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Abstract—Real-time monitoring of vital signs using WiFi
signals is emerging as a promising solution for contactless
healthcare applications. In this paper, we introduce RespiSense,
a lightweight and low-latency respiration monitoring platform
built on commercial sub-6 GHz software-defined radio (SDR)
hardware. The platform extracts the most informative delay bins
from the WiFi channel impulse response (CIR) and treats them
as individual observations for tracking the respiratory frequency.
At the core of RespiSense, we implement a low-complexity, high-
accuracy frequency estimation method based on the [ °°-optimal
normalized least mean squares (NLMS) adaptive algorithm.
Unlike conventional estimators that rely on statistical models
or covariance matrices, our approach operates directly on raw
CIR bins in an adaptive manner and achieves rapid convergence
in real-time scenarios. Experimental evaluations with human
subjects demonstrate that RespiSense delivers accurate, real-
time respiration tracking with minimal computational overhead,
making it highly suitable for embedded and resource-constrained
health monitoring systems.

Index Terms—Respiration monitoring, WiFi sensing, Software-
Defined Radio (SDR), Channel Impulse Response (CIR), Adap-
tive frequency estimation, NLMS algorithm.

I. INTRODUCTION

In recent years, contactless human detection and vital signs
monitoring using radio frequency (RF) signals has attracted
growing interest in both academia and industry. Compared to
traditional invasive or cuff-based methods, RF-based remote
sensing offers a non-invasive, privacy-preserving, and flexible
alternative for various health applications, improving quality
of life across a wide range of scenarios. Among all vital signs,
respiration rate monitoring has gained particular attention due
to its clinical and practical significance. Accurate respiratory
monitoring is essential for detecting and managing conditions
such as obstructive sleep apnea, sudden infant death syndrome
(SIDS), chronic obstructive pulmonary disease (COPD), and
assessing sleep quality or driver fatigue [1].

Human breathing causes small, periodic movements, pri-
marily of the chest, which induce subtle variations in the
wireless propagation channel [2]. These variations impact the
phase and amplitude of RF signals, which can be captured
and analyzed in the frequency domain. One emerging solution
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in this context is WiFi-based sensing, which utilizes channel
state information (CSI) or channel impulse response (CIR)
to detect motion-induced variations [3]. By exploiting the
reflections of WiFi signals, this approach allows for accurate
respiration monitoring without any physical contact with the
subject. To implement such WiFi-based sensing systems in
practice, software-defined radios (SDRs) provide a flexible
and accessible platform for real-time signal acquisition and
processing. They offer fine-grained control over low-level
features like CSI and CIR, making them an ideal choice for
prototyping WiFi-based health monitoring applications

Human respiration induces periodic motion, which can be
modeled as a sinusoidal signal with an unknown frequency
(i.e., the respiration rate) and phase [2]. Therefore, accurate
respiration rate monitoring is highly dependent on precise
frequency estimation of WiFi signal reflections. In other
words, the challenge of estimating respiration rate can be
framed as a frequency estimation problem. Estimating the
frequency of a sinusoidal signal is a well-established challenge
in signal processing, commonly approached using either non-
parametric or parametric methods. Non-parametric methods
such as Capon, APES, and IAA (see [4] and references
therein) offer high accuracy by estimating the signal spectrum
directly, but their high computational cost limits real-time
applicability.

On the other hand, parametric methods, particularly
subspace-based techniques, utilize signal models to estimate
parameters more efficiently. As the most prominent ones, mul-
tiple signal classification (MUSIC) [5] and estimation of signal
parameters via rotational invariance techniques (ESPRIT) [6]
deliver high accuracy but involves heavy computations be-
cause of eigenvalue decomposition operation. Alternatively,
frequency-domain parametric methods based on fast Fourier
transform (FFT) interpolation (e.g., [7]) reduce complexity but
often trade off precision.

