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• Proposed innovative IoMT framework, which harnesses the power of
Radio Frequency (RF) sensing and Software Defined Radio (SDR) tech-
nology to provide an early and contactless diagnosis of respiratory ab-
normalities, including sleep apnea. This system is designed with the
patient’s comfort in mind, eliminating the need for invasive sensors or
tethered devices.

• To Ensure the accuracy and reliability of the data, we employ ad-
vanced signal-processing algorithms. These algorithms refine the raw
data, eliminating noise and artifacts, thereby enhancing the accuracy
of respiratory rate measurements.

• The proposed approach is the implementation of a deep learning frame-
work, specifically designed for classifying respiratory patterns. In com-
parative analyses, this framework consistently outperforms conventional
machine learning models, highlighting its effectiveness and potential to
revolutionize respiratory health monitoring.
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Abstract

The escalating demand for biomedical systems that can precisely diagnose
and manage critical diseases underscores the need for innovative solutions.
A non-invasive and intelligent Internet of Medical Things (IoMT) system
emerges as a promising technology, potentially enabling physicians to assess
patients with reduced health risks. The respiratory rate is a pivotal vital
sign among the primary clinical assessments. The allure of Radio Frequency
(RF) sensing lies in its ability to monitor respiratory patterns without direct
contact. However, the practical implementation of such systems often ne-
cessitates supplementary hardware to manage the extensive data and radio
functionalities, leading to concerns related to cost and feasibility. Software-
Defined Radio (SDR) technology presents itself as a viable solution to these
challenges. This research introduces a comprehensive framework for the
IoMT system, aiming to diagnose respiratory abnormalities early through
RF sensing and SDR technology. We employ a deep learning framework
and compare its performance with traditional machine learning models to
ensure reliable and precise classification of respiratory abnormalities. The
achieved results underscore the superiority of deep learning frameworks over
conventional machine learning models in classifying respiratory anomalies.
Specifically, the deep learning framework exhibits exceptional performance
in discerning the temporal dependencies and patterns inherent in respira-
tory abnormalities, achieving an average accuracy exceeding 98% for each
respiratory abnormality classification.
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1. Introduction

Within the vast expanse of Internet of Things (IoT) applications, redthe
Internet of Medical Things (IoMT) emerges as a particularly transformative
force in healthcare [1, 2]. By integrating sensors, devices, and data analyt-
ics, the IoMT promises to revolutionize patient care, streamline healthcare
operations, and elevate the overall quality of medical services. Central to
the success of IoMT is its capability for information fusion, which amalga-
mates data from diverse sources to ensure comprehensive, real-time patient
monitoring [3] [4]. This fusion of information is not just a technological ad-
vancement; it represents a paradigm shift in how healthcare can be delivered,
monitored, and optimized. Respiratory health, a critical part of overall well-
being, offers a window into the broader implications of such advancements.
Alterations in respiratory patterns can be indicative of a wide range of health
issues, from mild conditions like allergies to severe disorders such as asthma,
COPD, lung cancer, and sleep apnea, which is characterized by intermit-
tent cessation of breathing during sleep [5, 6]. Environmental exposure to
smoke, pollution, and allergens can also lead to abnormal respiratory pat-
terns. Early detection and monitoring of these patterns are crucial not only
for effective treatment but also for enhancing the quality of life for affected
individuals. Existing technologies, including pulse oximeters, spirometers,
and peak flow meters, have undeniably advanced the field [7, 8, 9]. However,
they come with inherent challenges. Issues related to accuracy, patient dis-
comfort due to invasive methods, limited mobility due to tethered devices,
and the constraints of remote monitoring are some of the pressing concerns
that the current landscape faces [10]. Addressing these challenges requires
a novel approach that combines cutting-edge technology with the unique re-
quirements of respiratory health monitoring. In this research, we present
such an approach by integrating software-defined radio (SDR) technology
with RF sensing within the IoMT framework. This integration is not merely
a technological amalgamation, but represents a paradigm shift in the way
respiratory health can be monitored. By offering a contactless, precise, and
intelligent monitoring system, we aim to overcome the limitations of existing
technologies. The employment of deep learning techniques further accentu-
ates the system’s diagnostic capabilities, offering a distinctive, data-driven
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perspective in the field of respiratory health monitoring [11, 12]. redOur
contributions to this field are multifaceted.

• At the forefront is the proposed innovative IoMT framework, which
harnesses the power of RF sensing and SDR technology to provide
early and contactless diagnosis of respiratory abnormalities, including
sleep apnea. This system is designed with the patient’s comfort in
mind, eliminating the need for invasive sensors or tethered devices.

