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Ucnonb3oBaHue anropuTMoB MCKYCCTBEHHOrO Shock o
MHTEeNIeKTa A1 annpoKCUMaLMK AaHHbIX AaTYUKOB
MUKPO3JIEKTPOMEXaHUYEeCKUX CUCTEM U TeH30AaTUYUKOB

y 6acketbonucros

E.M. bapckosa, A.[l. Kyknes, H.B. lonykapos, E.E. Aukacos

MepBbiii MoCKOBCKMIA rocyAapCTBEHHbI MeanUMHCKUIA yHuBepcuTeT uMenn U.M. CeueHoBa, MockBa, Poccus

AHHOTALINA

06ocHoBaHuMe. B HacTosLee BpeMst NPOLECC NONYYEHUs BU3YabHbIX AaHHbIX C AATYMKOB MUKPO3NIEKTPOMEXAHUYECKMX CHU-
cTeM Aenaet paboTy KNMHMLMCTa TPYA0EMKOM U NPOLOIKMTENBHOM BO BPEMEHW. ANMPOKCUMALMA LaHHBIX C NOMOLLbIO anro-
PUTMOB UCKYCCTBEHHOIO MHTENIEKTA MOMOXET CIKOHOMUTbL BPEMSA U YBEIMUNTL 06BEM NPOBOAMMOI paboThl.

Lieno — npoBecTv annpoKCcUMaLMi0 AaHHBIX, MPUXOASALLMX C JATYMKOB, PacrooXeHHbIX B 00yBHOW CTeNbKe criopTcMeHoB ba-
CKeTHONIUCTOB; CPABHUTL MOKA3aTes I U3MEHEHWUS MApaMeTPOB [BUKEHNUS CMOPTCMEHOB Npy ucnonb3oBaHum CAD/CAM cTenek.
Matepuansl u Metoabl. [1ns npoBefeHNs UcCefoBaHUA ObiNo NOMyYeHO paspeLueHue foKanbHoro studeckoro Komure-
1a CeyeHoBckoro YHusepcuteta (npotokon N2 19-23). OcHoBHyto KoropTy coctaBuiu 39 cnoptcMeHoB: 21 MymumnHa (53%)
1 18 eHwmH (47%). CpenHuin Bo3pacT cnopTcMeHoB — 22,4+7,54 rofa. CnopTCMEHOB pasfennny Ha TpU paBHO3HauHble
rPynnbl CPAaBHEHUA B 3aBUCHMOCTU OT BUAA CTENEK, B NEpUoL, NMPOBeAeHWs UCCef0BaHUA BCE CMOPTCMEHbI Bbiv 3[,0p0BHl,
6e3 TpaBM. [lepemelLieHe B NPOCTPaHCTBE OLEHUBANYW M0 TPEX-TeCToBOM cucTeMe. OLeHKY NPOBOAMAM C MOMOLLBIO JaTYMKOB
MWUKPO3IEKTPOMEXAHUYECKUX CUCTEM C aNrOPUTMOM UCKYCCTBEHHOTO MHTENNEKTA, KOTOPLIV NOMOran CTpouTb BU3YyasbHO M-
HATHbIE U XOPOLUO MHTEPNPETMPYEMbIE CPEAMHHBIE JIMHUM (aNNPOKCUMALMSA [aHHbIX).

Pesynbtatbl. [Ins 0O6BEKTMBHOWM OLIEHKM MPBIKKOBBIX XapaKTEPUCTUK, YNOBbIX WM3MEHEHWH, CKOPOCTHBIX MepeMeLLeHui
B MPOCTPaHCTBE W CpaBHeHMs Bcex napametpoB B 0-i feHb U 21-i AeHb Bbina paspaboTaHa 1 ucnonb3oBaHa cobCTBEHHaA
NporpaMMHas cMCTeMa, 0CHOBaHHas Ha MaTeMaTUyecKoi anroputMm3auum u dopmyne npeobpaszoBaHus No onpefenéHHbIM
ocaM. Bce aaHHble Mbl 3aHECU B BLICTPOEHHYH HAaMM HEPOHHYH CETb A8 NOCTPOEHUS YCPeAHEHHBIX 3HAYEHWI NapaMeTpoB
nepeMeLLeHus B NPoCTPaHCTBe. TaKoi NOLXOA NO3BONSET Bpayy OLEHWBATb He e[UHWUYHbIE U3MEHEHUS KaX0ro NUKOBOro
LBVKEHWSA M0 TPEM pasHbIM ocsiM. KpoMe Toro, MOXHO CyMMUPOBaTh NPY NMOMOLLIM UCKYCCTBEHHOTO MHTEJIIEKTA NapaMeTpbl
LBVXEHUA CMOPTCMEHa U 3aMeyaTb M3MEHEHMA N0 pasHbiM 0caM Ha 0-# u 21-i aeHb. Mogens ctenbku C-1: ckopocTb nepe-
MeLLeHna no ocu X Ha +7,7%, BbicoTa npbikka no ocu Y +17,3%, BbiHOCAMBOCTL +3,1% U ynydlleHne napaMeTpa ralleHus
ynapHoii Harpy3ku B 1,43 pasa. Mogenb ctenbku C-2: cKopocTb nepeMelleHusi mo ocu X +8,4%, BbicoTa npbikka no ocu Y
+20,8%, BbIHOCIMBOCTL +6,6% U ynydlleHWe napaMeTpa ralleHus yaapHoi Harpysku B 1,48 pasa. Mogenb crenbku C-3:
cKopocTb NepeMelLeHus o ock X +13,5%, BoicoTa npbixkka no ocu Y +22,4%, BeiHocnmBocTb +9,5% K ynydileHve napameTpa
rawleHus yaapHoi Harpysku B 1,53 pasa.

