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AHHOTaUmA
BBepeHue. OnpegeneHne MeCTOMONOXEHNSA MOABMXKHBIX 06 bEKTOB B 3aKpbITbIX MOMeELLEHMAX obpeTaeT BCe
60/1bLLYI0 aKTya/lbHOCTb B cdepe 34paBooxpaHeHus. CnexeHne 3a nepemeLleHaMN NaLneHToB B pexunme pe-
aJlbHOro BpeMeHW No3BoJIeT 0KasblBaTb MM CBOEBPEMEHHYH MeANLIMHCKYHO MOMOLLb MPY PE3KOM YXYALLEeHWN
XWM3HEHHbIX NokasaTenell. OCO6eHHO BaXXHO OTCNEXMBaTb MECTOMON0XeHNe NaLMeHTOB, NepeHecLUnX X1pyp-
rmyeckme BMeLLaTeNbCTBa, Tak Kak pUCK HacTynaeHns CMepTu BCeACTBME BO3HUKHOBEHMWA NOC/ieonepaLoH-
HbIX OCNIOXHEHWN 415 HUX KpaiiHe BbICOK. [TprMeHeHne TeXHONOMMIA TOKaIbHOro NO3ULMOHNPOBAHNS B COCTaBe
TenemeAnLMHCKUX CUCTEM MO3BOJIAET PeLLnTb YKa3aHHY nNpobiemMy, TeM caMblM CHU3MB YPOBEHb CMEPTHOCTY
NaLVeHTOB 1 MOBbLICMB Ka4eCTBO MeANLMHCKOro 06CNy>XKNBAaHNS.
Lienb pa6oTbl. V3yyeHre NPUMEHUMOCTM MarHUTOMETPUN, MHEPLMANbHbIX U aKyCTUYeCKUX TeXHONOrui Ans
JloKanusaummy naumeHTa B 34aHnn KIMHNKN.
MaTepuanbl U MeToAbl. [poBeseH aHaNN3 OTeYeCTBEHHbIX U 3apy6eXHbIX HayUYHbIX ICTOYHMKOB, MOCBALLIEHHbIX
NIOKaNbHOMY NO3MLIMOHMPOBAHUIO Ha 6a3e nepeyunciieHHbIX TeXHONOrMIA. BkaoueHHble B 0630p paboTbl ony6au-
KoBaHbl He paHee 2016 r. BOABLUNHCTBO N3 HUX NPeACTaBAEeHO B XXypHanax ¢ impact-gakTopom He Hue 3.
Pe3synbTathbl. B pesynbTate aHanusa cjenaH BbIBOA O TOM, UTO HU OfHa U3 PACCMOTPEHHbIX TEXHONOTUIA He MO-
XeT MCMOb30BaTbCA CaMOCTOATENbHO. MIHepLManbHble AaTUMKK 061aAat0T BbICOKOM TOYHOCTBIO, HO CO BpeMe-
HeM MorpeLlHOoCTb N3MEPEHN BO3pacTaeT, MO3TOMY OHU HY>XAAtTCA B MOCTOSHHON KOppeKkTupoBke. Mo3unuumo-
HVpOBaHMe Ha 6a3e reoOMarHWTHOro MO 3aTPYAHSAETCS MOMexamu, Bbl3blBaeMbIMI paboTor annapaTos mar-
HWTHO-PE30HAHCHOM TOMOrpadun 1 PeHTreHOBCKMM YCTaHOBKaMM, MOBCEMECTHO UCMOJb3YOLMMUNCA B Meju-
LIMHCKUX yUpexAeHUaxX. AKTUBHAsA MarHUTOMETPUS TakxKe MeeT psaj HeJoCTaTKoB, 3aTPYAHSOLWMX NoKanbHoe
no3nunoHnpoBaHue. Mo3numoHpoBaHne Ha 6ase yabTpa3Byka MOXET OCMOXHATLECA MOMexamu, BO3HMKa0-
LMK B pe3ynbTaTe paboTel annapaToB Y3W. icnonb3oBaHMe CbILLMMOro 3ByKa CO34aeT LyMOBOe 3arps3He-
HVe N HeraTMBHO BAUSIET Ha 340pOBbe MauneHToB. [MOMUMO 3TOro akycTuYeckme TeXHONOrMN He CMOCOBHbI
obecneunTb 6e30MacHbIN KaHan CBA3W AN 06MeHa AaHHbIMM.
3akno4yeHmne. PekoMeHAO0BaHO KOMBVHMPOBAaTb PAaCCMOTPEHHbIE TEXHOOMN MO3ULIMOHNPOBAaHWS C APYrMNA
TEXHOMOTMAMU B LIeNIAX YCTPAaHEHNS 0603HAYeHHbIX HEJOCTaTKOB.

Kntouesble cnoBa: IPS, TenemeanLiHa, MarHUTOMeTpUS, MHepLUanbHOe No3VLVOHVPOBaHE, yIbTPa3ByKoOBOE
no3nLmnoHnpoBaHme
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Abstract

Introduction. The problem of localization of moving objects inside buildings becomes more urgent in healthcare.
Tracking the movements of patients in real time allows one to provide them with timely medical support in case
of sharp deterioration in their vital signs. It is especially important to track the location of patients undergoing a
surgery, since the risk of death due to postoperative complications for them is extremely high. Using indoor-
positioning technologies in telemedicine systems can solve the problem, thereby reducing the mortality rate of
patients and improving the quality of medical care.

Aim. To study the applicability of magnetometry, inertial and acoustic technologies for patient's localization in a
hospital.

Materials and methods. The analysis of domestic and foreign scientific sources devoted to indoor-positioning
based on the above technologies was carried out. Material published not earlier than 2016, was chosen for the
analysis. Most of the papers were published in journals with impact-factor not lower than 3.

Results. After analyzing the information received, it was concluded that none of the technologies can be used
independently. Inertial sensors possess high accuracy, but over time, the measurement error increases. There-
fore, the sensors need to regular correction. Indoor-positioning based on geomagnetism is hampered by inter-
ference that can be induced by the operation of magnetic resonance imaging scanners and X-ray equipment,
which are usually used in medical facilities. Active magnetometry does not allow to keep track of moving objects
due to specific of hardware used. Ultrasound-based positioning can be complicated by ultrasonography appa-
ratuses interference. Using an audible sound creates noise pollution and exerts a negative impact on patient’s
health. Also, acoustic technologies are unable to provide a secure communication channel for data exchange.
Conclusion. It is recommended to combine the reviewed positioning technologies with other technologies in
order to correct the indicated disadvantages.
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BBenenue. OnpeeneHnue MECTOMONOKEHUS 00b-
€KTOB BHYTPH TIOMEIICHU SBISIETCS aKTyaJIbHOH 3a-
Jlauell B COBPEMEHHOM MHPE, TaK KaK OHO MO3BOJISIET
OCYIIECTBJISATh KOHTPOJIb 32 JIFOIbMU U TEXHUKOH, TEM
caMbIM MOBBIIIAS PPEKTUBHOCTL U OE30MACHOCTD
MIPOU3BOJICTBA. B CBSI3M ¢ 3TUM JIOKAJIBHOE TTO3UIINO-
HI/IpOBaHI/Ie BOCTpeGOBaHO BO MHOTHX OTpaCHHX ye-
JIOBEUECKON NEeATENIbHOCTH. MeauIuHa He SBIISIETCS
uckimodeHrueM.  JIokanbHOE€ — TO3UIIMOHUPOBAHKE
YCIIETHO TIPUMEHSIETCS B COCTaBE TEICMEIUIIMHCKUAX

