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The increasing need for wearable health monitoring gadgets has led to the development of better antenna
technology for reliable wireless communication in small, wearable designs. This paper introduces a new way
to create a wearable Multiple-Input Multiple-Output (MIMO) antenna specifically for health monitoring.
Working at the sub 6 GHz frequency, this antenna allows fast data transfer and effective communication
between wearable devices and healthcare systems. The selection of polylactic acid (PLA) as the substrate
material offers several advantages for wearable applications. PLA boasts superior flexibility, simplifies the
fabrication process, and ensures compatibility with the form factor of wearable devices. The antenna’s con-
struction involves meticulous steps like resin preparation, extrusion, and surface treatments to achieve the
desired dimensions and optimize its performance. The uniqueness of this work lies in  of developing a
smaller-sized (29x19mm?2) antenna to improve signal reception with -45 dB isolation between the antennas
and ensure dependable wireless communication. Through meticulous testing and model construction, the
antenna design is refined by incorporating additional antenna components to enhance signal quality, miti-
gate issues, and optimize overall system performance.
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1. INTRODUCTION

Fueled by the rising demand for wearable health
monitoring devices, advancements in antenna technolo-
gies are paving the way for reliable wireless communi-
cation within compact, user-worn form factors. In this
evolving landscape, Multiple-Input Multiple-Output
(MIMO) antennas have emerged as a pivotal solution,
facilitating seamless data exchange between wearable
devices and healthcare systems. This review delves into
significant studies, each offering valuable insights into
the design and application of MIMO antennas for health
monitoring.

Existing research showcases diverse antenna config-
urations, including textile-based antennas for comfort
and flexibility ([1]), tri-band belt strap antennas for
adaptability in IoMT applications ([2]), and wide-band-
width all-textile PIFAs addressing bandwidth limita-
tions in WLAN scenarios ([3]). Additionally, studies ex-
plore self-decoupled dual-band PIFAs specifically tai-
lored for Wi-Fi 6E smart watch MIMO applications ([4]),
compact antennas with high-impedance surfaces for
wearable ([5]), and dual-band wearable MIMO antennas
for Wi-Fi sensing ([6]). Furthermore, research in [7] ex-
plores polarization conversion meta surfaces MIMO an-
tennas for biomedical applications, while [8,9,10] fo-
cuses on enhancing isolation in compact textile MIMO
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antennas [11, 12] for interference reduction using T
stubs on ground plane which is suitable for diverse wire-
less telecommunication and medical applications.

Examining these studies reveals a diverse range of
antenna parameters, reflecting the multifaceted nature
of MIMO technology. Operating frequencies vary from
5.2 GHz to cater to specific healthcare communication
needs, with some studies exploring dual-band and tri-
band configurations. To enhance performance, polariza-
tion strategies such as dual-polarized and circular high-
impedance surfaces are employed. Gain, a crucial indi-
cator of signal strength, varies based on the antenna de-
sign, while bandwidth considerations address the chal-
lenge of accommodating high data transmission rates.
Applications for these MIMO antennas encompass di-
verse areas, including medical wearable monitoring sys-
tems, IoT, WLAN, smart watch MIMO, wearable, Wi-Fi
sensing, biomedical applications, and general wireless
telecommunication and medical uses.

Common methodologies employed in the develop-
ment of these antennas include the utilization of ad-
vanced materials like textiles for flexibility and comfort,
3D printing for precise and flexible fabrication, and the
integration of MIMO technology to enhance signal diver-
sity and reliability. Additionally, techniques such as cir-
cular high-impedance surfaces, metasurfaces, and isola-
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tion enhancement slots are explored for further perfor-
mance improvements.

Collectively, these studies highlight the ongoing ef-
fort to strike a balance between achieving optimal an-
tenna performance and ensuring user comfort within
wearable form factors. Key challenges identified include
miniaturization without compromising performance, po-
tential detuning effects due to the human body's prox-
imity to the antenna, and the need for extensive real-
world testing to validate antenna reliability in various
usage scenarios.

