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Abstract—Electronics and textiles are being increasingly in-
tegrated into e-healthcare, creating textiles that can sense,
communicate, and interact. Medical professionals can remotely
monitor and diagnose patients using long-range (LoRa) wireless
technology leading to efficient communication within Wireless
Body Area Networks. This paper presents the development of a
smart textile-based LoRa system that can monitor the heartbeat
and predict body temperature over long and short distances.
The proposed system consists of a smart textile combined with
a LoRa module and a pair of sensors (photoplethysmography
and body temperature). The proposed digitally embroidered
monopole antenna can be seamlessly integrated into clothing.
Notably, the reflection coefficient analysis of the proposed embroi-
dered textile antenna confirm triple-band operation with wide-
bandwidth characteristics at 433, 610, and 915 MHz. Moreover,
the numerical results reveal that the antenna is not affected by
lossy human body and structural deformations. The fabricated
prototype is combined with the LoRa and sensors, which monitor
the Received Signal Strength Indicator (RSSI), heartbeat, and
temperature data. The data transmission of temperature and
heartbeat at a 915 MHz LoRa frequency demonstrates the
effectiveness in enhancing health monitoring capabilities up to
250 m with RSSI -84 dBm and 433 MHz LoRa frequency up to
350 m with an RSSI of -90 dBm. The Lora technology integrated
with smart textiles offers a wireless solution for wearable devices,
which enhances their functionality and usability in e-healthcare
applications.

Index Terms—Long-range (LoRa) radios, digitally embroi-
dered electronics, Remote health care, Wearable antennas, E-
textiles.

I. INTRODUCTION

The proliferation of Internet of Things (IoT) applications,
including those in smart homes and cities, has resulted in a
substantial increase in the density and scale of networked sen-
sor deployments. Low-power wide-area networks (LPWAN )
have recently gained widespread popularity due to their long-
range capabilities, energy efficiency, and cost-effectiveness.
Consequently, LPWAN is often employed to provide wide-area
connectivity for various static and mobile IoT applications,
such as smart grids, metering, asset tracking, and search
and rescue missions. Table 1 provides an overview of the
characteristics of several wireless technologies used for LP-
WAN applications, including Wi-Fi, ZigBee, Bluetooth, NB-
IoT, and LoRa. Compared to Wi-Fi, ZigBee, and Bluetooth,
long-range (LoRa) wireless technology is the most commonly
used LPWAN technology and is deployed in many countries.
LoRa utilizes proprietary radio modulation technology that

TABLE I
CHARACTERISTICS OF SEVERAL WIRELESS TECHNOLOGIES

Technology | Frequency Data Rate Transmission | Energy Cost
(GHz) Range Consumption
WiFi 2.4 and 5 IMb/s—6.75 | 20-100 m High High
Gb/s
Bluetooth:
Medium
Bluetooth 24 1-24 Mb/s 8-10 m Low
BLE:
Very Low
Zigbee 0.868, 0.915, 20, 40, and 100 m Low Low
and 2.4 250 kbps
NB-IoT License Bands 50 kbps 2 - 20 km Low Low
0.7, 0.8 and 0.9
LoRa 0.433, 0.868, 50 kbps 2 —20 km Low Low
and 0.915

operates in unlicensed frequency bands below 1 GHz, making
it particularly suitable for IoT applications. The operating
frequency of LoRa in the industrial, scientific, and medical
(ISM) bands varies globally. For instance, it operates at 433
MHz and 868 MHz in Europe, 410-441 MHz in China, and
915 MHz in America.

Continuous sensing and monitoring rely heavily on wireless
communication, allowing for real-time health tracking [1]. In
the last decade, WBANs have found extensive applications
in medical monitoring, military uses, sports, and elderly care.
Wearable antennas are indispensable in WBAN systems, as
they enable communication with external or implantable sen-
sors and transmit data to a central unit for on-body or off-body
channel communication (BCC). Designing these antennas re-
quires meticulous attention to structural deformations, specific
absorption rates (SARs), and polarization mismatch, factors in-
fluenced by their proximity to the human body. Consequently,
designing wearable antennas is more challenging compared to
traditional free-space antennas.

Several antenna configurations have been explored for LoRa
bands over the past decade, including microstrips[2], coplanar
waveguides (CPW) [3], and planar inverted F antennas (PIFAs)
[4] but previous studies failed to integrate the proposed anten-
nas with the LoRa module to monitor human body activities. In
another study, a reconfigurable triple-band monopole antenna
for LoRa IoT applications was presented in [6]. However, it
is unsuitable for on-body placement due to fabrication on a
rigid FR-4 substrate, lacking flexibility for wearable antenna



Reference
Antenna

Receiver (433/915 MHz)

[} :I
1 II
| ¢

I
! ! i i
: Microprocessor Feather MO 1 ; Heart Rate Embroidered :
. with RFM69 Packet Radio :I gl Transmitter |
! Arduino Program ‘ ! Temperature textile antenna :
L ! sensor |
1 = 1
8% L 4 N\ ' | Arduino - |
I3 § N II Program Transmitter 1
122 h (433/915 MHz) |
1 S £ :| Adafruit Feather MO |1
(- e " Batteries >} Radio with RFMGQ :
1 A ! Packet Radio .
fm o o o 1 o o o e o o o o om0 1 e o o e s o i o o o o o o

Receiver Side (Rx) Transmitter Side (Tx)

Fig. 1. System Architecture of smart-textile integration with LoRa for IoT

enabled health care applications

applications. Antennas developed on rigid substrates cause
discomfort and interfere with users’ daily activities. In another
study [5], a compact 915 MHz antenna was designed but it
lacked flexibility and SAR evaluation.