CHCTEM TSI OTCIEKUBAHUS MECTOIOIOKEHHS TTaIi-
€HTOB B PEXHMME peajbHOro BpeMeHu. OmgHuM U3
HanOoJIee BaKHBIX HaMpaBIICHUH TPUMCHEHHUS CH-
CTEM JIOKQJILHOTO MO3UITMOHUPOBAHUS SBIISICTCS Clie-
JKEHUE 32 MEePEMEIICHUSIMH TTAIIUeHTOB, TIEPEHECITNX
CIIOHBIE XHUPYPTHUECKUE BMEIIATEIIbCTBA: TIPH Pe3-
KOM YXYIIICHUH )KU3HEHHBIX TIOKa3aTenell B CBA3U C
TOCJICONIEPAIMOHHBIMU  OCIIOKHEHHUSIMH BaYKHO BO-
BpeMs OOHAPY>KUTh MAIMeHTa U OKa3aTh eMy HEOOX0-
JUMYIO MEAUIIMHCKYIO TOMOIIT.
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TexHONMOTMU TIOOATBFHOTO MO3HIIMOHUPOBAHHUS
(GPS, ITTTOHACC, HazeMHBbIEC COTOBBIEC CETH) TIOIXO-
IIT 17151 HABUTAIIMU Ha OTKPBITOH MECTHOCTH, OHAKO
HE MOTYT UCIOJIB30BAThCS IS JTOKAIU3AIIH HEOOb-
[IUX MTOJBIDKHBIX OOBEKTOB BHYTPH 3aKPHITHIX TIOME-
mieHnid B cwily psaa ¢aktopoB. Ha ucnonb3oBanue
CPE/ICTB TII00ATBFHON HABUT AU MOTYT BIUATH CTCHBI
U TIEPEKPHITHS, a TAaKKe TOMEXH, BHI3BAHHEIE HCIIONb-
30BaHHEM OBITOBOM M 3JIEKTPUIECKON TEXHUKH [1-6],
CHIDKasl TOYHOCTh TIO3UIIMOHUPOBAHU 10 JICCATKOB, &
uHOTHA U coTeH MeTpoB. IlommmMo 3Toro, B mIyOHHE
MTOMETIICHHST BO3MOKHA TTOJTHAS TOTEPS CITyTHUKOBOTO
curHaia [2—6]. BeciencTBue yka3aHHBIX HEIOCTATKOB
HE0OXOIMMO HCITOIB30BaTh UHBIE PEIICHHs, 001a1a10-
e OOINbIeH HaJIeKHOCTBIO M TOYHOCTHIO TIO3HIHO-
HupoBanus [1-6]. B HacTosimiee BpeMs CylIecTByeT
MHOXECTBO METOJIOB, Ha 0a3e KOTOPhIX pa3padaThiBa-
FOTCSl TIPOTPaMMHO-aIIapaTHEIE CHCTEMBI ITO3HIIHO-
HUPOBAHUS OOBEKTOB BHYTPH MOMEIICHUSI, HUMCHYe-
Mble Indoor Positioning System (IPS). Bwibop Toit
WM HHOU TEXHOJIOTHH 3aBUCUT OT OOJIACTH IPUMEHe-
Hus IPS.

CyIecTByeT MHOXKECTBO TeXHOJOTHI indoor-11o-
3uIonnpoBanwus [ 1-6]:

— ONTHYECKOE MO3UIIMOHUPOBAHNE, OCHOBAaHHOE
Ha CBOMCTBaX CBETOBOTO M3JIyUCHHUS;

— WHEpIHaIbHOE MMO3UIHOHNPOBAHUE, OCHOBAH-
HOE Ha OLIEHKE TEKYIIeH MO3UINH 00bEKTa C YIETOM
€ro paHee M3BECTHOH MO3UIMHU, CKOPOCTU H HAaIpaB-
JICHUA OBUXKCHUS,

— pamMovacTOTHOE IMO3MIHNOHUPOBAHUE, MO3BO-
JSIOIIEe  OMPEACIATh MECTOIONIOKEHHEe OOBEKTOB
TIPY TIOMOIIY PaTHOBOIH PAa3IMIHON YacTOTH;

— TO3UIMOHMPOBAaHWE, OCHOBAHHOE Ha CBOW-
CTBax YJIbTPa3ByKa M aKyCTUKU;

— TIO3UIMOHMPOBAHKE Ha 0a3e MAIIMHHOTO 3PEHU;

— TO3UIMOHHMPOBAaHWE, OCHOBAHHOE Ha CBOW-
CTBaX MarHUTHOTO MOJIs (MATHUTOMETPHS);

— TUOpPHIHOE MO3HUIIMOHUPOBAHKE, KOTOPOE MO-
KET OOBETUHATH HECKOIBKO Pa3HBIX TEXHOIOTHA.

B Hacrosiiiee Bpemsi CyIIecTBYeT psiji KOMMepUe-
CKHUX pe]_HeHI/Iﬁ U pa3sBEPTbIBAHUA MEIUITUHCKUX
IPS Ha 6a3e mepevncIieHHBIX TEXHOIOTHH:

e Real Trac [7] — MomynbHas cucTeMa MO3UIHO-
HUPOBAHUA U CBA3U JIJId METULIUHBI. HaHHaH CHUCTEMA
OCHOBaHa Ha PaJMOYaCTOTHOW TEXHOJIOTUU U TI03BO-
JISIET OTCIIEKHMBATh MECTOIOJIOKEHHUE TIepCOHANa, Ta-
OUEHTOB U OGOpyJ]OBaHI/IH B 3JaHUU KJIIMHUKHU.

e Situm indoor positioning [8] — TuOpumHas cu-
crema indoor-HaBUranyy, COBMEILAOIIAS MarHUTO-

METPHIO, UHEPUUATIBHYIO U PaJHOYacTOTHYIO TEXHO-
norun. CucteMa IMo3BOJISET OTCIIEKUBATH MECTOIIONO-
JKEHHE TAIMCHTOB, YIPABISATh PAa3MEIIEHHEM TOCITH-
TAJIM3UPOBAHHBIX MAUCHTOB B KIMHHUKE, 00CCIIeun-
BaTh KOHTPOJb TOCTYIIa B TOMEIICHUS U T. 1.

e InfSoft Smart Connected Locations [9] — ru-
Opuanas mequnuHcKas [PS, coBmemaromias onTuye-
CKO€ U PaIiovacTOTHOE MO3UIMOHNPOBaHue (MH(ppa-
KpacHoe W3Jy4eHue u TexHojoruro Bluetooth Low
Energy). Cucrema npemHa3zHadeHa IS OTCIICKHBA-
HUS TIOJIOXKEHUS AIMEHTOB B 31aHuu rocrutans. [To-
MHMO CJIEXKCHHUS 3a IepeMelIeHHeM NalHueHTOB CH-
CTeMa OIOBEIIaeT MEAUIIMHCKAN TIepCOHAN B CIIydae
NaJICHUs MAIMEeHTa, a TaKKe B clydae MmepeMenieHHs
MAIIMEHTOB, KOTOPBIM HEJIb3s BCTABATh C TIOCTEIH 110
MEIUIIMHCKUM TTOKa3aHHUSIM.

¢ Navigine [10] — menunuHckas IPS Ha 6a3ze paguo-
YAaCTOTHOM TEXHOJIOTWH, TIO3BOJISIONIAS OTCIIEKUBATH
MIOJIOKCHUE TIAIMEHTOB B 3MaHIU KIMHUAKHA B PEKUME
peanpHOrO BpeMeHu. [ B3anMOoIeiCTBUS CHCTEMBI C
JIMCTICTYEPOM HCHONB3yeTcsl web-HHTepdelic.

e Indoors Healthcare [11] — emie onHa MeaHUITUH-
ckas IPS Ha 6a3e paxuo4acTOTHBIX TEXHOJIOTHH, 103-
BOJISIIOIIAST  OTCJICKMBATH IIOJIOKEHHE ITAllMCHTOB,
nepcoHana U OOOPYJOBaHUS B PEXHUME PEaTbHOTO
BpeMmeHH. Hapsimy ¢ 3TuM cucTeMa MpemocTaBisieT
MOOHIIEHOE TIPEIIOKEHUE IS MAIIMEHTOB, 00Jerda-
I0l[ee HABUTALIMIO TI0 37[aHUI0 KITMHHKH.

Bo3MOKHOCTE IPUMEHEHHST HEKOTOPBIX W3 TIepe-
YHCICHHBIX TEXHOIOTHHA TO3UIIMOHUPOBAHUS B PaM-
kax co3manus IPS Oomnee nmetanbHO paccMOTpeHa B
[1-4, 12, 13].

[lempro HacTOAIIEH CTAaTBU SIBISIETCS W3YYECHHE
BO3MOXHOCTHU MPUMCHCHUSA MArHUTOMCTPUH, UHEP-
OUATBHBIX U aKyCTHUECKUX TEXHOJIOTHIA O3UIIOHH-
pOBaHUS 1151 pa3pabOTKH MeauIuHCKUX IPS.

