
FESRI T WA —EE A AL -

FEAMBERAE T, I 0 o I X B2 JPE i fi /NS DL R AE MBS BT, 1) 0 B =Sk UL B
felfdt. SR, RIEAE_ BB = SLALMIE BALRAS, WA LERAL RS 1y Bou e, Nias
BUR KT AR P A Bk 2= 5D R Z2 K. R R I E T R EAIRZ RO, MR ZE
BN TR AR, DRIASSIAG T SR LA R T IR A BERAR SRS AR . AR AT DAFE IR ZE 4L B
EInCUREE,  DAURIEEAT J8 515 (1 ff BER B

BEE BN A TR BERO NI AT, _E R 5GBSR SR G thh T i — SRR A R AN
JETT1A . BEE AR BORIIAWIRT,, RO A1 BER AR SL A0 Pk 15 1 s S B ORBOR,  n oy v 2
M AT HHE 3 A AR B B — A BT T T 1] AR RER ORI E LD, A% RS ) R AR 7 1 5

DOI: 10.12677/mo0s.2025.144361 1154 5 1 A


https://doi.org/10.12677/mos.2025.144361

BRI, AT

AW, XN EJRORTT A RER ARSI S T S HER . ST SE A SRR . LR SRR L 2 2T
CLE AR R I B ELT5 R 2, X B R A BER S S A0 (K 8dle 7 A AR BSR4 T — >4 (¥ R %
SRS B A AN L B D2 R ), BBORES I, XA AT T AT DA SE 2 (K37 5 R HEAT S
B TR E BN, BN A R AR SIS N AUEIE T IR 2, WPRT R . AWLACEAE, X
FATAWHRNR TEATT A o

&5k

(1]
[2]
(3]
(4]

(5]

(6]

[7]
(8]

[°]
[10]
[11]

[12]

[13]
[14]
[15]

SR, WA, EREENIS AR, EE N TSR, 2020, 41(3): 134-138+143.

BENL LRGN NEZING LN RE MBI [D]: [ 22 g, R KEH TR, 2021.

NPT, AR SE R RN AR IR =Rk 5=k, 2018(5): 106-111.

P, TH, § 4. BT REEAREEE NN IZ 30 M B E 0] A 8 Tk 53 (H R B #R), 2021,
44(6): 738-742+747.

Gu, C,, Lin, W., He, X., Zhang, L. and Zhang, M. (2023) Imu-Based Motion Capture System for Rehabilitation Appli-
cations: A Systematic Review. Biomimetic Intelligence and Robotics, 3, Article 100097.
https://doi.org/10.1016/j.birob.2023.100097

Mills, P.M., Morrison, S., Lloyd, D.G. and Barrett, R.S. (2007) Repeatability of 3D Gait Kinematics Obtained from an
Electromagnetic Tracking System during Treadmill Locomotion. Journal of Biomechanics, 40, 1504-1511.
https://doi.org/10.1016/j.jbiomech.2006.06.017

e, B, TR IS ARIR RS CT AR IR ], SR S5TR S, 2023, 42(1): 158-160.

Cordani, C., Valsasina, P., Meani, A., Pagani, E., Morozumi, T., Preziosa, P., et al. (2021) Interhemispherical Predictors
of Disability and Upper Limb Motor Impairment in Patients with Multiple Sclerosis: A Structural and Functional MRI
Study. Journal of the Neurological Sciences, 429, Article 117667. https://doi.org/10.1016/j.jns.2021.117667

A, AR, S [ i A A 0T I DG 5 7K T e sl ik RS sz [3]. BAR SR BR 2%, 2022, 34(9): 1159-1160.
M Epe. WU & T i) T RE ML A AR 72 [D]: [l 2467 18 30]. RI%E: KOEH Tk 2, 2020.

FLEBR, E3CAR, 00k, 25 35T sSEMG (1 LB 0 A FE Tl 7 vA i 70 [9]. A Tl K 2% 244k, 2022, 40(4): 764-
770.

KT, AN, SRk, &5, F T SCEARE M4t RO A N ], RREROR S TR, 2021, 21(17):
7187-7192.

BRML N S R @A 23 AT [D]: [ 22 A0 5] YERA: PR Tk R%, 2019.
BOLAE. TAME RELES AL B 2] & H A B [D]: [ A A0 5] 22 22 K%, 2021,
VR, — Rl TR U A% B8 1 DS A BE N VA ] DOREIR 5%/ 8%, 2016(9): 112-116.

DOI: 10.12677/mo0s.2025.144361 1155 e ST TN


https://doi.org/10.12677/mos.2025.144361
https://doi.org/10.1016/j.birob.2023.100097
https://doi.org/10.1016/j.jbiomech.2006.06.017
https://doi.org/10.1016/j.jns.2021.117667

	基于人体上肢生物力学机理的关节角度变化与实验验证研究
	摘  要
	关键词
	Changes of Joint Angle Based on Biomechanical Mechanism of Human Upper Limb and Experimental Verification Research
	Abstract
	Keywords
	1. 引言
	2. 上肢关节角度的采集与测量
	3. 上肢关节角度的预测
	4. 上肢关节角度的计算
	5. 实验结果分析
	6. 误差分析
	7. 总结与展望
	参考文献

