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Abstract

This research focused on the development of wireless telemetry system that can monitor heart rates of multiple rehabilitation patients in real
time without constraint. The whole system consists of the multiple patient’s side devices (PSDs) and one central monitoring system (CMS).
The PSD consists of a microphone, amplifier, filter, microcontroller, and RF (Radio Frequency) modem. In addition, the PSD was designed
to be wearable and low power consumption. The CMS consists of an RF modem and general PC and it was designed to monitor heart rates
from multiple patients simultaneously. The system warns an alarm signal when a patient’s heart rate exceeds the pre-set range for each

patient. This system can be useful to monitor the heart rate of exercising rehabilitation patients and control the patients condition and the
exercising level.
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Fig. 1. The concept of a muitichannel unconstrained heart rate monitoring
system for exercised rehabilitation patients
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Fig, 2, Block diagram of the PSD
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Table 1, Command list for channel setting
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Table 2. Command list for data transmission
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Table 3. Example of RF communication protocol from CMS to PSD

CMS Transmit
AA: BB( 01] 03] 3x: 3x| EE
AABBO1 (OP Code)
or | AA: BB|| 01| 03| 3x: 3x|| FF
l 03 (Length of data)
. 3x3x {ID No.)
. PSD receive ex) 3037 =D 7
3x: 3x| EE
EE (Normal tail)
3x: 3x| FF FF (Alarm tail)
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e e L >
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Header 2 OxAABB
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Table 4, Example of RF communication protocol from PSD to CMS

PSD Fransmit

AAI BB] 01] 05[] xx | Axi Axi Ax]| EE AABEOT (OP Code)

05 (Length of data)

xx (ID No.)
ex) 07 =ID7

AxAxAX (Heart rate)
ex) ATACA4 = 104

CMS receive

EE {tail)
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Fig. 7. The external appearance of the heart sound signal detector
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Fig. 9. The waveform of heart sound signal after band~pass filtering and 1000
times amplification
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Fig. 8. The waveform of heart sound signal before amplification and filtering
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Fig. 10. The waveform of heart sound signal after 2Hz low-pass filtering for
the signal shown in Figure S
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Fig. 11. The waveform of heart sound signal after comparison for the signal
shown in Figure 10
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Fig. 13. The external appearance of the implemented CMS
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Table 5. The comparison of detected heart rate for reference device
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maiel

89/83 92/89 87/82
male2 78/75 4.00% 86/80 7.50% 94/90 4.44% 79/73 8.21%
maied 76174 2.70% 88/81 8.64% 94/89 5.61% 77172 6.94%
male4 82/80 2.50% 92/86 6.97% 98/94 4.25% 87/81 7.40%
maied 79176 3.94% 88/83 6.02% 93/88 5.68% 82/77 6.49%
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