Bbi0op oneHo4yHbIX KputepHeB. i1 oLeHKU
MIPUMEHUMOCTH PAaCCMaTPUBAEMBIX TEXHOJIOTHU IS
indOOr-TIO3UITHOHNPOBAHKSL ~ BHYTPU — MEAUIIMHCKIX
VUpeKICHUNA HEOOX0IUMO 0003HAYUTH PSAZl KPUTCPUEB:

— TOYHOCTh MO3HIIMOHHPOBAHHS: ITOJIOKECHHUE
0OBEKTOB JIOJDKHO OIPENeNsAThCS ¢ TOYHOCTBIO IO
KOHKPETHOTO TIOMEIICHUS ¥ IOTPEIIHOCTh HE JTOJDKHA
MpeBbIaTh 1...2 M;

— BO3MO)KHOCTh OJHO3HAYHOW HICHTU(DHUKAIIH
KOHTPOJHPYEMBIX O0BEKTOB;

— paamnyc IEHCTBHS CBSI3H;

— NIOMEXOYyCTOWYMBOCTh: MEIULMHCKHE y4pe-
JXKJIEHUS 000PYIOBAHBI TEXHUKOM, KOTOPAs MOXKET CO-
3[1aBaTh CHJIBHBIC HJICKTPOMATrHUTHBIC TIOMEXH, MPH-
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BOJAIINE K YXYIIICHUIO KAYECTBA CBSA3U M 3HAYUTEIb-
HOMY CHIDKEHHIO TOYHOCTH MTO3UIIMOHUPOBAHNS;

— 0e30IacHOCTh
JIOJDKHA 00ecTiednBaTh Oe30MacHY0 TIiepeiady JaHHbIX;

KaHaJla CBSI3U: TEXHOJOIHS

— BBICOKasi MPOIYCKHasg CIOCOOHOCTh KaHaja
CBSI3U: CKOPOCTH Mepeadn JaHHBIX JI0JDKHA OBITh 10-
CTaTOYHOH JUIS TOTO, YTOOBI 00€CTIeUnTh MO3UIIUOHH-
pOBaHUE B peXKUME PeajbHOIO BPEMEHH;

— HebonpIMe Macca U radapuThl UCIIOIb3YEMOTO
000pynOBaHHUS;

— HU3KUU YPOBEHB SHEPronoTpedIeHus;

— MPOCTOTA pa3BepThIBaHUs U 0OCTyx)uBaHus [PS.

HNuepumanbHasi TexHosorusl. IHepruanbHas
TEXHOJIOTHSI OCHOBaHA Ha OIEHKE TeKyIIeH MO3ULIUU
00BEKTa C y4eTOM ero paHee M3BECTHOW IO3UIINH,
CKOPOCTH U HarpasiieHus ApkeHus [ 1-3]. Ykazannas
TEXHOJIOTHS CTPOUTCS Ha 6a3e MU POBBIX HHEPIUATIb-
HBIX JIaTYMKOB (@KCEIepOMETPOB, TUPOCKOIIOB, TATIH-
KOB YIJIOBOTO MoJiokeHusi u ap. [1, 2, 4, 14, 15]). dna
OTIpENeICHUsl TIOJIOKEHHsI O0bEeKTa HHepIHaIbHas
TEXHOJIOTUSl HUCMOJNB3YeT METOJ HaBHTAIlMIOHHOTO
CUHMCJICHUS ITyTH, TAKXKe Ha3bIBa€MbIi METOIOM HHEP-
[HMATbHOM HaBUTAIIUU.

OcHoBHas 3aJ1a4a MeTo/1a 3aKJTI0UaETCsl B OTIpeie-
JIEHUH CPEIHETO [Iara, Tak Kax JJIMHA YeJI0BEYECKOro
11ara HEMOCTOSIHHA: OHA 3aBUCUT OT CKOPOCTH ABHIKE-
HUs 00BbEKTa, ero pocTa U T. A. Takke HeoOXOTUMO
pacro3HaBaTh Hadajia Ka)XI0ro HOBOTO IIara, BO3HHU-
KaIoIIEro B MpoIecce YernoBedeckoi Xomp0bl. Hemo-
BeUeCKas X0b0a MMEET IUKIMUYECKYIO IPUPOY, U €€
MOKHO Pa3lieNuTh Ha 4 OCHOBHEBIE (Da3bl:

— OTTaJIKUBaHUE OMOPHOW HOTOM OT 3EMJIH;

— BBINPSAMIICHUE IEPEHOCHON HOTH;

— HaKJIOH IOJIEHU OIIOPHOI HOTH BIIEpe U Hayajlo
MepeHoca LEeHTpa TSHKECTH Ha IEPEHOCHYIO HOT'Y;

— OTTaJKUBaHUE ONMOPHOM HOTW OT moja (mociue
3TOr0 OHA CTAHOBUTCA IEPEHOCHON) K OKOHYAHUE I1e-
peHoca [EHTpa TSHKECTH Ha IEPEHOCHYIO HOTY, KOTO-
pas, B CBOIO O4epeb, CTAHOBUTCS OMOPHOM.

[lepBas u TpeThst (ha3bl HUKIA XOOBOBI XapaKTePH-
3yIOTCSl IIOBBIIIEHUEM OIOPHOM peakluu, BTOpas U
yeTBepTast — ee NoHwkeHneM. DakT miara onpenesns-
€Tcs IIPU paclio3HaBaHUU KaXKA0H U3 IBYX ATUX TPYII
(a3. Jlna pacuera cpeaHer ATHMHBI IIara UCTIONB3YFOTCS
pazIM4HbIe METONBI: SMIIUPUYECKHUE, AlPOKCUMALIMOH-
HbIE, METOJIbI, OCHOBAaHHbIE HA MHTETPUPOBAHUHU YCKOPE-
HUsI IPOMIEHHOT O 111ara,  TIp.

Taroke 1 OIpeIeNieHu st TOJI0KEHHS 00BeKTa HeoO-
XOOUMO 3HAaTh HAIpaBJICHUE €ro ABWKCHHUSA, KOTOPOC
MOYKHO OIpEJENIUTh Ha OCHOBE IOKa3aHUi, MOIy4eH-
HBIX OT aKCeJIepOMEeTpa U THPOCKOIIA.

Hcnone3oBanue indoor-mo3uIMOHUPOBAHKS HA
0a3e MHEPIMAILHBIX TATYUKOB 00JIaaeT PSAIOM Ipe-
nmytiects [4, 14-27]:

— aBTOHOMHOCTBIO M IIPOCTOTOM pa3BepThIBAHUS.
g onpeneneHus MONOXKEHUsSI 00bEKTa JOCTaTOUHO
TOJILKO MHEPLMAIBHBIX JaTYUKOB U He TpeOyeTcs HU-
KaKOH JTOMOHUTETLHOW HHPPACTPYKTYPhI  000pY-
JIOBaHUS. YUYUTHIBas, YTO OOJIBLIMHCTBO COBPEMEH-
HBIX MOOWJIBHBIX YCTPOWCTB CBS3M OOOPYIOBAaHBI
BCTPOCHHBIMU aKCEJIEPOMETPAMU U THUPOCKOIIAMH,
HET HeOOXOMUMOCTH B pa3paboTKe OTACIBHBIX HHEP-
[HATBHBIX JaTYHKOB;

— TIOMEXOYCTOMYMBOCTHI0. CyIIECTBYIOMIME BUIBI
TOMeX He BIIUSIOT HAa TOYHOCTH H3MEPEHHUH.

[maBHBIM HETOCTATKOM WHEPLUAIBHOW TEXHOJO-
MU ABJISETCS HAKOTUIEHHE TIOTPEITHOCTH U3MEpEHUH U,
KaK CJICICTBUE, YMCHBIIICHHE TOYHOCTH TIO3UIIMOHHPO-
BaHUs ¢ TedeHreM BpemenH [ 1, 2,4, 14-17]. Yka3aHHbIi
HEJIOCTATOK SBIISICTCSI OCHOBHOM ITPOOJIeMOM, BO3HHKA-
foleld mpu paspaborke wHeprmanbHbIX IPS. [ ee
YCTpaHEHHs MPUMEHSIOTCS Pa3IMYHbIe MPOrpaMMHbIC
(bUITETPBI, HO ATOTO, 3a4aCTYI0, OKA3bIBACTCS HEIOCTa-
TouHO. Benenersue 3toro B cucreMax indoor-mo3uimo-
HUPOBAHUSI TOJIKO HHEPIUATIbHAS TEXHOIOTUS UCIIOJb-
3yetcst penxo [3, 14]. Yare Bcero [yist MOBBIIEHUS TOU-
HOCTH TIO3WIIMOHUPOBAHUS WHEPIUATBHYIO TEXHOJIO-
THKO COBMECLIAKOT C ,Z[pyFI/IMI/I TEXHOJIOTUSAMHU TTO3UILHO-
HupoBanus [2—4, 16, 18-27].

