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Abstract. The antenna is designed using foam substrate with dimension of 33.30x35.96x1.6 mm? operates from
3.310 5.2 GHz, covering 5G sub-6 GHz NR bands N77 (3.3—4.2 GHz), N78 (3.3-3.8 GHz), and N79 (4.4-5 GHz)
with a bandwidth (BW) of 1900 MHz and S11of —40.59 dB at 4.45 GHz. SAR analysis, using a three-layer body
phantom, measures electromagnetic energy absorption by human tissues over 1 g and 10 g, meeting international
SAR standards (1.6 W/kg for 1 g, 2 W/kg for 10 g). Results show the antenna maintains efficient radiation across
the 5G spectrum while adhering to safety limits.
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MNEHOHAINMOJIHEHHASI HOCUMAS MUKPOITOJIOCKOBASI AHTEHHA C YACTUYHBIM
3A3EMJIEHUEM /IJIS1 BECITPOBOAHBIX 5G TPUJIOKEHUHA
Cyxac Paocaxe6 Kanel, Iunak Manaypanr Matuan?, Axunem Kyma®

YUncmumym mexnonoauii u uccnedoeamensciuti Llenmp Canoun
2Hnemumym unocenepuu u menedxcmenma Canoun
Hawux, Unousa

AnHoTanusi. AHTeHHa pa3paboTaHa Ha meHoMmarepmaie ¢ pasmepamu 33,30%35,96x1,6 mm® u paboTaer B
nmuanasone ot 3,3 mo 5,2 I'T'u, oxBateiBas cy0-6 I'T'it NR-nmuamnazonst SG: N77 (3,3—4,2 I'T'r), N78 (3,3-3,8 I'T')
u N79 (4,4-5 I'T) ¢ nonocoii nponyckanust (BW) 1900 MI'u u koaddurmenrom orpaxenust S11 Ha ypoBHe
—40,59 nb npu 4,45 TTu. Ananu3 SAR, BBINONHEHHBIH C HCIOJIB30BAHMEM TpPEXCIOHOro (aHTOMa Tena,
U3MepseT NOIJIOMICHHE AJIEKTPOMArHUTHON DHEPrHM TKaHsSMH uelioBeka Ha 1 r u 10 r, 4TO COOTBETCTBYET
MexayHapoaHbM ctangapTam SAR (1,6 Br/kr st 1 ru 2 Br/kr st 10 r). Pe3ynbraThl mokassIBaroT, 4TO aHTEHHA
coxpassieT 23QeKkTHBHOE U3IIyueHue B criekTpe SG, COOTBETCTBYSI HOpMATHBAaM 0€30I1aCHOCTH.

KaloueBbie cioBa: OecripoBopHast cBsizb 5G, NMeHOMaTepHal, HOCHMas aHTEHHA, YAENbHBbINH KodddurmeHt
norionierust (SAR).
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Introduction. Wearable technology is highly
popular, driving demand for wearable antennas in
items like jackets, watches, and GPS shoes. These an-
tennas support health monitoring, navigation, RFID,
military, and safety applications. 5G technology en-
hances these devices with high speed, low latency,
and stability [1].

Arpan Desai et al. [2] presented a transparent,
flexible patch antenna on a polyethylene terephthalate
substrate with Silver Tin Oxide (AgHT-8), measuring
0.48)\ x 0.64) at 4.28 GHz. It provides 40 % band-
width (3.89 to 5.9 GHz), over 3 dBi gain, and 80 %
efficiency, suitable for sub-6 GHz 5G and WLAN.
Zhen Yu et al. [3] designed a flexible, dual-band rec-
tangular patch antenna with a semi-circular gap
(44%x40x0.2 mm) on polyimide, ideal for ISM, 4G,
5G, Bluetooth, and WLAN uses. S. Suneesh et al. [4]
proposed a compact, flexible PTFE-based wearable
antenna for 5G 10T, achieving triple-band operation
at 2.52, 3.8, and 5.58 GHz

Design of Proposed Antenna Structure. The an-
tenna is a foam-based, wearable microstrip patch de-
sign with a 1.6 mm thick substrate, dielectric constant
(er) of 1.07, and loss tangent (tand) of 0.0025 [5, 6].
Foam is chosen for its low cost, availability, and flex-
ibility to integrate with clothing. The design is simu-
lated and optimized in Ansys HFSS for desired per-
formance.

Design parameters of the microstrip patch
antenna [7] are given below:

Step 1. Calculation of Width of Microstrip Patch
Antenna:
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Step 2. Calculation of effective dielectric constant
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Step 3. Calculation of the length extension AL,
which is given by:

(.7 +03) (1 +0264)

(ere - 0258) (% +0.8) ®)

Step 4 Calculation of the length of patch

AL = 0.412h
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As per the above equations, the dimension of mi-
crostrip antenna are 33.30x35.96x1.6 mm?.
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Figure 1 — Geometry of Proposed Rectangular
Microstrip Patch Antenna (a) front View (b) Back View

Table 1 — Geometrical parameters of proposed antenna
Parameter Wsub | Lsub | Wp | Lp Lf
Value(mm) 61.68 | 59.019| 35.96| 33.30| 17.74

Parameter WF Lg Wg | Lgl| Wgl
Value(mm) 4.84 18 61.68| 12 6
Parameter L1 W1 L2 W2

Value(mm) 3 20 10 3

Figure 2 shows step by step development of mi-
crostrip patch antenna.
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Figure 2 — Return loss performance with variation
in geometry

Surface Current Distribution (Figure 3).

SAR Analysis. SAR measures the rate of energy ab-
sorption by the human body from EM radiation. Using a
three-layer human tissue model, simulated SAR at 4.45
GHz is 0.0012 W/kg for 1 g of tissue, below USA and Eu-
rope limits. The SAR is evaluated by Equation (5).