II. METHODOLOGY

The seamless integration of conductive thread with textile
substrates results in smart textile antennas for wearable devices
that are flexible, durable, customizable, easy to fabricate,
and attractive. This technology is seamlessly integrated into
clothing, especially in healthcare-oriented LoRa systems com-
prising transmitter and receiver devices. This paper presents
a fully embroidered triple band antenna integrated with LoRa
communication for health care monitoring. Despite their flex-
ibility and comfort, textile antennas possess a low dielectric
constant that can reduce surface wave losses in the antenna.
The embroidery LoRa antenna was simulated and analyzed
using a high-frequency structure simulator software based on
the finite element method. Simulations were conducted with
the antenna placed above a layer of human skin to determine
the effects of bending on antenna performance.

A. System architecture

WBANS are a critical assembly of body sensor nodes that
play a pivotal role in healthcare applications. In this study,
these sensors were strategically positioned on a patient’s body.
The architecture of the proposed healthcare-oriented LoRa
system that leverages smart textiles is divided into two core
components: transmitter and receiver devices, as depicted in
Fig. 1.

B. Design Structure of the Embroidery LoRa Antenna System

The proposed antenna has a compact size of 11.6 cm x 5 cm
x 0.01 cm, achieved by using a meandered-shaped radiating
patch with a defected ground plane on the same surface. The
proposed antenna operates across the frequency bands of 433,
610, and 915 MHz. Tuning and impedance matching in these
bands were achieved by adjusting the length and width of
the meandered lines on the radiating patch and ground cuts.
These lines extend the current path, effectively increasing the
electrical length of the antenna and enabling the creation
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Fig. 2. (a) Antenna geometry (unit: mm), (b) detailed views of the em-
broidered textile antenna, and (c) design evolution of the proposed textile
monopole antennas corresponding simulated reflection coefficient S11.

of a miniaturized antenna. The geometry of the proposed
monopole antenna is presented in Fig. 2(a). The configuration
of the proposed embroidered LoRa antenna system for triple
band operation is visualized in Fig. 2(b). It was digitally
embroidered onto a cotton substrate with a conductive thread
on the patch and ground planes. Furthermore, the proposed
embroidered LoRa antenna was semi-wrapped around the skin
to investigate its performance, as illustrated in Fig. 2(c). The
antenna was designed in four successive steps and a compari-
son of the reflection coefficient S7; for the corresponding steps
is shown in Fig. 2(c).

ITI. RESULT AND ANALYSIS
A. Demonstration of Enabled Real-Time Health Monitoring

To validate the potential integration of the proposed smart
textile antenna with commercially available LoRa sensor
nodes, a LoRa module testbed network was established in a
soccer field of Hanyang University and Achasan Mountain
in, Seoul, South Korea. This network features two LoRa
transmitter sensor nodes that communicate wirelessly with
two LoRa receivers, operating at frequencies of 433 and 915
MHz. The Adafruit Feather MO RFM69HCW Packet Radio,
which incorporated a commercial LoRa module along with the
newly developed smart textile antenna and sensor, underwent
extensive testing at various ranges. The resulting data are
presented in Fig. 3(a) for a 50-m range, 3(b) for ranges of
150 and 250 m, and Fig. 3(c) for a 350-m range.

To evaluate the effect of heart rate (PPG) and temperature
variations on RSSI, we filtered data from the 433 and 915
MHz LoRa modules for matching heart rate and temperature
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Fig. 3. LoRa receiver and transmitter measurements for (a) 50 m in a football
field, (b) 150 and 250 m in the Hanyang University area, and (c) a 350m area
in the Achasan Mountain hiking trail.

values. Our setup measured wireless signal strength relative
to distance from the body using heart rate sensor nodes inter-
connected by LoRa. Fig. 4(a) and 4(b) show signal strength
readings from each sensor node using both 433 and 915 MHz
LoRa with smart textile antennas. The 915 MHz frequency
had a maximum range of 250 m, with slight RSSI differences
compared to 433 MHz. At 50 m, the RSSI was -30 dBm for
433 MHz and -40 dBm for 915 MHz. The 433 MHz LoRa
achieved a 350 m range with an RSSI of -90 dBm, while 915
MHz reached 250 m with an RSSI of -84 dBm. At 150 m,
the RSSI was -46 dBm for 433 MHz and -57 dBm for 915
MHz. Heart rates for 433 and 915 MHz were 68 and 69 BPM,
respectively. Temperature data is shown in Fig. 4(c) and 4(d).

CONCLUSION

This paper proposes a novel smart-textile-based triple-band
antenna operating at 433, 610, and 915 MHz, integrated with
LoRa technology for IoT-enabled healthcare applications. The
system architecture consists of a transmitter device and a
receiver device. The transmitter includes an embroidery textile
antenna (operating at 433 and 915 MHz), an Adafruit Feather
MO microcontroller with LoRa transmitters, and sensors for
measuring physiological parameters like PPG and temperature.
The receiver device features a reference antenna and an
Adafruit Feather MO LoRa microcontroller to receive and dis-
play data on a laptop. Experimental results show effective data
transmission for temperature and heartbeat monitoring up to
250 m at 915 MHz and 350 m at 433 MHz, demonstrating the
potential of LoRa technology in wearable health monitoring
without the need for external rigid antennas.
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Fig. 4. (Real-time continuous monitoring of heartbeat and body temperature
person. (a) Smart Textile LoRa integration heartbeat (433 MHz),(b) Smart Tex-
tile LoRa integration heartbeat (915 MHz), (c) Smart Textile LoRa integration
temperature (433 MHz), (d) Smart Textile LoRa integration temperature (915
MHz).
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