HaunbGonee pacnpocTpaHeHO COBMEIIEHUE WHEP-
LHAIBHOW TEXHOJIIOTUU C MAarHUTOMETPUEH, paguoda-
CTOTHOM M ONITHYECKOM TEXHOJOTHUIMH, a TAKXKE C Ma-
IIMHHBIM 3peHHeM. B kauecTBe pagmodacTOTHOU Co-
CTaBJISAIONICH HauboJIee YacTO MCIIONB3YIOTCS TEXHO-
norun Wi-Fi [28], Bluetooth [22] u ZigBee [23]. 1ns
peanuzanuu [PS B moMemeHNsIX MOHTUPYIOTCS -
POKOBEIATENbHBIE PaTA0OYaCTOTHBIC JATYUKH. AK-
THUBHBIN MasgK COCTOUT U3 I/IHeleI/IaJ'H)HI)IX JAaTYUKOB U
MHKPOCXEMBI C PaJuoTepeaaroM MoayineM. Me-
CTOIOJIOXKEHHE 00BEKTA BBIUUCIISIETCS C UCIONIBb30Ba-
HHUEM JaHHBIX, HepenaBaeMblx 10 paZ[I/IOKaHaJ'[y
(wame Bcero Ha 0Oaze Mmeroma Received Signal
Strength Indicator (RSSI) u anroputma Tpmiarepa-
M), MHepuuansHasi COCTaBISIONIast IPH 3TOM HC-
TOJIB3YETCS JIsl TIOBBIICHHSI TOYHOCTH TTO3UITNOHHU-
pOBaHUS U KOPPEKTUPOBKH TIOJIOXKEHHS 00bEKTa, BbI-
YHUCJIICHHOI'O Ha OCHOBAHWH JaHHBIX, HOJ'Iy‘IeHHbIX pa—
IMOYacTOTHOM cocrassaromeii IPS.

IIpu coBmenIeHNH UHEPLMOHHOW U ONTHYECKOU
TEXHOJOTUH yarnie Bcero ucnoisiyrorcsi MK-TexHo-
noruu [18] wim Visible Light Communication (VLC)

[19-21]. HWnepumanpHas COCTaBISIOIIAs HrpaeT
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BCIIOMOTATENBbHYIO POJIb U UCIIOJIB3YeTCs AJIsl TIOBHI-
IICHUS TOYHOCTH TIO3UIMOHHUPOBAHUS: aKTHBHBIN
MasiK JOMOJTHUTEIHPHO OCHAIAeTCS HHEPUUATEHON
CHCTEMOM, n3MepsIoIeil OTHOCUTENBHOE TIepeMelLie-
HUE 00BeKTa. Masik MOYKET BBIIIONHATHCS B BUAE Ca-
MOCTOSITENTbHOTO ycTpoiicTBa [18-20], mbo B kaue-
CTBE HETO WCIIONB3YeTCsS MOOWIBHOE YCTPOKMCTBO,
OCHAIIIEHHOE KaMepoW W HHEepLUUATIbHBIMH JaTyH-
kamu [19-21].

IPS Ha ocHOBe KOMOMHALMM UHEPLUUATIBHON TeX-
HOJIOTUM ¥ TEXHOJOTMH MAalIMHHOTO 3peHus [16, 24,
25] B [IOMONMHEHHE K WHEPLUAIbHBIM JaTYdKaM HC-
MONB3YIOT BUAeoKaMephl. Kamepa B pexumMe peaiib-
HOTO BpeMEHH (PUKCUPYET HH(OPMAITHIO 00 OKPYKaro-
nieit cpese, KoTopasi aHaIU3UPYETCsl CPEACTBAMU Ma-
[IMHHOTO 3peHHs. AHAIU3UPYs TONyYeHHbIe U300pa-
JKEHIS, AJTOPUTMBl MAIIMHHOTO 3PEHHS CIIOCOOHBI
OIIPENIENIUTh TPACKTOPHUIO JIBIKCHUSI 00BbEKTa OTHOCH-
TENFHO BU3YaIIBHBIX OPHEHTHPOB, XPAHSIIIIXCS B 0a3e
IaHHBIX CHCTEeMBI. BusyambHas mH(pOpManus, moIry-
YeHHas B pe3yabrare padoThl alTOPUTMOB MAILTMHHOTO
3pEHUS, TAKXKE MOXKET OBITh HCIONB30BaHA IS TI0-
CTpOCHUSI LU(PPOBOH KapThHl IMOMEUICHHUSI C MEIbIo
VIPOIICHUS] TIO3UIMOHUPOBAaHUS B  JaJIbHEHIIIEM.
Yame Bcero B TaKMX CHCTEMAaX HCIIONB3YIOTCS HHEp-
[UaJbHBIC JATYAKA M KaMepa MOOWIBHOTO YCTpPOWi-
crBa. Jlns peanu3aluy MAIIMHHOIO 3pEHHsS MOTYT
MIPUMEHSITHCS KaK YK€ TOTOBbIE Tu1aTdopmbl (B [24] wc-
nonesyercst mwiatgopma Google Tango), Tak u camo-
CTOSATENBHO pa3paboTaHHbIe adropuTMel [16, 25].
WnepumansHoe W BH3yalbHOE ITO3HIIMOHUPOBAHIE
(YHKIMOHHUPYIOT HE3aBUCHMO APYT OT napyra. M3me-
peHHas MH(OPMAIUS COMOCTAaBISETCS, M HA OCHOBE
MOJTYYCHHBIX PE3YIBTATOB BBIYHCIIETCS TOYHOE TIOJIO-
JKEeHHEe 00bEKTa.

IPS, xoMOuHHMpYyIOIINE MHEPIHATIbHYIO TEXHOJIO-
THIO C MarHuTOMeTpueH [23, 26, 27], momumMo akcere-
poMeTpa M TUPOCKONA HCIONb3YIOT MarHUTOMETP.
Ponp nHeprmansHON cocraBisomeit B Takux IPS 3a-
BHUCHT OT THIIA apXHUTEKTYpBI, Ha 0a3¢ KOTOPOU peatu-
30BaHa MarHUTOMETpHYecKas 4acTh (AKTHBHAS WU
nmaccuBHasi). bonee moapoOHO 3TOT BONIPOC PacKphIT B
paszene cTaTbu, MOCBALICHHONW MarHUTOMETPHU.

[Ipu mo3urronnpoBaHUy Ha 6a3e TONBKO MHEPIIH-
QIPHOM TEXHOJIOTUH TpeOyeTcsi OMHOBPEMEHHOE HC-
M0JIb30BaHUE HECKOJIBKUX BUJOB MHEPIUAIBHBIX JaT-
ynkoB [14, 17]. Tak kak HEpUHATbHBIE AATYUKH, UC-
MONB3YIOMKECS B MOOWJIBHBIX YCTPOHCTBAX, UMEIOT
OOIBIIYIO TOTPEIIHOCTh U3MEPEHUMH, MCIOIB30BAHNE
TOJEKO MOOMIIBHBIX YCTPOHCTB B TAKHX CHCTEMaX He-
BO3MOXHO [3, 14]. Jlns IPS pa3pabarsiBaetcst oTneNb-

HOE€ YCTPOMCTBO, B COCTaB KOTOPOTO BXOIAT MHEPLIH-
AJIBHBIC TAaTYMKH ¢ 00JIee BBICOKOW TOYHOCTHIO. [Tomy-
YEHHOE YCTPOICTBO OOBIYHO 3aKPEIICTCS Ha CTOIE
00bEKTa, MECTOIOIOKEHUE KOTOPOro HEO0OXOIHUMO
onpenensrs [ 14, 26]. IlozummonnpoBanne oCyIecTs-
JseTcs 3a CcYeT (DPUKCAMU TPACKTOPHH JBIDKCHHUS
CTOIIBI MOJIL30BATENSI B MOMEHT OCYIIECTBICHHSI UM
miara. [71aBHast CIO)KHOCTH TaKOTO POIa CHUCTEM 3a-
KITIOYaeTCsl B ONPENEIICHNH caMoro (pakra denoBede-
CKOTO 1Iara W B UCKJIIOYEHUH BO3MOXKHOCTH Pacrio-
3HaBaHMS JIOKHBIX [IATr0B, TAK KaK 3TO MOXET IIPHBE-
CTH K OIIMOKE BEIYMCIIEHHI. B CBsI3u ¢ 3THM maHHBIE,
MOTYYEHHBIC ¢ WHEePIMATBHBIX ATYUKOB, TOIBEPra-
FOTCS CIIOKHOW MaTeMaTu4ecKoi oOpaboTKe.