Motivated by the widespread availability of WiFi and the
growing need for accurate, low-complexity, and real-time
wireless health monitoring solutions, we present a novel
platform for respiration rate tracking with the following key
contributions:

o We introduce RespiSense, a lightweight and efficient

real-time respiration rate monitoring platform built on
commercial SDR hardware within the sub-6 GHz WiFi
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Fig. 1. Ths proposed RespiSense platform architecture.

bands. In contrast to conventional systems requiring
multiple WiFi devices, RespiSense utilizes a monostatic
radar-like configuration, eliminating the need for external
infrastructure and thus simplifying deployment, particu-
larly for embedded applications.

« We propose an adaptive, low-complexity frequency (rate)
estimation method based on the robust H°°-optimal nor-
malized least mean squares (NLMS) algorithm for accu-
rate respiratory rate estimation. Unlike existing methods
that rely on computationally intensive frequency estima-
tion or CIR bins fusion as a pre-processing step, our
method operates directly on raw WiFi CIR bins, treating
each CIR delay bin as an individual observation. This
iterative approach achieves rapid convergence within a
few iterations, enhances both accuracy and robustness,
and maintains linear complexity with respect to model
parameters (i.e., the number of CIR delay bins, time
samples per delay bin, and the number of elements
in the frequency (rate) search set). As a result, the
method simplifies the respiration rate estimation process
while remaining ideal for real-time, resource-constrained
applications.

o« We validate the performance and effectiveness of the
RespiSense platform through real-world experiments
with human subjects, demonstrating its practical appli-
cability in wireless health monitoring. The proposed
method achieves a probability of detection (Pg) of
93.33% and a root mean square error (RMSE) of 1.0252
breaths per minute (BPM). Regarding computational
complexity, for the set platform parameters, the proposed
method requires 1:5 x 10® operations, while the MUSIC
and ESPRIT algorithms require 117 x 10, achieving
approximately 98.7% reduction in computational cost,
which highlights its suitability for real-time applications

In this paper, digital random processes are introduced by
lower case letters such as X,,. Matrices, vectors and scalars
are presented by bold upper case, bold lower case and lower
case letters, respectively. The complex conjugate of a complex
scalar a is denoted by a* and the complex conjugate transpose

of a vector a is denoted by a™. Here ||al| = vaHa stands
for absolute value of complex vector a. For an M x 1 vector

transpose operation. tr(R) is the trace of matrix R.

The paper is organized as follows. Section II summarizes
the related work. In Section III, we introduce the RespiSense
platform and its architecture. Section IV details the proposed
processing method for respiratory rate estimation. Section V
presents the experimental results and provides a performance
comparison. Finally, Section VI concludes the paper.

II. RELATED WORK

Recent advancements in WiFi-based respiration monitoring
has explored various signal processing techniques to estimate
breathing rates. Several works have employed the MUSIC
algorithm combined with methods like time-reversal [8], CSI
phase differences [9], and subspace-based analysis [10] to
track respiration. Multi-person monitoring using Doppler and
direction-of-arrival (DoA) information is also demonstrated in
[1]. In [11], MUSIC is shown to outperform FFT-based ML
estimators. Improvements to FFT-based frequency estimation,
such as iterative interpolation and spectrum leakage suppres-
sion, are proposed in [4], though they require large number of
iterations to converge. Additionally, a monostatic SDR-based
platform operating in WiFi frequency band was presented in
[12], where CIR delay bins were first fused using the method
developed in [13] to enhance accuracy, followed by FFT-based
power spectral density (PSD) based breathing rate estimation.

In contrast, this work introduces a monostatic platform that
leverages a shared transmit-receive clock, thereby eliminat-
ing synchronization errors and ensuring inherently cleaner
sensing performance for respiration monitoring. The proposed
system features a novel frequency estimation algorithm that
delivers high accuracy while maintaining low computational
complexity. Unlike existing methods, it eliminates the need
for CIR bins fusion or computationally intensive processing,
positioning it as an ideal solution for real-time, resource-
constrained wireless health monitoring applications.
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