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A Study of Posture Estimation and Respiratory Rate Measurement on Bed Using Microwave Sensor
Kei NAKAMURA

In this study, an integrated system using microwave, thermopile array, and Time-of-Flight (ToF) sensors was
investigated for posture estimation and respiratory rate measurement, aiming to reduce the burden of monitoring tasks in
care facilities. As a result, sitting and absence were correctly identified, but all lying postures were misclassified as sitting.
This suggests that dependence on image-based features and insufficient training data were contributing factors to the
accuracy degradation. In contrast, in respiratory rate measurement, although the signal amplitude in the prone position

attenuated to approximately half that of the supine position, FFT analysis enabled accurate calculation of respiratory rates

matching the set value across all postures.
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Fig.2 Experimental setups and subject postures.
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Fig.3 Time-series changes in ground truth and predicted postures.
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Table 1 Recall, Precision, and F1-score for each class.

Posture Recall Precision  Fl-score
Lying 0.00 0.00 0.00
Sitting 0.86 0.47 0.61

Absence 0.52 0. 60 0.56

Note: Recall measures the ability to find all positive
instances; Precision indicates the accuracy of
positive predictions; and Fl-score is the harmonic

mean of both metrics.
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Fig.4 Filtered waveforms for each posture.
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Table 2 Results of filtered waveforms for each posture.

Posture Max (SE) Min (SE) Range
0.0205 -0.0195

Supine 0.04
(0.00632) (0.00321)
0.0169 -0.0180

Lateral 0.0349
(0.00417) (0.00274)
0.0134 -0.0072

Prone 0.0206
(0.00266) (0.00066)
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Fig.5 Frequency spectra for each posture. (Top: Supine,

Middle: Lateral, Bottom: Prone)

Table 3 Mean peak frequency and converted
respiratory rate (BPM) for each posture.
Respiratory Rate
Mean Peak Frequency
Posture (SE)
(SE) [Hz] .
[breaths/min.]
Supine  0.254 (0.00036) 15.24 (0.0216)
Lateral  0.256 (0.00027) 15.36 (0.0162)
Prone  0.252 (0.00085) 15.12 (0.0507)
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