1151 yBenr9IeHus TOYHOCTH ITO3UIHOHUPOBAHIIS B
HEKOTOPBIX CHUCTeMax HCIONB3YIOTC LHU(POBLIE
KapThl M TUTaHbI 30aHui [14, 17, 25]. Ha 6a3e mudpo-
BOH KapThl CTPOUTCS CBSI3HBIN Tpad, peOpaMu KOTo-
pOro SBJISFOTCS BCE BO3MOXKHBIE MYTH JABWKEHUS 110
30aHAI0. Pe3ynapTaTel HHEPIATBHBIX H3MEPEHHH CO-
MTOCTABIIAIOTCS C TIOCTPOCHHBIM Tpa)oM, U TEeKyIee
MOJIOKEHUE 00BEKTa KOPPEKTUPYETCSI B 3aBUCUMOCTH
OT pe3yIBTaTOB 3TOTO COMNOCTaBIeHMs. B cucremax,
KOMOMHHPYIOINX WHEPIUAIBHEIC TAaTIAKH C MAIIHH-
HBIM 3peHueM [25], Ui yIpoIueHus OpUCHTHPOBAHUS
o U poBoii KapTe BHYTPESHHNE IIOMEIIICHHUS TIOMeYa-
IOTCS CHEIUATHHBIMI METKaMU-OPHEHTUPAMH, H300-
PaXKEHHUSI KOTOPHIX MOXKHO pPAacro3HATh U COMOCTa-
BUTH ¢ 02301 JaHHBIX.

Marnutomerpus. [l omnpeneneHus: MoJoxe-
HUsA O6’b€KTOB BHYTPU NOMCHICHUA MOI'YT HpUME-
HATBCS CpeAcTBa MarHuToMeTpuu. PaccmarpuBae-
MBIt MeTOZl 6a3UpyeTCsl Ha U3MEHCHUN HAIPsHKEHHO-
CTH MAarHuTHOTI'O IOJISI B 3aBUCUMOCTHU OT KOOpAWHAT
o0beKTa B 37aHnH. B kauecTBe akTUBHOTO Masika IPS
Ha 0a3e MarHUTOMETPUHU HCTIOIB3YIOTCS YCTPOICTRa,
OCHAIIIEHHbIE MATHUTOMETPOM [2].

PasnmuaroT akTUBHYIO W MACCUBHYIO MarHHUTO-
MeTpuio [29].

ITaccuBHas MarHuToMETpuUs UCIIOJIB3YET IJIA 10~
3UIUOHUPOBAHUS 00BEKTOB KAPTY MATHUTHBIX MOJEH
3nanus [1,2,4,5,29,30-32]. DnexTpoobopynoBaHue
U MCTAJUIMYCCKUE KOHCTPYKIINU SHaHHﬁ BIIUSAKOT HA
(bukcupyeMoe 3HaYeHUE €CTECTBEHHOTO MarHUTHOTO
(oHa 3emutn, Aenas ero YHUKAIbHBIM B KOKIOH TOUKe
3ganus. B IPS, ocHOBaHHEIX Ha MACCUBHON MarHMTO-
METpPHH, OYEHb YaCTO B KaYeCTBE MASKOB HCIIOJIb3Y-
FOTCSI MOOMIIBHBIE YCTPOWMCTBA, MMEIOIINE BCTPOCH-
[30-33],
TOJIBKO ITpHEM, HO B 00paboTKy curHaia. Kakoit-nibo
JOTIOTHUTEIBHON HH(PACTPYKTYPBI, KPOME TOIBIK-

HBIN MarHuToMeETp BBIITOJIHAIOIIUE HE
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HOTO TpUEMHHKA, TAacCHBHAs MarHUTOMETpUS He
MpeayCMaTpUBACT.

IPS Ha 0a3e maccHBHON MAarHUTOMETPHH HCIIONb-
3yIOT B Ka4€CTBE aJITOPUTMa TIO3ULIMOHNUPOBAHUS TAKTH-
JIOCKoT4ecKyto uaeHtudukarto [1-3, 30, 31, 33, 34],
AJITOPUTM KOTOpOH BKitodaeT 2 atana [3, 30, 31, 33]:

1. [IpenBapuTeNbHBIA 3Tal cOOpa JaHHBIX, HA KO-
TOPOM U3MEPSAETCS HANPSKEHHOCTh MAarHUTHOTO
TOJISt B KaXKIOM TOUKE 3/[aHusl ¥ 3aIiCh MOMYYEHHBIX
n3Mepennii B 6a3y maHubix (B1). COop maHHBIX MO-
KET OCYIICCTBILITHCS KaK BPYIHYIO, TaK ¥ C HCIONb-
30BaHMEM aJITOPUTMOB MalIMHHOTO 00y4yeHnusd. B nep-
BOM CITy9ae oneparop 0OXOmUT 34aHue, 3aMepsist ypo-
BEHb MarHUTHOTO TIOJIS1 B PA3NIMYHBIX TOUKAX 3aHUS
BPYYHYIO W TaKXkKe BPYUYHYIO NOOaBJIsAs Pe3yNbTaThl
mmepennit B bJ[ IPS. Bo Bropom ciydae omeparop
TaK)xe OOXOIUT 3/1aHUE, HO BBIOOP TOYEK, BHITIONHE-
HUE 3aMePOB U 3aHECEHHE Pe3yIbTaTOB U3MEPEHHI B
B/l cuctembl oCyIIeCTBISETCA NPHU MOMOILIU CIIEIH-
aJBHOM Tporpammbl, pa3paboTaHHOW Ha 0Oaze airo-
PUTMOB MalIMHHOTO 0Oy4YeHUsl. DTOT 3Tall SBIISAETCS
TPYAOEMKHUM U 3aHAMAET MHOTO BPEMEHH.

2. Drtan no3unoHupoBanusd. Ha stom stane mo-
JIBWKHBI TIPUEMHHK 3aMepsieT 3Ha4eHWEe MAarHuT-
HOTO IT0JIS1 B KOHKPETHOM TOUKE 3MaHWS, U MOTyUeH-
HbIC UBMEPCHUS CPABHUBAIOTCA C JaHHBIMH, XPaHALIN-
mucst B B/I. Tlpu nannuuu B B/ coBmanenuii cuura-
€TCs, YTO MECTOITOJIOKECHHE O0BEKTa OOHAPYKEHO.
B cuny Toro, uTo TOUHOE COBNaJIeHUE AaHHbBIX U3 B[
C pe3yjbTaTaMH U3MEPEHUH Ha CTOPOHE MPHUEMHUKa
HEBO3MOXXHO, U3MEPEHHBIC 3HAYCHUS TIOIBEPTalOTCs
MPOrpaMMHOIl (DUIBTpaly, aNropuT™M KOTOpPOH OT
peamuzaru IPS. B [33] s ¢punsTpannn u3MepeHui
MIPUMEHsIETCS MeToT Orkaiimero cocena. B [31] mist
00pabOTKH PEe3yIbTaTOB HM3MEPEHHI HCIONIb3YeTCs
LIEJBIN Pl aJITOPUTMOB, BKJIIOYAIOIINH B ce0s1 METOI
OnKaiIIero cocena u (GHUIIBTPAIHIO HA OCHOBE aJIro-
PUTMOB HEHPOHHOM ceTu.

21_]'[5{ TMOBBIMICHUA TOYHOCTHU MO3HUIIUMOHHUPOBAHUSA
MHorue IPS uCHonme3yloT [ONOMHUTENBHBIE IPO-
rpamMMHbIe QUIBTPBI. Yalie Bcero 3To pa3MvHbIC Ba-
puanuu ¢punsrpa Kamvana [30, 31]. TouHOCTB Maccus-
HBIX MarHuTomerpuyeckux IPS cocraBisier B cpennem
1...2 M [4]. OcHOBHOI HEAOCTATOK MO3UIIMOHUPOBA-
HUs Ha 0a3e MacCUBHOM MarHUTOMETPUH 3aKIIF0YAETCsl
B TOM, YTO Ha €CTECTBEHHBI TE€OMAarHUTHBIN (OH MO-
T'YT BIMATH PA3TIMYIHBIC HIICKTPUIECKIE MPUOOPHI, TPo-
BOJIKa, METAJNIMYECKUE KOHCTPYKIMU U 1p. B cBsizu

1B HekoTopsix IPS npexycmoTpeno npoBeneHne cepruu Takux
HU3MEpPEeHUH.

COTUM TMACCHBHYI0 MATHHUTOMETPHUIO YacTO COBMeE-
HIAOT C APYTUMH TEXHOJIOTUSMH JIOKAITEHOTO TTO3HITH-
onnposanus [31, 32].