• To ensure the accuracy and reliability of the data, we employ advanced
signal-processing algorithms. These algorithms refine the raw data,
eliminating noise and artifacts thereby enhancing the accuracy of res-
piratory rate measurements.

• The proposed approach is the implementation of a deep learning frame-
work, specifically designed for classifying respiratory patterns. In com-
parative analyses, this framework consistently outperforms conventional
machine learning models, highlighting its effectiveness and potential to
revolutionize respiratory health monitoring.

redThe proposed research explores the combination of IoMT, SDR tech-
nology, and deep learning, and its potential to transform healthcare [13, 14].
By addressing gaps in the current literature and introducing a flexible, scal-
able, and efficient framework, we aim to establish a new benchmark for IoMT-
based healthcare solutions, with a focus on respiratory health. This synergy
has the potential to improve patient outcomes and contribute to the advance-
ment of the healthcare industry.

The paper is organized into five sections. Section 2 discusses the avail-
able techniques for the intelligent diagnosis of health disorders using SDR
technology and RF sensing, and deep learning for building a platform. In
Section 3, the methods and materials are presented to develop an intelligent
and contactless diagnosis of respiratory abnormalities. Section 4 involves the
analysis of the results and a discussion on the performance evaluation of the
classification accuracy of respiratory abnormalities using deep learning and
machine learning models. Finally, Section 5 concludes the paper and presents
future recommendations for the developed system, along with suggestions to
improve it in the future.
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2. Related Work

The significance of diagnosing respiratory abnormalities is paramount,
given the prevalence and potential severity of associated conditions. Exten-
sive research has been dedicated to using RF signals and SDR technology for
the intelligent classification of health disorders. In [15], an SDR-based system
was introduced for human activity recognition (HAR). This system, marked
by its flexibility and scalability, showcased the potential of SDR technology
in sensing human health disorders. Furthermore, [16] demonstrated the de-
tection of hand movements using RF sensing and SDR technology, while [17]
expanded the scope to detect both small-scale movements (such as breathing
and coughing) and large-scale movements (hand movements).

The versatility of SDR technology was further highlighted by [18], which
introduced a contactless through-the-walls (TTW) smart sensing system to
monitor human physical activity during isolation. Their approach, which
utilized fine-grained wireless channel state information data, achieved a clas-
sification accuracy of 99.7% for various physical activities using machine
learning models. However, such advances were not limited to activity recog-
nition. In [19], postures were detected after spinal cord surgery, achieving a
classification accuracy of 99.6%.

Although these studies undeniably advanced the field, a recurring theme
was the focus on binary classification problems, often distinguishing between
‘normal’and ‘abnormal’states [20]. Such an approach, although effective in
controlled environments, may not be robust enough for real-world applica-
tions with multifaceted data.

The potential of SDR technology in respiratory health was explored by
[21], which achieved a classification accuracy of 99.4% for abnormal respira-
tory patterns. Similarly, [22] introduced a system that could detect Cheyne-
Stokes respiration in patients with heart failure, achieving a diagnostic ac-
curacy of 97%. A significant challenge of the RF detection system is the
accurate monitoring of multiple persons in the same environment. While
[23] presented a system that could achieve a classification accuracy of 99.7%
for a single person, the accuracy dropped to 93.5% and 88.4% for two and
three persons, respectively. This decline in accuracy underscores the com-
plexities introduced when multiple individuals are present in the same envi-
ronment. Factors such as overlapping RF signals, interference, and unique
respiratory patterns of each individual can confound the system, making ac-
curate detection and classification more challenging. Despite these advances,
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a signi�cant limitation persisted: manual design of complex features to train
machine learning models [24]. This not only made model comparisons chal-
lenging due to the lack of standard datasets but also raised concerns about
the applicability of these models to large, real-world datasets.

Deep learning, with its ability to automatically extract features, has re-
cently emerged as a promising solution to these challenges. While Convolu-
tional Neural Networks (CNNs) have been widely adopted for image-based
medical diagnoses [25, 26, 27, 28, 29], their e�cacy in time-series data re-
mains debated [30]. On the other hand, recurring neural networks (RNNs)
have shown promise in learning sequential and temporal features, as evi-
denced by their applications in natural language processing (NLP), audio,
and speech processing [31, 32]. Hybrid models, combining CNNs and RNNs,
have also been explored, especially for video data classi�cation, demonstrat-
ing success in learning both spatial and temporal features [33].

