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Study on the design of a wearable massage device based on
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Abstract: This study aims to develop a wearable bionic massage device based on the seating knee—adjustment manipulation for the
massage treatment of patients with Knee OsteoArthritis ( KOA). The device integrates airbag pressure technology and Particle
Swarm Optimization-Back Propagation neural network (PSO-BP) prediction algorithm to provide personalized massage treatment
for the knee joints of patients, assisting or replacing human massage physicians. This approach is intended to improve treatment
efficiency, alleviate the strain on medical resources, and protect the occupational health of physicians. The study utilizes data from
120 KOA patients to predict the output massage force of the seating knee—adjustment manipulation using the PSO-BP algorithm.
The device design includes structural and drive system designs. The structural design employs airbag pressure to drive a spherical
massage head for force output, while the drive system design comprises modules for flow monitoring, LCD display, output force
monitoring, angle acquisition, and air inflation/deflation control. Experimental results indicate that the displacement error of the
massage head in the xoz plane is minimal, and it can effectively track acupoints during changes in patient posture, demonstrating
good positioning accuracy. In terms of mechanical output validation, the device can partially simulate the massage techniques of
physicians. The device shows good performance in acupoint positioning and mechanical output.

Key words: seating knee — adjustment manipulation; massage device; massage robot; Particle Swarm Optimization — Back
Propagation neural network algorithm (PSO-BP) ; Knee OsteoArthritis( KOA)
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Fig. 1 Design of manipulation acquisition system

2 HWEEEILIT
2.1 AFEHAEEEEEMLIT

A 2 s e R FH AR A in ¢k shER P 42 g
SLUASCE S B o, R R G 2 Frs,

BRI A5 B S s St 44 B Sl AR T {2 PR HEL D0
PR B Sk RERS A 2 o B3R T X, BRIE SCTT BT
B A DR A S0 L 28 IR I 42 JBE Sk AT i IR 7 i FEE
HROLRS P AT 3 R, N E S
PERINEFHAE TR BER SN 00 s g A0 524 Al DUR 8 7



57

VLIRS, S . BT AR PR T e nl 2 U S e i e 183

SR A R P 075K 2 it
BT IR TR B X T 0 6.7
SR IR 8 T SRR S 0y T 1 4

FRIE AT K

FPE Sk S e r N IE

PSR iy LA I

FEER

=3 G R

A 2 A

T ARZEEPFATHU RSN et . el i R
TAEE SR A R R EE

ST
e I R
S
P R R AR
i e P 42
By

B2 WHFEESEERFRITEHE

Fig. 2 Sketch of wearable massage device system design
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Fig. 3 Design of spherical joint massage head
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Fig. 4 Wearable shell modeling
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Fig. 5 Fuzzy control flow of massage operation
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Fig. 6 Comparison of prediction values and actual values
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Table 1 Prediction accuracy of BP model under different hidden

node layers

R T 52 MSE
5 0.033
6 0. 026
7 0.019
8 0. 026
9 0.026
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Table 2 Continuous positioning accuracy tests mm

HIUN= W N W & VA TIE S S R LRVAIE S TR/ € RYAIE:

Lit%14 TE L iR2E RE iR SE {2
1 1.32 1.69 2.08
2 0.85 1.36 1.70
3 1.22 1.57 1.89
4 0.93 1.48 1.77
5 1.04 1.19 1.58
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Fig. 9 Comparison of output force of massage device
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