B [31] onucana rubpumHas cuctema Ha 0a3e Tex-
Homorun Wi-Fi m maccuBHON MarHutomerpuu. [lo-
cKoJbKy TexHonorus Wi-Fi obnamgaer HU3kol TOYHO-
CTBIO MO3UIIMOHUPOBaHUA (3...25 M), MacCUBHAsI Mar-
HUTOMETPUS 3[1€Ch UCIIONB3YETCSI KaK JOTOIHUTENb-
Has TEXHOJIOTHS, TO3BOJISIOIIAS IOBBICUTH TOYHOCTb.
B kadecTBe MONBM)KHOTO MPUEMHHKA B yKAa3aHHOMN
CUCTEME HCTIONB3YIOT MOOMILHOE YCTPOUCTBO, 000-
PYOOBaHHOE BCTPOSHHBIM MarHuToMeTpoMm. Jlis
OTpeIeICHUS MOJIOKEHU 0OBEKTOB CUCTEMA HCTIONb-
3yeT alTOpUTM NaKTHIOCKOIMYECKOH HICHTU(HKA-
[IAH, 9aCTO MCIOIb3yEMbI HE TOJIBKO B ITACCUBHOU
MarHUTOMETPHH, HO ¥ B MTO3UITMOHUPOBAHUY Ha Oa3e
texHosoruu Wi-Fi. Ha atamne cOopa maHHBIX aBTOPHI
HCTIONB3YIOT CaMOOOYYarOIIyIOCsl HCKYCCTBEHHYIO
HEIPOHHYIO CETb.

[TaccuBHYI0 MATHATOMETPHIO TaKKEe OOBEIUHSIOT
C MHEepUMaIbHOMN TexHojoruen [32]. B kagecTse mpu-
€MHHKa B TIPE/ICTABJICHHON CHCTEME TaK)Ke MCIIONb3Y-
eTcst MOOMITBHOE YCTPOHCTBO, IIOMUMO MAaTHUTOMETPA
HMeIolIee BCTPOCHHBIC WHEPIUAIBHBIC TaTINKH (aK-
CellepOMeTp U rupockor). B kauecTBe anropurma mo-
3HUIMOHAPOBAHMS HCTIONB3YETCSI JAKTHIOCKOITNUECKAsT
uaeHTUUKAIWS. [I7151 TOBBIIIIEHIS TOYHOCTH ITO3HITH-
OHHPOBAHUS MPEATIOKEHO UCTIOIB30BATh METO, COTIO-
CTaBIICHMS U(PPOBBIX KAPT, KOTOPHIE MOTYT OBITH 3a-
IPY’KEHBI B CUCTEMY WIJIM CTEHEPUPOBAHbI aBTOMaTHYE-
CKH B Tpo1iecce ee paboThl.

[TozutmonnpoBanme Ha 6a3e TaCCUBHON MarHUTO-
METPHUH 00JIaIaeT CIICAYIOIUMH PEUMYILIECTBAMHU:

— 71t GYHKIIMOHUPOBAHUS CHCTEMBI IOCTATOYHO
aKTUBHOTO Masika [3, 29, 33]; HeoOXoAMMOCTb B JIOTIOJ-
HUTENBEHON HH(PACTPYKTYPE OTCYTCTBYET;

— aBTOHOMHOCTb,

— BBICOKas 3aIuIeHHOCTh [PS BeiencTre oTcyT-
CTBUS JOTIONHUTEIBHON HH(PPACTPYKTYpPHL. DTO TO3-
BOJISIET CHU3UTH 3aTpaThl HAa pPa3paboTKy IOMOJHH-
TEIBHBIX CPEACTB C LENBIO YIOBICTBOPEHHUS TpeOoBa-
HUIA 110 HHPOPMATUOHHON O€30IIaCHOCTH, MIPEITyCMOT-
PEHHBIX JUIs cUCTeM 00pabOTKH M Tiepeadn TaHHBIX,
HCIIONB3YEMBIX B 00JIaCTH 3APaBOOXPAHEHHS Ha TEPPH-
topuu Poccuiickoit @enepanny;

— paboToCIIOCOOHOCTS MPU OTCYTCTBHHU TPSIMOI
BUIIMMOCTH MEKIY HCTOYHHKOM U TIPUEMHHKOM CHTHAJIA
BBHJIy CJIa00OTO 3aTyXaHWsl TEOMarHUTHOTO IOJIS TIPH
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MIPOXOXKICHUH Yepe3 CTEHBI U MOTOJIOYHbIE TIEPEKPhI-
tus [34]. Oto ynpomaer IPS u ynemesnsier poriecc ee
MIPOEKTHPOBAHMS;

— OTHOCHUTENIFHOE IMOCTOSHCTBO MH(OPMALIMOH-
Ho#t 6a3s1 IPS — mMarauTHOTO MO 3EMIIK — B TCUCHHE
JUTUTETTHLHOTO BPEMEHH.

K Hemocratkam macCMBHOW MarHUTOMETPUU
MOXKHO OTHECTH:

— BIIMSIHUE Ha TOYHOCTD MMO3UIMOHNPOBAHUS Mar-
HUTHBIX TTOJIEH HU3KOM vacToThI [1, 3, 5];

— HU3KYIO TOYHOCTH (0KkoJ0 1.5 M) [4, 57;

— BBICOKYIO CJIO)KHOCTh TEXHMUYECKOW peasin3a-
UM, CBSI3aHHYIO C TPYAOEMKOCTEIO Tpoliecca coopa
TAHHBIX JJIS IOCTPOCHISI MATHUTHOH KapThI, a TAKKe
C QJITOPUTMHUYECKOH CIIO)KHOCTBIO BBIUHCIEHUH, TPH-
MEHSEMBIX JIJISl IPOTPAaMMHOM (UIIBTpaIliK pe3yibTa-
TOB U3MEpEHU [5].

AKTHBHAsT MAarHATOMETPHS HCIOIB3YeT LIS
OTIpeNIeICHUs TIOJNIOXKEHHSI 0OBEKTOB TeHepaTophl UC-
KyCCTBEHHOTO MarHuTHoro moss [29, 34-38]. B co-
CTaB TAaKOTO T€HEepPaTopa BXOAUT KaTYIIIKa MHIYKTHB-
HOCTH, TIpH 1oJja4e TOKa (TOCTOSHHOTO, TIEPEMEHHOTO
WA UMITYJIbCHOTO) CO3MaroIasi BOKPYT ce0s MarHUT-
HOE IT0JIe OTpeIeIeHHON KoHduryparmu (crarroHap-
HOE, TIEPEMEHHOE M UMITYIIbCHOE COOTBETCTBEHHO).
IPS ¢ wucmonk3oBaHHEM IOCTOSIHHOTO MarHUTHOTO
MOJIsl B HAacTOAIIEee BpeMsl HEe HallTd IUPOKOTO TPH-
MEHCHUS, TTOCKOIBKY ATH ITOJS HEBO3MOXKHO OTHE-
JUTH OT MarHUTHOTO TIOJISI 3eMITH, BHOCSIIIETO TIOTPETII-
HOCTb B pe3yJIbTaThl H3MEPEHHH, UTO HE ITO3BOJISIET MPO-
BECTH U3MEPEHHS C IOCTaTOYHON TOUHOCTEHIO.

[puaun padoter IPS Ha 6ase ABYX Jpyrux KOH-
¢urypanuii MarHUTHOTO TIOJSI TPOMJUTIOCTPHUPOBAH
puc. 1. I'enepartop co3aeT NCKyCCTBEHHOE MAarHUTHOE
Tone Hy>kKHO# koH¢uryparmu. [1oaBHXHBIN IPUEMHUK
000pyIOBaH MarHUTOMETPOM JUTS TPOBEICHUS M3Me-
pennii. KonTposiep ynpapisier paboToll reHepaTopa
MarHuTHOTO TIONIsA. AHanoro-mudpoBoli MHTEpdEC
mpeo0pasyeT aHAJOTOBBIE CHUTHABI OT IOJBH)KHOTO
MPUEMHHKA B IH(POBEIE JJIs1 BRIYUCICHHS MECTOIIONO-
JKEHIS PUEMHUKA, a TAKXKE BEIPA0aTHIBACT IU(PPOBHIC
CHTHAJIBL, HEOOXOMUMBIE T (DYHKIIMOHUPOBAHUS KOH-
Tpoyiepa. BerauciuTtens paccuMThIBaeT KOOPIWHATHI
TEKYIIETO MECTOTOJIOKEHUS TIOIBUKHOTO MTPUEMHHKA
OTHOCHUTEJIBHO T'eHepaTopa MarHUTHOTO TOJIS, a TAKXKe
OTBevaer 3a ynpasienue [PS.

O06o0Omennast apxutekrypa IPS Ha 6aze akTuB-
HOW MarHUTOMETpUHU M300pakeHa Ha puc. 2. [o me-
PUMETpY 3[1aHHUs YCTAHOBJIEH PsiJi T€HEPAaTOPOB Mar-
HUTHOTO TIOJIS, Ha3bIBAEMBIX OINOPHBIMH CTAHIMSIMHU

T'eneparop TTonBHKXHBII
ﬂeTele/IHPIpOBaHHOFO HpI/ISMHI/IK
MAarHUTHOTO IOJIS

!