SAR = %EZ ©)
where SAR = specific absorption rate (in W/kg), ¢ = con-

ductivity of sample (in S/m), E = electric field in RMS (in
V/m), and p = density of sample (in kg/m?).
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Figure 3 — Surface Current Distibution at resonating
frequency 4.45 GHz

Radiation Pattern (Figure 4).

—€-Plane
° = H-Plane

Figure 4 — Simulated radiation pattern in E-plane and
H-plane at 4.45 GHz

The three-layer body phantom as shown in Figure 5 of
size 90x90x27 mm?® with 2 mm, 5 mm, and 20 mm
thickness for skin, fat, and muscle layer, respectively is
simulated in HFSS as shown in Figure 6. The electrical
properties of skin, fat, and muscle layers are determined [8,
9] over the frequency of 4.45 GHz

model

(b)

Figure 6 — SAR Analysis of tissue for the three-layer
phantom model (a) over 1 gm (b) 10gm

Table 2 — Electrical Properties of Human Tissues

Tissue Freq| Condu- Per- Loss Mass
ctivity mittivity | tangent | density
6 (S/m) (er) (kg/m®)
Skin (dry) | 4.45| 2.6502 36.22 0.29556 | 1109
Fat 4.45| 0.20891 5.0814 | 0.16607| 911
Muscle 4.45| 34611 50.25 0.27823| 1090

Conclusion. In this paper, a microstrip patch antenna
is designed using Foam substrate. To make good perfor-
mance of antenna at 3.3GHz to 5.2 GHz various analysis is
carried out on patch and ground of antenna.
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DIGITAL TECHNOLOGIES FOR SUPPORTING THE TRAINING PROCESS IN TENNIS
Chen Shilang, Romashko E., Pantsialeyeu K.
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Abstract. This study presents a digital technology for supporting the training process in tennis. It is a broad category
encompassing methods of athlete preparation, including physical, tactical, and technical aspects, which are improved
through digital technologies. Special attention is given to motion analysis and biomechanics, tracking and performance
monitoring systems, virtual and augmented reality (VR and AR) technologies, the use of artificial intelligence and
machine learning, wearable devices for physiological monitoring. The paper also provides a review of the literature on
the topic of using digital technologies in the training process in tennis.

Key words: digital technology, electronic tools, training control in tennis.

MU®POBBIE TEXHOJIOT'MU B OBECIIEYEHUU TPEHUPOBOYHOI'O ITPOLNECCA
B BOJIbIIIOM TEHHUCE
Yen Inaanr, Pomamxko E. /1., ITanTeneen K. B.

Benopycckuii nayuonanbHblll mexXHUYECKUIl yHUGEPCUnEm
Munck, Pecnyonuxa benapyco

AHHOTanusl. B TaHHOM HCCIIeIOBAaHWH TPEACTABICHBI MU(PPOBBIE TEXHOJIOTHH, UCIIONB3YEMBIE B MOICPIKKE
TPEHUPOBOYHOTO TMpoIlecca B TEHHHUCE. OJTO INHUPOKas KaTeropus, OXBATHIBAIOMIAS METOABl TOJTOTOBKH
CIIOPTCMEHOB, BKJIIOYas (U3UYECKUE, TAKTHUYCCKAE M TEXHUYCCKHE ACIEKThI, KOTOPHIC COBEPIICHCTBYIOTCS C
MOMOIIBI0 IIU(POBBIX TeXHONIOTHH. OCO00e BHUMAHHE Y/ISNIICTCS aHATU3Y JIBIDKCHHS U OMOMEXaHUKE, CHCTeMaM
OTCIIKUBAHMSI M KOHTPOJISI TPOU3BOAUTEIHLHOCTH, TEXHOJIOTHUSM BUPTYalbHOU U AonoiHeHHOH peanbHOoCcTH (VR
1 AR), UCTIONB30BaHUIO MCKYCCTBEHHOTO MHTEJIEKTa U MAIIMHHOTO OOy4YeHUSl, HOCUMBIM YCTPOWCTBaM JIs
MOHHUTOPHHTA (PU3NOJIOTHYECKOTO COCTOSHHS CIOPTCMEHOB. Tarke mpencTaBiieH 0030p IUTEpaTyphl O TeMe
HCIIONIE30BaHUS MU(PPOBBIX TEXHOJIIOTHH B TPEHUPOBOYHOM IIPOIECCE TIO TCHHUCY.

KiaroueBble c10Ba: mu(ppOBEIE TEXHOIOTHH, SJIEKTPOHHBIE CPEICTBA, TPEHEPCKHUI KOHTPOJIb B TCHHUCE.

Aodpec onsa nepenucxu: Pantsialeyeu K., Prospekt Nezavisimosti, 65, Minsk 220113, Republic of Belarus
e-mail: k.pantsialeyeu@bntu.by

The training process for tennis players is a broad
category encompassing methods of athlete prepara-
tion, including physical, tactical, and technical as-
pects, which are improved through digital technolo-
gies. Digital technologies have become a critical part
of training in tennis, helping coaches and athletes en-
hance performance, monitor progress, and reduce in-
juries. Among the most relevant digital technologies
are the following:

— motion analysis and biomechanics;

— tracking and performance monitoring systems;

— virtual and augmented reality (VR and AR)
technologies;

— the use of artificial intelligence and machine
learning;

— wearable devices for physiological monitoring.

Using high-speed cameras and sensors allows for
a detailed analysis of player technique. In tennis, this
can be particularly useful for optimizing movements
in serves, forehands, and backhands. These data help
correct technical errors, improve injury resistance by
identifying excessive strain, develop individual
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