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Abstract

In order to provide a scientific basis for the assessment of knee joint fatigue during exercise and
rehabilitation training, and to prevent secondary joint damage caused by muscle fatigue, a weara-
ble knee joint exercise fatigue monitoring system based on surface electromyography (sEMG) sig-
nals has been developed. By collecting the SEMG signals of the subjects’ quadriceps before and af-
ter fatigue, the empirical mode decomposition method based on sample entropy is used to denoise
them, and the root mean square (RMS), sample entropy (S) and EMG characteristic K-value are
analyzed changes before and after muscle fatigue. The results show that in the process of entering
from a non-fatigue state to a fatigue state, and the degree of fatigue continues to deepen, the RMS
changes gradually; S changes gradually, with a smaller change trend; K changes gradually, which is
more changing than RMS and S obvious; the three characteristic parameters can reflect the state of
muscle fatigue. Among them, the electromyographic characteristic K-value is the best in characte-
rizing the state of muscle fatigue, and the significant difference between before and after muscle
fatigue is the smallest; and the algorithm has a small amount of calculation and real-time perfor-
mance good features, suitable for real-time accurate assessment and early warning of knee joint
fatigue during exercise.
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Figure 1. Overall block diagram of wearable knee joint exercise fatigue monitoring system
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Figure 2. Circuit design of CC1101 wireless transmission module
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Figure 3. Denoising algorithm flow based on sample entropy and EMD
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Figure 4. Physical map of SEMG signal acquisition equipment: (a) Hardware physical map; (b) Whole assembly drawing
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Figure 5. Different exercise muscle fatigue experiment. (a) Full squat repeatedly raises the leg; (b) Sitting posture; (c) Si-
mulated riding damped bikes
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Figure 7. Results before and after fatigue characteristic value for subject
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Figure 8. The variation of time, nonlinear and K-value before and after squat muscle fatigue of 10 subjects: (a) Time domain
characteristic index RMS changes before and after muscle fatigue; (b) The nonlinear characteristic index S changes before
and after fatigue; (c) Changes of K value before and after muscle fatigue
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Figure 9. K-value of 10 subjects before and after muscle fatigue caused by different movements: (a) Change of K-value be-
fore and after muscle fatigue caused by squat; (b) Changes in K-value before and after muscle fatigue caused by repeated leg
lifting under sitting posture; (c) Changes of K-value before and after muscle fatigue caused by simulated cycling damping
bicycle
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Figure 10. The prototype of the overall system
[ 10. RGRITHEEREHL

DOI: 10.12677/sea.2022.115094 927 B TR S N


https://doi.org/10.12677/sea.2022.115094

MR 2%

500 N RAFE SR AR, SRR Y 2000 Hz; FERFREUE R TE L G, AL BEAS BEAT TRAL B 2516k |
FAEETHSAT HMI 5 B oA 55, AR BLHIIA AN BEAT 2df R £, AR AT Bt R A2 1 ] AT B B 1.20 s
I S T A B AR AR CAREE 500 ANULA AR BT RN TR], LR AR R AR . B TR AL A
AHMI R DB SR ES5, 3575 0.98 s I, U1 3 . =4 il (0 Kt SR AR (61 FR g 2 iz s id A v o
JULIE 55 M 00 1 S B 1 75 5K

Table 3. The time consumed by the system for one round of data sampling and processing
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