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Abstract

In recent years, photoplethysmography (PPG), as a noninvasive physiological signal monitoring
method, has shown great potential in human motion recognition and human-computer interaction
applications due to its high compatibility with wearable devices, signal acquisition accuracy, and
suitability for long-term monitoring. In this study, signals were acquired by a homemade sensing
platform for five fine-grained motions (upward arm extension, downward arm extension, forearm
extension, finger bending, and right hand swing) under three types of coarse-grained motions
( sitting, walking, and jogging) executed by 15 volunteers. An innovative motion recognition clas-
sification algorithm based on ConvLSTM network was proposed and analyzed for the fine-grained
motion signals, revealing that near-infrared light and green light signals have significant advan-
tages in motion recognition applications. The model was evaluated to achieve F1 scores of 0.951
and 0.944 under near-infrared light and green light conditions, respectively, demonstrating high
recognition accuracy and reliability. In addition, a negative correlation was found between the in-
tensity of coarse-grained motion and the signal classification effect, suggesting that the complexity
of motion may have an impact on the recognition effect. These findings not only confirm the effec-
tiveness of PPG signals in accurate human motion recognition, but also provide strong technical
support for the application of PPG signals to the development of wearable devices, which is of
great guiding significance in promoting the innovation and development in the fields of human
motion science, human-computer interaction and health management.
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Figure 1. Design of fine-grained motion dataset based on coarse-grained
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Figure 2. (a) Right hand swing; (b) forearm extension; (c) finger bending;
(d) downward arm extension; (e) upward arm extension

2.(a) BEF; Ob) #DE; () TFHE; () T™HE; () LHE

DOI: 10.12677/mo0s.2024.133357 3926 RS () 3T


https://doi.org/10.12677/mos.2024.133357

A 45

Table 1. Collection details of the dataset
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Figure 3. Demonstration of wavelet denoising effect
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Figure 4. (a) LSTM cell unit structure; (b) Schematic of ConvLSTM model structure classification
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Figure 5. Classification results of fine-grained motions at different wavelength signals: (a) bar chart; (b) line graph
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Figure 6. Two sets of independent measurements corresponding to the classification confusion matrix of the ConvLSTM
model in the sitting state (a) and (b)
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Figure 7. Bar chart of classification results of fine-grained motion signals based
on coarse-grained
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