Recent studies have also explored deep learning for biomedical diagno-
sis based on audio data. For example, [34] used a chest mounted sensor to
collect audio data from human speech and coughing, which was then clas-
si�ed using a CNN-RNN hybrid model. Similarly, [35] and [36] employed
deep learning models to classify sleep apnea disorders and heart sounds,
respectively. redIn [37], proposes an innovative solution that uses long short-
term memory (LSTM) networks to di�erentiate between apnea and hypopnea
episodes. The research demonstrates the model's e�ectiveness in classifying
episodes and estimating the respiratory event index. This o�ers a promis-
ing alternative to traditional diagnostic methods. The deep learning model's
performance is signi�cant and has shown valuable contributions to medical
applications.

In summary, while signi�cant advances have been made in the domain of
RF signal-based sensing and SDR technology for the classi�cation of health
disorders, gaps persist. The prevalent focus on binary classi�cation and the
manual feature crafting in machine learning models highlight the need for
more robust, automated solutions. Our research, as delineated in the intro-
duction, aims to bridge these gaps, o�ering our contribution by integrating
IoMT, SDR technology, and deep learning for a comprehensive solution to
respiratory health monitoring.
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3. Materials and Methods

The IoMT framework uses RF sensing and SDR technology to detect and
classify respiratory abnormalities through four processing units: respiration
abnormalities time series data collection, signal processing, classi�cation, and
internet gateway.

3.1. Data collection

The RF sensing platform, leveraging SDR technology, facilitates non-
invasive data acquisition pertaining to respiratory anomalies, as depicted in
Figure 1. This platform combines a universal software radio peripheral de-
vice (USRP), a computer laptop, and a pair of directional antennas. The
USRP device is responsible for delineating radio functionalities, which are
orchestrated via a proprietary code developed within the LabVIEW software
environment housed on the laptop. Parameters such as operating frequency,
sampling rate, and antenna gain are meticulously de�ned within this soft-
ware. Directional antennas play a pivotal role in both the transmission and
reception of electromagnetic (EM) waves, thus evaluating the wireless chan-
nel state information (WCSI) at the receiving end. WCSI provides invaluable
information on the wireless channel. The presence of a human within this
channel invariably results in a distinctive channel frequency response (CFR)
due to macro-movements like hand and leg motions, and micro-movements
such as those of the chest and abdomen. For the purposes of this research,
the focus is predominantly on micro-movements associated with respiratory
anomalies, all of which are meticulously extracted within a controlled labo-
ratory setting.

The study encompasses data from four distinct respiratory patterns: Eu-
pnea (standard relaxed breathing), Bradypnea (decelerated breathing rate),
Tachypnea (accelerated breathing rate), and Sleep Apnea (a sleep disorder
characterized by intermittent cessation of breathing). The data set is en-
riched by incorporating subjects from diverse demographics of age. Before
data acquisition, each participant undergoes a comprehensive orientation
through a video demonstration. It is imperative to note that the data acquisi-
tion platform has no adverse implications on human health. All experimental
procedures are initiated after securing both verbal and written consent from
the participants. A detailed description of the real-time experimental setup
for data acquisition is available in Figure 2. The complete details of the data
acquisition are tabulated in Table 1.
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Figure 1: Data collection using SDR technology-based RF sensing.

Figure 2: Real-time experimental setup.

3.2. Data prepossessing

Data preprocessing is a pivotal phase in extracting subjective informa-
tion from the data set. Raw data obtained from the RF sensing platform
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Table 1: Data collection information on respiratory abnormalities

Sr. No Information Quantity/Operating

1 USRP Devices 1

2 Antennas 2

3 Frequency in GHz 4.8

4 Distance between Antennas in Feets 4

5 Height of the Antennas in Feets 1.5

6 Sampling Rate (S/s) 200

7 Samples 12000

8 Laptops 1

9 Subjects 25

10 Total Experiments 100

11 Total subcarriers 256

12 Selected subcarriers 146

13 Activity duration in seconds 60

14 Number of activities 4

15 Each activity records 3650

16 Total number of records 14600

are loaded with extraneous channel information, which can obscure the de-
sired trends of respiratory abnormalities, potentially leading to erroneous
diagnostic information. Hence, rigorous data preprocessing is indispensable
for extracting salient information from the dataset. This study employs a
comprehensive preprocessing regimen that includes cleaning, selection of sub-
carriers, smoothing, and normalization, as shown in Figure 3.

3.2.1. Denoising
Denoising is executed using the discrete wavelet transform (DWT). The

data received from the RF sensing system are often marred by high-level im-
pulses and extraneous signal bursts. Conventional denoising methodologies,
such as low-pass �lters (LPF) and median �lters (MF), exhibit suboptimal
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