3aksnioyeHne. AnnpoKcuMaums AaHHbIX (MOCTOPEHHWUE CPEAMHHBIX IMHWIA NpYU NOMOLLM anroputMa MUCKYCCTBEHHOTO UHTEN-
NeKTa) No3BONSET JIErKO MHTEPNPETMPOBATL U NPOBOAUTL CPABHEHWUE Pa3fIMYHBLIX NapaMeTPOB W [enaTb BbIBOALI HE TOMbKO
06 adpdeKTMBHOCTU MHAMBMAYaANbHBIX cnopTuBHBIX CAD/CAM cTenek, HO M OLEHUTb U3MeHeHWe NoKasaTenen NoBbILIEHNS
BbIHOC/IMBOCTH, CKOPOCTY NMEpeSBUKEHUS MPU SJIMTENBHOM M MHTEHCUBHOM MEpPeMELLEHUN U CHUMKEHWSA PUCKA BITMAHWA yaap-
HbIX Harpy30K Ha OMOpHO-[BMraTeslbHbIiA annapar cropTcMeHa.

KnioyeBble cnoBa: annpoKCcnMauuna OaHHbIX; OaTYNKM MUKPO3JIEKTPOMEXaHUYeCKUX CUCTEM; TeH304aTYMKK; anlroput™
UCKYCCTBEHHOr0 MHTENIEKTa; backetbon.
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Using artificial intelligence algorithms to approximate
data from inertial measurement unit sensors
and strain gauges in basketball players

Ekaterina M. Barskova, Aleksandr D. Kuklev, Nikolay V. Polukarov, Evgeny E. Achkasov

The First Sechenov Moscow State Medical University, Moscow, Russia

ABSTRACT

BACKGROUND: The process of acquiring visual data from microelectromechanical sensors currently requires significant time
and effort on the part of the clinician. The use of artificial intelligence algorithms to approximate data could potentially reduce
the time required and increase the amount of work performed.

AIM: The aim of this study is to approximate the data generated by sensors located in the shoe insole of basketball athletes and
to compare the change in movement parameters of athletes when using CAD/CAM insoles.
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MATERIALS AND METHODS: Prior to the commencement of the study, permission was obtained from the local ethical
committee of Sechenov University (protocol No. 19-23). The main cohort consisted of 39 athletes, comprising 21 men (53%) and
18 women (47%). The mean age of the athletes was 22.4 + 7.54 years. The athletes were divided into three equal comparison
groups according to the type of insoles they were wearing. Throughout the study period, all athletes remained healthy and
free from injuries. The assessment of movement in space was conducted using a three-test system. This involved the use of
microelectromechanical system sensors with an artificial intelligence algorithm, which facilitated the construction of visually
clear and well-interpreted median lines (data approximation).

RESULTS: For objective assessment of jumping characteristics, angular changes, velocity movements in space, and
a comparison of all parameters on days 0 and 21, we developed and used our own software system, which was based on
mathematical algorithmization and transformation formulas on specific axes. All data were entered into a neural network to
construct averaged values of the parameters of movement in space. This approach allows the doctor to evaluate the changes
of each peak movement on three different axes. Furthermore, it is possible to summarize the athlete's movement parameters
with the aid of artificial intelligence, thereby enabling the detection of changes in different axes on days 0 and 21. Insole model
C-1 exhibited the following improvements: X-axis movement speed (+7.7%), Y-axis jump height (+17.3%), endurance (+3.1%),
and a 1.43-fold enhancement in shock absorption. Insole model C-2 exhibited an 8.4% increase in X-axis travel speed, a 20.8%
enhancement in Y-axis jump height, a 6.6% improvement in endurance, and a 1.48-fold enhancement in shock absorption.
Insole model C-3 demonstrated an 13.5% surge in X-axis travel speed, a 22.4% surge in Y-axis jump height, a 9.5% surge in
endurance, and a 1.53-fold enhancement in shock absorption.

CONCLUSIONS: The approximation of the data (median lines using an artificial intelligence algorithm) allows for the
straightforward interpretation and comparison of various parameters, as well as the drawing of conclusions regarding the
efficacy of individual sports CAD/CAM insoles. Additionally, it enables the assessment of changes in endurance, speed of
movement during prolonged and intensive movement, and the reduction of the risk of impact loads on the musculoskeletal
system of the athlete.

Keywords: data approximation; inertial measurement unit sensors; strain gauge; artificial intelligence algorithm; basketball.
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