To address these limitations, a novel and advanced
wearable MIMO antenna system is proposed for health
monitoring applications. This system aims to provide a
user-friendly and wireless solution that prioritizes com-
fort, mobility, and reliable communication. The MIMO
antenna, specifically designed for integration into wear-
able devices, facilitates continuous and unobtrusive
health monitoring. Operating at the sub 6 GHz fre-
quency range, the proposed system offers advantages
such as high data transmission rates, low interference,
and compatibility with existing wireless protocols used
in healthcare settings. Polylactic acid (PLA) is chosen as
the substrate material due to its biodegradability, flexi-
bility, ease of processing, and compatibility with weara-
ble [13]. The MIMO antenna design incorporates strate-
gically placed multiple antenna elements on the weara-
ble device, enabling improved signal diversity, reduced
interference, and enhanced overall system performance.
By leveraging the benefits of MIMO technology, the pro-
posed system aims to overcome challenges related to sig-
nal fading, multipath propagation, and interference, ul-
timately resulting in reliable and accurate wireless com-
munication between the wearable device and healthcare
systems.

This combined approach, encompassing a review of
existing research and the introduction of a novel solu-
tion, aims to contribute to the advancement of wearable
MIMO antennas for improved healthcare communica-
tion and patient monitoring capabilities.

2. PROPOSED MIMO ANTENNA DESIGN

The proposed system utilizes polylactic acid (PLA) as
the substrate material for the antenna. The mimo an-
tenna was designed using conventional patch. The fab-
rication process involves converting PLA into a sheet us-
ing polymerization and refining techniques. This sheet
is then extruded to achieve the desired dimensions and
characteristics. Further processing techniques, such as
trimming, cutting, and optional surface treatment, are
employed to shape the PLA sheet into an optimized an-
tenna structure. The dielectric constant of PLA material
is 2.7 used in this work with thickness of Imm and loss
tangent of 0.009.

The conventional patch antenna design is followed
for designing a mimo antenna for 3.5 GHz frequency (5G
application) with dimension of 29 x 19 mm?2. The design
equations of patch width ‘w’ and patch length ‘L’, in-
volved are provided in equation from 1 to 3 [14].
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Here, the speed of the light is represented by ‘¢ and
dielectric constant of the substrate is represented by ‘e/,
where (er = 2.7). AL is effective length and the eefis ef-
fective dielectric constant.
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Fig. 1 - Structure of the Simulated MIMO Antenna (a) front
view (b) back view

The above designed antenna is placed above the PLA
substrate material with the separation of 15.8 mm
which is equivalent to (4¢/4) for making an MIMO an-
tenna.

For isolation between antennas slots were intro-
duced at the ground plane in between MIMO antenna.
This MIMO antenna structure is simulated using HFSS
tool and the performances were analyzed.

3. RESULTS AND DISCUSSION

The simulation of the proposed MIMO antenna
structure is discussed in this section. In Fig. 2, the s11
and Si12 parameters are shown. It is evident from the Fig
2 that the designed antenna resonates around 3.5 GHz
frequency. The Si2 shows nearly — 45 dB which exhibits
good isolation between the antennas.

For further evidence, current distribution was ana-
lyzed in the simulation which is shown in Fig. 3. when
the first antenna excited the current distribution of the
second antenna were not influenced much and vice
versa.

For the purpose of validating the analysis, the sug-
gested SIW filter has been simulated, made, and tested.

In Fig. 4, the radiation pattern of proposed MIMO
antenna was presented in E and H plane. The field pat-
terns were obtained as similar as convention radiation
pattern. Each simulated single antenna contributes 4.18
dB gain which is desirable for wearable 5G applications.

04019-2



WEARABLE MIMO ANTENNA FOR HEALTH MONITORING APPLICATIONS...

104 . .

-20

S parameters(dB)

-30 4

-40

-50 T T T T T
2.0 25 3.0 3.5 4.0

Freuency(GHz)

Fig. 2 — Simulated S parameter of MIMO antenna
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Fig. 3 — Current distribution of MIMO antenna

Fig. 4 — Radiation pattern ¢= 0 and ¢ =90

The simulated antenna is fabricated and measured
using vector network analyzer (VNA) which is given in
Fig. 5 and Fig. 6.