Kontposnnep

Amnanoro-nuugpoBoit
uHTepdeiic

Beraucnurens

Puc. 1. ITpuarm pa6oter IPS Ha 6aze reHepanyin MarHUTHBIX
HOJIEH UMITYJIbCHOH MM IIEPEMEHHOH KOHPHUTypaIiu

Fig. 1. The Operation Principle of IPS based on the Generation
of Magnetic Fields with Impulse or Alternating Configuration

WM SKOPSIMHM, KOOpAMHATHI KOTOPBIX 3apaHee W3-
BeCTHBI cucteme. I[IpueMHUK TpeacTaBiser coOoi
MHUKPOCXEMY CO BCTPOEHHBIM IU(PPOBBIM MarHUTO-
MeTpoM. ['eHepupyemoe sKkopeM MarHuTHOE I10J1€ BbI-
3bIBA€T MHIYKIMOHHBIA TOK B LEMSIX MPUEMHHUKA.
Paccrosinue Mexny NHOABMKHBIM TNPUEMHUKOM H
OIOPHOHM CTaHLUMEH OLIEHWBAETCS II0 3HAYEHMIO
HaIpsHKeHUs Ha BBIXOJIE PE30HAHCHOI'O KOHTYpa MpH-
eMHuKa. [lonoxeHne mprueMHHKa B TIOMEILEHUH Olle-
HUBAeTCsl MPHU IMOMOLIM aJTOpUTMa TpUJIATEPaLIUu.
ConracHo 3TOMY alrOpUTMY, AJIsl OpeAeIeHUs 10JI0-
JKCHUA NPUCMHHUKA B €ro 30HC BUAUMOCTU HOJIKHBI
MPUCYTCTBOBATh Kak MUHUMYM 3 sikopst [34-38]. [a-
Jiee BBIYUCIISAIOTCS PaCcCTOSHUS MEXKAY IPUEMHHUKOM 1
skopsMu. [lpennonaraercsd, 4To NPUEMHHUK Haxo-
JIUTCSl Ha TIEPECEUEHUN TPEX OKPYKHOCTEH C paany-
CaMH, PaBHBIMHM PACCTOSHHMIO OT KaXXIOro U3 Tpex
sikoper 1o mpuemMHuka. Ha 0oCHOBaHMM M3MEpPEHHBIX

f Iomemenne f
Sxopp 1 \ _ - Slxops n
~ ( ) e
~N 7

WiFi/
Bluetooth [Mpuemunk
e S
e ~
N
7 | N N
S/ I[TanueHT @
Sxops 2 Slxops N
LlenTpanbHbIH
cepBsep —
APM
omeparopa IPS

Puc. 2. Obo6menHas apxutektypa IPS Ha ocHoBe
aKTUBHOMU MaroHuTOMETPpUH

Fig. 2. Generalized Architecture of IPS based on
Active Magnetometry
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PAcCTOSIHUM BBITIONHSIOTCA BBIYUCIEHHS, pe3yibTa-
TOM KOTOPBIX SIBISTIOTCS KOOPAWHATHI IIPHEMHHKA
[34-38]. TlomoxkeHHWE MOXET OIPEACTATHCS JIMOO
HETIOCPEICTBEHHO B MPHUEMHHKE, €CITH OH 000pYIOBaH
BBIUMCITUTEIBHBIM YCTPOMCTBOM, WJIM Ha LIEHTpaJlb-
HOM cepBepe CHUCTeMBbl. B mepBoM ciiydae mpueMHHK
nepeaeT eHTPABHOMY CepBEpY KOOPIHHATEI CBOETO
MOJIOXKEHHS, BO BTOPOM — JIaHHbIE, MOJyYEHHbIE OT
OTIOPHBIX cTaHIwi. [lepenada JaHHBIX OT TOABMKHOTO
MPUEMHIKA Ha IIEHTPAJIBHBIN CepBep Jalie BCEro 0Cy-
mectisierca 1o uHTepdericy WiFi mm Bluetooth.
LlenTpaybHBI cepBep 0OpadaThIBaeT NAHHBIC, TIONY-
YEeHHBIC OT MTOIBIDKHOTO IPHEMHUKA, U TIePEIacT NX Ha
aBTOMaTH3UpOBaHHOE pabouee Mecto (APM) omepa-
TOpa IS MX TIOCTICAYIOIICH BU3yaIH3aIIUL

[lepenaga DaHHBIX MEXAY OMOPHBIMH CTaHIIH-
SIMM 1 TIPUEMHUKOM BO3MOXHA C MCIOIb30BAaHHEM
MOZIYIISIUA MarHUTHOTO TIOJISI HAa CTOPOHE SKOPEHi.
CxeMbI MOIYISIINH Pa3IHYaroTCs B 3aBUCHMOCTH OT
KOH(UTYpaLlUd T€HEPUPYEMOTO0 MATHUTHOTO MOJIA.
[Ipy wcnonbp30BaHUM TEPEMEHHOTO MArHUTHOTO
OJISI UCTIONB3YETCS BPEMEHHOE HIIH YaCTOTHOE Pa3-
nenenne [34-36]. Kaxnas onopHas CTaHLUS TeHe-
pHpYET MarHUTHOE IOJIe TIPH BPEeMEHHOM pasfelie-
HUH B OTBEJEHHBIN €l BpeMEHHON HHTEpBA, MPHU
YAaCTOTHOM — B CBOEM YAaCTOTHOM JAuana3oHe. Takoi
MTOJIXOM TIO3BOJISICT OCYIIECTBIATH IIepeiady JaHHBIX
OITHOBPEMEHHO HECKOJIBKUMH OMOPHBIMH CTaHIIH-
SIMH, YTO CIIOCOOCTBYET JOCTIKCHHIO OONbIIeH Ya-
CTOTBI UBMEPEHU.

ToYHOCT IO3UITMOHMPOBAHNS Ha 0a3e ePEeMEHHBIX
MarHUTHBIX IIOJICH 3aBUCHUT OT HAJIMYUsA B nmoMeuie-
HUHM ¥ KOHCTPYKIMSX 3[aHHUS TOKOIPOBOISIINX dJIe-
MEHTOB, TaK KaK 3T ITOJsI HABOIAT B HUX BHXPEBHIC
TOKHU, BIUSAIOIIME HA pe3y/bTaThl u3MepeHuil. Benen-
CTBUE ITOTO HCTONB30BaHue Takux [PS 3aTtpynHeHo B
3AaHUAX, UMCIOIINX )Keﬂe306eTOHHI)I€ KOHCTPYKIIUN
U IEKTPUUECKYI0 NpoBoAKy [34]. [lyig no3unuoHu-
pOBaHUS B 3IaHUSX C JKEJIE300€TOHHBIMU KOHCTPYK-
IHUAMHA HaI/I60.]'IeC MMPUMCEHHUMBI UMITIYJILCHBIC MarHuT-
HBIC IIOJIA. 32]er A niepeiadyni JaHHBIX UCIIOJIb3Yy-
€TCsl UMITYJIbCHAsl CXeMa MOIYJISILIMY, COIIaCHO KOTO-
pOii TeHepupyeTcsl MOCIEA0BaTeIbHOCTh UMITYIbC-
HBIX MarHUTHBIX TOJIEH pa3nuyHON opueHTaruu [35,
36], 4uro mOCTUraeTcsi W3MEHEHHEM HaIlpaBJICHUS
TOKa, ITOCTYMAIOIIEr0 Ha KaTyLIKy WHIYKTUBHOCTH
sxopsi. Kaxknast Takas mociieoBareIbHOCTh OTAES-
€TCsl May30ii, IPU KOTOPOM BCce reHepaTopbl MarHuT-
HOTI'O ITOJISI BBIKJTFOYAKOTCA. HpI/ICMHI/IK HU3MEPACT Kax-
IBIH TakOW MMITYJIEC, U HA OCHOBAaHHWH IMONTYyYCHHBIX

JAHHBIX BBIYUCISIET €r0 MeCTOHaxXokaeHue. [Ipume-
HEHHE UMITYIIbCHOTO MarHUTHOTO ITOJIS IIO3BOJISIET U3-
0eXaTh BIMSAHUS BUXPEBBIX TOKOB, HABOAUMBIX TOKO-
MIPOBOMASAIIMMY 3JIEMEHTaMH, Ha TOYHOCTH MTO3HIINO-
HupoBaHwus [35-38].

