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Abstract
Vital sign monitoring and body composition analysis are

both used for various medical applications. However, there

is a lack of devices capable of conducting continuous vital

sign monitoring and body composition analysis simultane-

ously during daily activities. We present a wearable device

named ’OxBioZ’, capable of performing (i) continuous single-

frequency bioimpedance analysis, (ii) multi-frequency bio-

impedance analysis, (iii) electrocardiography (ECG), and (iv)

inertial measurements. This allows continuous estimation of

cardiac function, respiration analysis and total body water

(TBW) during daily activities without the needs for multi-

ple devices or specialized monitoring protocols. Leveraging

OxBioZ, we collected a comprehensive multi-activity dataset

from 21 participants, totaling over 1000min of synchronized

bioimpedance, motion, and ground-truth physiological mea-

surements. Baseline studies on vital sign estimation and

TBW assessment demonstrate the platform’s feasibility and

provide a benchmark dataset for advancing bioimpedance-

driven wearable health analytics.
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1 Introduction
Continuous monitoring of physiological signals is critical

for diverse domains, ranging from medical diagnostics [7],

chronic disease management [3], and telemedicine [14] to

emergency response [17]. Body composition analysis, which

quantifies parameters such as fat mass, muscle mass, and

total body water (TBW) [12], provides complementary in-

sights into an individual’s health status and functional ca-

pacity. In many high-stakes scenarios—e.g., monitoring fire-

fighters to prevent heat-related injuries—both continuous

vital sign tracking (e.g., heart rate, breathing rate) and body

composition assessment (e.g., TBW) are required simulta-

neously. However, existing solutions typically target either

physiological signal monitoring or body composition estima-

tion, and often rely on bulky, non-wearable systems, limiting

their applicability in daily-life or work environments. More

noninvasive, unobtrusive, and lightweight options include

consumer-grade wearables such as smartwatches [8] and

patches [13], yet they seldom support body composition

analysis alongside continuous vital-sign monitoring.

To address this gap, we present OxBioZ, a wearable, unob-

trusive sensing platform capable of capturing multi-modal

physiological and motion signals in real time. OxBioZ in-

tegrates: (i) continuous single-frequency bioimpedance, (ii)

multi-frequency bioimpedance sweeps, (iii) electrocardiog-

raphy (ECG), and (iv) inertial measurements, enabling both

vital sign analysis and body composition estimation without

the need for multiple devices or special monitoring setups.

Leveraging this platform, we collected a comprehensive

multi-activity dataset from 21 participants, totaling over

1000min of synchronized bioimpedance, inertial, and ground-

truth physiological measurements. We showcase its potential

https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://doi.org/10.1145/3737903.3768566
https://doi.org/10.1145/3737903.3768566


SmartWear ’25, November 4–8, 2025, Hong Kong, China Hou et al.

through baseline evaluations spanning both frequency-based

and sequence-based physiological monitoring, as well as

body composition estimation. These studies validate the fea-

sibility of OxBioZ for a broad spectrum of wearable health

analytics and establish a benchmark resource for future re-

search in bioimpedance-driven sensing.

2 Background
Bioimpedance refers to the electrical properties (resistance

and reactance, specifically) of biological tissue, which can

be measured by applying a known current to a biosample

and recording the voltage drop. The resistance in bioimpe-

dance comes mainly from extracellular and intracellular flu-

ids, while cellular membranes act similarly to capacitors [11].

Different body compositions result in distinct bioimpedance

values, making it a widely used noninvasive method.

Bioimpedancemeasurements are commonly performed us-

ing tetrapolar impedance sensors with one pair of electrodes

for current injection and another pair for the voltage drop

measurement. The separation of injection and measurement

electrode pairs helps to minimise the impact of fluctuating

contact impedance between the electrodes and the skin [18].

Different current frequencies are used for bioimpedance

measurements because tissues and their components (e.g.,

cells and fluids) respond differently to varying frequencies [12].

Bioimpedance can be used to estimate TBW as an indicator

of hydration [15]. This method is based on the concept that

body tissue can be modeled as an electrical circuit consisting

of resistances and capacitance [10]. It has been validated to be

as accurate as blood sampling techniques in measuring acute

hydration changes [9]. Current medical-grade bioimpedance

analysers normally use eight electrodes on ankles and wrists,

which requires a complex setup and cannot be measured

continuously in real-time.

Wearable hydration monitoring devices on the market

use, e.g., hand-to-hand bioimpedance via wristbands to es-

timate body water levels [1], though this method requires

manual contact for 30 seconds and cannot support real-time

or activity-based monitoring.

3 Hardware
We place the electronic components for acquiring, process-

ing, and transmitting the biosignal data on a series of printed

circuit boards (PCBs), see Figure 1. All PCBs are small, mea-

suring only 37mm × 22�5mm or less. This form factor allows

the electronics to be worn unobtrusively.

3.1 Data Collection System
The first PCB comprises the electronics necessary for bioim-

pedance data acquisition. The bioimpedance analog front-

end (BioZ AFE) is a low-power Analog Devices MAX30009

Figure 1: Trunk-facing side of measurement belt.

integrated circuit (IC). It measures 2mm × 2mm. In addi-

tion to its small form factor, its low power consumption of

about 250 µW renders it particularly suitable for a wearable,

battery-powered device. Four electrodes are wired to the data

acquisition PCB. The two outer electrodes are connected to

an AC current source that is part of the MAX30009. They ap-

ply a sinusoidal stimulation current with a root-mean-square

(RMS) value of up to 1mA and a frequency of 51 200 kHz in

regular intervals. The two inner electrodes are connected to

the analog front end of the MAX30009 IC. The signals are

high-pass filtered and amplified using an instrumentation

amplifier. Since the measurements are done for AC stimula-

tion signals, the measurement signals are differential signals

and require the removal of DC and low-frequency AC signals.

A demodulator splits the signals from the two measurement

electrodes into a real and an imaginary (I and Q) signal to

facilitate the measurement of the complex impedance. The

same process also down-converts the signal frequency to

DC. These analog DC signals are then sampled and digitised

by a 20-bit analog-to-digital converter (ADC) for the I and Q

signal, respectively. Their sampling frequency is 200Hz. For

a stimulation current with a given amplitude, the measured

DC voltage is proportional to the real and imaginary part of

the bioimpedance, respectively. Before data acquisition, we

calibrate the AFE using an on-board resistor. We use a single

resistor to calibrate both, the I and the Q channel. We first

programmatically connect it to the I channel and then to the

Q channel. For each channel, we estimate a fixed offset as

well as scaling coefficients for the magnitude and phase.

The BioZ AFE PCB is connected to a second PCB, see Fig-

ure 1, which has a microcontroller (MCU) that schedules the

data acquisition and transmission. The BioZ AFE connects

to the MCU via a Serial Peripheral Interface (SPI). The MCU

buffers the measurement data and sends it in real-time via a

Bluetooth
®
Low Energy (BLE) connection to a PC.

A rechargeable lithium-ion polymer battery powers both

aforementioned PCBs. It is permanently connected to a PCB
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