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Abstract

Given the exacerbation of the aging population in China, the incidence of stroke patients is progres-
sively increasing, leading to hand motor dysfunction as a prevalent sequela. This study aims to de-
velop a flexible hand wearable rehabilitation motion assistance system to address the issues of high
cost, low safety, inadequate force-to-weight ratio, excessive pressure requirements, and low patient
engagement associated with current hand rehabilitation devices. The objective is to facilitate home-
based rehabilitation training for stroke patients and assist them in performing daily activities. The
core components of the proposed system include a flexible hand buckling actuator and a pneumatic
control system. The actuator is fabricated from nylon fabric coated with TPU (Thermoplastic Poly-
urethane), ensuring excellent flexibility and comfort. The pneumatic control system comprises a
micro air pump, high-frequency solenoid valves, and a control circuit board. Additionally, the sys-
tem features a WeChat mini-program and an LCD touch screen for user-friendly human-computer
interaction, enabling users to select various rehabilitation modes, access medical information, and
review historical rehabilitation data. Experimental findings indicate that when the input pressure
of the hand flexion actuator reaches a maximum of 300 kPa, the output force at the fingertip termi-
nal can attain up to 11.6 N. These results substantiate the efficacy of the flexible hand wearable re-
habilitation motion assistance system in home rehabilitation settings, providing substantial sup-
port for the restoration of stroke patients’ self-care capabilities. The experimental results demon-
strate that the hand flexion actuator constructed from flexible fabric materials offers a comfortable
and soft wearing experience, ensuring high safety and effectively preventing secondary injuries in
patients. Additionally, the proposed actuator achieves a high fingertip terminal output force even
at lower pressures. By integrating an active rehabilitation strategy based on surface electromy-
ography (sEMG) signals, patients can precisely control their rehabilitation training actions, thereby
fully leveraging their autonomous consciousness. When combined with passive and mirror rehabil-
itation modes, this system forms a comprehensive wearable hand rehabilitation assistance system
suitable for the entire rehabilitation process.
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Figure 1. Hand flexion actuator geometry parameters
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Figure 2. Actuator makes materials
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Figure 3. Buckling actuator production process and physical object
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Figure 4. The overall scheme design of the control system
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Figure 5. Membrane pressure sensor and teaching gloves
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Figure 6. Active rehabilitation model process
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Figure 7. Hand movement types and the accuracy of different types of gesture recognition

7. FEIMELR RARFEF BRI ERE

TELR F B ANE U HER 2R S0, )77 12 FpFshfE—k, BT 12 MFEESahfE—k, b
HLHEL 6 B, BEMIEPAT 4 I, T 5ER 48 RENME, Fa58 J5 IR A 45 IR, BHRAELR IR B FERT
1.014 Fb, FELRIRFIERIRAN 93.75%. FETHLEE2= X BIFMVE R DR 7E5F L M 26 1 Froso

Table 1. Comparative analysis of hand action recognition research based on machine learning

F* 1. ETHBRZFINFHMERAARII L 2 47

fE& NERNE FE R AR AR AR UL %
Hm5F[14] 9 fi FHEEN MediaPipe 93.71%
Duan Z[15] 9 Fif 3 HIE DL AR RS LDA 91.7%
Y. Arayan [16] 5 8 B L AR A KNN 89.00%
A 12 8 JWIE N FL R IR LDA 95.51%

33. ETREDEFRPANZEREET
WG /INEFF EEIRE . B MR S R A A R B B B R, e Ml 22

DOI: 10.12677/airr.2025.142035 355 NILERESHLE AT


https://doi.org/10.12677/airr.2025.142035

GRIESC A

e EFE A U i D SRR I SRR, B s AT IR R . A BT O AR,
LT RE B, BT BHif: 8T LA NS5 N 2 v A S IR ST B, R T LA BT B 45
AT E AT AREREE . BTSRRI S i A S R K A S el L
TG MEFRRENERG RN E 4w, EAMEHM TR, s/ MEFALA A 8 frs.

EFNRESHTHE.. - © < EiEEhaiven - @ EERANL —- ©

B o S —
o an =
\‘\ \ | SRR WE>s
\ / ;v
| I\
i iAﬂlilB??Efi
N /7 R e
BEMEPNFEREERE
wne  ZRAMRTR. o

EEERSE
- 0 a
= myna nn

Figure 8. WeChat mini program human-computer interaction interface
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Figure 9. Touchscreen human-computer interface
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Figure 10. Calibration experiment of gas path parameters
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Figure 11. Fingertip terminal output force test platform and experimental results
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Figure 12. Passive and mirror rehabilitation modes
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