The measured frequency response of the antenna
structure results reveal that frequency operates from
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Table 1 - Performance comparison of proposed design with ex-
isting wearable MIMO antenna

Ref. Substrate |Isolation |Bandwidth [Size |No of
(dB) (mm?) |ant
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[16] FR4 > 30 3.4-3.6 GHz |40 x 40|2
[prop PLA > 40 3.2 to 3.55 29 x 19(2
work]
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in this article. This structure operated from 2.9 to
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IToprarusua MIMO-anTeHna aj1a 104aTKiB MOHITOPUHTY 300POB’
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3pocraroua morpeda B rajKerax JJisi MOHITOPHHTY 3I0POB’sl, SIKI MOYKHA HOCHUTH, IIPU3BEJIA JI0 PO3POOKH
Kpairol TeXHOJIOrl aHTeHH JJIs HaJlfHOTo 0e3IpOTOBOT0 3B’ SI3KY B HEBEJIMKHUX KOHCTPYKIIIAX, K1 MOKHA HO-
cuTu. Y 1IhOMY JIOKYMEHTI [IPeJICTABJIEHO HOBUH CIOCIO CTBOPEHHS HOCHMOI AHTEHH 3 KLJIPKOMA BXOJaMU Ta
kinbpkoma Buxomamvu (MIMO) crmeriayibHO A1 MOHITOPHHTY 310poB’s. [Iparioroun Ha vacrori Hmxde 6 [T,
17 aHTeHa 3abe3nedye MIBUKY IIepeIady JaHUX 1 eeKTUBHUM 3B SI30K MIsK HOCUMUMU IIPUCTPOSIMU Ta CHC-
TeMaMHU 0XOPOHU 30poB . Bubip momiMosounoi kucsiotr (PLA) sk MaTepiaiy makIagky gae KIbKA ITepeBar
1uist HocliB. PLA Moske ITOXBaJIMTHCA HAO3BUYANHOI FHYYKICTIO, CIIPOIILyE IIPOIleC BUTOTOBJIEHHA Ta 3a0e3lie-
qye CyMICHICTD 13 hopM-haKkTOpoM HOCHMHUX HPHUCTPOIiB. KoHCTPYKINA aHTeHM mependadae peTesbHI KPOKH,
TaKl K IIATOTOBKA CMOJIH, €KCTPY3id Ta 00po0Ka IMOBEPXHI IS JOCATHEeHHS 0aaHNX PO3MIpPIB 1 ONTUMIi3alril
I IPOLYKTUBHOCTI. YHIKAJIBHICTS I1iel poOOTH mosIsirae B po3poOlll aHTeHU MeHIIoro poamipy (29 x 19 mm?2)
VIS TIOKPAIIEHHSA IIPUIAOMY CUTHAJY 3 130J1A1ieI0 — 45 1B Misk anTeHaMu Ta 3a0e3leUYeHHs HAMIMHOTO 6eas-
POTOBOTO 3B’sI3Ky. 3aBISIKM PETEJIbHOMY TECTYBAHHIO TA KOHCTPYIOBAHHIO MOJEJIl KOHCTPYKIlS aHTeHu OyJia
BJIOCKOHAJIEHA IIJISXOM BKJIIOYEHHS J0JaTKOBUX KOMIIOHEHTIB AQHTEHU JJIs [TOKPAIIEHHS SIKOCTI CUTHAJLY,
OM’ SIKIITEHHS IIPO0OJIeM 1 OIITUMi3arrii 3araJIbHOI IIPOYKTHBHOCT CHCTEMH.

Kmouori crosa: MIMO, PolyLactic Acid(PLA), I[Topratusaa aumrera, MouiTopusr 310pos’st, ['HydKicTb.

04019-4


https://doi.org/10.1109/IBCAST54850.2022.9990453
https://doi.org/10.1109/IBCAST54850.2022.9990453
https://doi.org/10.1109/IBCAST54850.2022.9990453
https://doi.org/10.1109/TAP.2017.2773465
https://doi.org/10.1109/TAP.2017.2773465
https://doi.org/10.3390/s22239257
https://doi.org/10.3390/bios13010073
https://doi.org/10.13052/2022.ACES.J.370503
https://doi.org/10.13052/2022.ACES.J.370503
https://doi.org/10.1080/00405000.2020.1862492
https://doi.org/10.1080/00405000.2020.1862492
https://doi.org/10.1017/S1759078722000332
https://doi.org/10.1017/S1759078722000332
https://doi.org/10.1109/TAP.2022.3230550
https://doi.org/10.1109/TAP.2022.3230550
https://doi.org/10.1016/j.mtelec.2023.100049
https://doi.org/10.1038/s41598-021-01326-y
https://doi.org/10.1007/s11277-023-10430-3
https://doi.org/10.1007/s11277-023-10430-3
https://doi.org/10.1080/03772063.2021.1926345

