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The increasing number of patients with cardiovascular and cerebrovascular diseases necessitates accurate monitoring of cardiac
output by measuring and managing various hemodynamic biological parameters such as pulse wave velocity and peripheral blood
flow velocity. The spatial peripheral blood flow velocity (SPBFV) was developed to enhance spatial efficiency by utilizing a compact
arduino board and a magnetoplethysmogram (MPG) and photoplethysmogram (PPG) sensors. Measurement results obtained from the
developed device showed that the median SPBFV for a 49-year-old subject was 25.91 cm/s, approximately 3.01 cm/s lower than the
28.92 cm/s for a 26-year-old female subject, and about 5.59 cm/s lower than the 31.50 cm/s for a 26-year-old male subject. We
developed a wrist-worn SPBFV device that measures novel hemodynamic biomarkers, enabling continuous vascular health monitoring
in daily life.

Keywords : spatial peripheral blood flow velocity (SPBFV), magnetoplethysmogram (MPG) photoplethysmogram (PPG), spatial
pulse wave velocity (SPWYV), cardiovascular system, pulse rate
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Fig. 1. (Color online) (a) Real feature of the wearable clip type MPG
apparatus. (b) Real feature for contact silicon of measuring part. (c)
Magnetic field intensity depending on kinds of permanent magnet in
sensing area. (d) Inside part of dual op amp, (e) circuit diagram of
amplifying circuit, and (f) circuit diagram of analog filter.
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Fig. 2. (Color online) (a) Clamp-type PPG sensor that measures the
pulse wave of the finger capillaries. (b) PPG sensor that measures the
pulse wave of the radial artery in the wrist with type C charging of the
case worn on the wrist and power ON/OFF switch of the measuring
device. Actual prototype SPBFV device worn on the side (c) palm
and (d) back of hand.
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Heart rate monitor sensor
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Tp4056 charge module
USBtype C 1A

Arduino 3 pin
slide switch

Fig. 3. (Color online) (a) The ESP 32C3 small arduino board and (b) DF Robot pulse sensor, and (c) lithium polymer battery that make up the
watch-type SPBFV meter, (d) Tp4056 charge module C-type for charging, and (e) slide switch parts for power ON/OFF.
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Fig. 4. (Color online) A schematic diagram of the data being transmitted to the Raspberry Pi 5 server via Wi-Fi using MQTT communication, an

IOT communication method, and displayed on a mobile device.
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Fig. 5. (Color online) Using a wrist-worn spatial peripheral blood flow velocity measurement device (SPBFV), wrist and finger pulse rate (BPM)
and SPBFV are measured in real time through a web-based dashboard implemented in Node-RED, and analysis table example is provided. The 4
step process: (a) User information and hand length input window, (b) real-time HR and SPBFV measurement, (c) analysis paper by BPM and

SPBFYV, and (d) user information and measurement data table.
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Fig. 6. (Color online) Analysis results of SPBFV data measured with a wrist-worn SPBFV measuring device for one 49-year-old man in the non-
risk group for cardiovascular disease and 26-year-old woman and 26-year-old man in the normal group. Number of data: #80 per person,
Measurement period: 10-1-2024 to 11-30-2024.
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