YacroTa U3MepeHuii IPH UCTIONB30BAHUN HMITYJTb-
CHBIX MAarHUTHBIX HOJICH Ha MTOPSIOK HIDKE YaCTOTHI H3-
MEpeHHH B ClIydae MEepPEeMEHHOTO MArHHUTHOTO IO
BcenenctBre  3TOr0  MECTOIONIOKEHHE  TBIDKYILETOCS
00BEKTa MOXKET OIPEAEIISTHCS C 3aJCPKKaMH, 9TO He-
TIPUEMIIEMO TSI CHCTEM PealTbHOTrO BpeMeHu. laxe 1o-
clie TIPOBEICHHSI XUPYPTUUESCKOTO BMEIIATEICTBA T1a-
LFEHT MOYKET TIePEeMEIIaThCS 110 3MAHUIO KITMHUKH, T10-
3TOMY JIr00ast BpeMeHHasl 3aJieprkka rpu padore [PS mo-
JKET TIOMEIIaTh €ro CBOCBPEMEHHOMY OOHApPYKCHHUIO B
Cllydae Pe3KOro YXYIIICHHUS IIOKa3areieil >Ku3Hemes-
TEJLHOCTH.

715 IOBBIMIEHNST TOYHOCTH MO3HIUOHUPOBAHIIS
1 YMEHBIICHHUS BIUSHUS 2JIEKTPOMAarHATHBIX TTOMEX B
AKTHBHOW MArHATOMETPHUH MPUMEHSIOT JOTOTHH-
TeJbHBIC U(POBBIC PHILTPHI (Jale BCEro aaarTHB-
Hble) B auddepeHIrpoBaHNe MATHUTHBIX CHUTHAJIOB.
Cucrema [35] noapazaenser NOTyYeHHBIE HIEKTPO-
MarHUTHBIC CHTHAJIBI HA OTJCIbHBIC KIaCTePB TAKIM
00pa3oM, 4TOOBI KaXKIbIi KjacTep BKIIOYAl B cels
N3MCPCHHS, MOMYUCHHBIC B TCUCHUEC OOHOI'O MHTEP-
Bajyia MEXKAY MEPEKIIOUCHUEM HaIpaBICHHS TOKa Ha
OTIOPHBIX CTaHIWAX. [ paszereHus CUTHAIIOB
OTIPEICIISICTCST B3aMMHAsI KOPPEIALS MEKIY CHUTHA-
JIOM, 3aXBa9CHHBIM MPUEMHUKOM, H CUTHAJIIOM OTIOP-
HOU cTaHiuu. Takxke B IENSX MOBBIIIEHUS TOYHOCTH
TMO3UIITMOHUPOBAHUA B IEPEMEHHOM MArHUTHOM IIOJIE
WM YBETIMYCHUS CKOPOCTH MTO3UIIHOHUPOBAHIS B M-
MYIECHOM MarHUTHOM TIOJIE aKTHBHYIO MarHATOMET-
pUI0 KOMOWHUPYIOT C APYTUMH TEXHOJOTHSIMH, B
YaCTHOCTH, ¢ MHepHHanbHoi [36—38]. st mo3ummo-
HUPOBAHUS B TPEXMEPHOM MPOCTPAHCTBE HEKOTOPHIE
CHCTEMBI BKJIFOYAIOT B CBOM COCTaB 6apoMeETp, 3a CUET
KOTOPOTO MOYKHO OIIPEICIISATh BHICOTY OOBEKTA CIICHKe-
Hus. Cucrema [36] ucnons3yer mukpocxemy ADIS
16480, coneprkalyto Takue IUPPOBbIC JaTUUKH, KaK
aKCeJIepOMETp, THPOCKOM, 0apoMeTp, MarHETOMET,
JATYHK TEMIEePaTyphl U 1p. TeXHIUeCKUe XapaKTepH-
CTUKH JTaTYUKOB MUKPOCXEMbI NPHUBOIAATCA B JTOKY-
MEHTAI[M Ha MHUKPOCXeMy. B momojHeHue K 3aBOi-
CKOW KaTMOpOBKE JaTdrKa B PEKUME PEATBHOIO Bpe-
MCHHU BBIIIOJIHACTCA WHAWBHUAYaJIbHAsA OIICHKa I10-
IPEIIHOCTH U3MEPEHMUS, YTO 0OSCIICUMBACT KOPPEKTH-
POBKY cHcTeMaTHdeckoi morperHocta. HabmroneHust
32 OTHOCHTENBHBIM IABICHHEM BO3/IyXa IO3BOJLIOT
OTIPENIEINTD BHICOTY C TOUHOCTHIO MeHee 0.5 M.

14 Mal"Hl/lTOMeTpl/Ifl, AKYCTHY€CKHUE U HHEePUHAJBbHbIC TEXHOJOIMH JIOKAJIBLHOI'0O

MO3MIIMOHUPOBAHUA B 3/IPABOOXPAHCHUH

Magnetometry, Acoustical and Inertial Indoor-Positioning in Healthcare



N3Bectns By3os Poccun. Pagnosnexrponnka. 2020. T. 23, Ne 5. C. 7-23
Journal of the Russian Universities. Radioelectronics. 2020, vol. 23, no. 5, pp. 7-23

K npocromHcTBaM aKTUBHOM MarHUTOMETPUHU
MOXHO oTHecTH [34-38]:

— OTCYTCTBHE HEOOXOIMMOCTH MPSAMOI BUIUMOCTH
MEXIy MCTOYHHKOM M NPHUEMHHUKOM CUTHaja H3-3a
HE3HAUYUTEJIbHOTO 3aTyXaHHs MarHUTHOIO IOJIS IIPU
MIPOXOXKIEHUH Yepe3 CTEHBI U MOTOJIOYHBIE TePEKPBITHS
(ecru mepeKphITHE BKITIOYACT B ceOsl TOKOIPOBOMASLIME
IEMEHTBI, TO MPUMEHAETCS NO3ULMOHUPOBAHUE B MM-
MYJIbCHOM MarHUTHOM I10J1€);

— MEHbLIee, [10 CPABHEHUIO C CUCTEMaMHU I1aCCUB-
HOM MarHUTOMETPHH, BIUSHIE HU3KOYaCTOTHBIX Mar-
HUTHEIX TIOJIEH;

— BBICOKYIO TOYHOCTb TIO3ULIMOHUPOBAHMUSL.

Henocrarku aktuBHOM MaruuTometpuu [34—38]:

— BBICOKasi CTOMMOCTh 000pYAOBaHUS;

— BBICOKas CJIOKHOCTH MPOEKTUPOBAHHUS, TEXHH-
YeCKOM peanu3alyy U pa3BepThIBAHUS;

— MaJblil paauyc cBszu (1o 16 m);

— HHU3Kasl TOYHOCTH IMO3UIIMOHUPOBAHMS B 3/1a-
HUSAX C KOHCTPYKLMSIMM, COAEPIKALIMMH TOKOIIPOBO-
JAIIKE SJIEMEHTBHI, IPU UCIIOJIb30BaHUU MTEPEMEHHBIX
MarHUTHBIX I0JIEH;

— HEBO3MOXXHOCTh MO3UIIMIOHUPOBAHUS TTOABIK-
HBIX 00BEKTOB B PEKUME peajbHOr0 BpeMEHH IpH UC-
I0JIb30BaHUH UMITYJIbCHBIX MAaIrHUTHBIX T1OJIEH;

— Oonbme rabapuThl MPUEMHUKA U OMOPHBIX
CTaHINH.

Buennuii BUJ IpYMEMHUKA HAIIPSMYIO 3aBUCUT OT
peanu3anuy KOHKPETHON CUCTEMBI, TaK KaK TOTOBBIX
KOMMEPYECKUX PEeLIeHUH sl TAKOro pojia MpUeMHHU-
KOB HE CYILLECTBYET. 3a4acTyl0 IPUEMHUK MpeICTaB-
TseT co00M MUKPOCXEMY, 3aMasHHYIO B KOPITYC, KOTO-
pasi KpemuTCs Ha OISk Ty WM Ha TeJI0 00bEKTa OTCIIe-
KUBaHUs. BMecTe ¢ TeM CylIecTByIOT CUCTEMBI, B KO-
TOPBIX TabapUTHl MPUEMHUKOB JOCTATOYHO BEIHKU
JUTS KCTIONTb30BAHUS B KQYE€CTBE MOCTOSHHO HOCHMOTO
ycTpoiictBa (OOBIYHO OHM IPEBBIMIAIOT TabapUTHI
CTaHJIAPTHOTO CMapT(OHA), YTO MOXKET JOCTaBISThH
JUCKOM(OPT TAIMEHTY.

Heo0xomuMo 0TMETHTB, YTO TOYHOCTh MO3UITHO-
HupoBanus B IPS, ucnonp3yromux MarHUTOMETPHIO
(kKaK aKTHBHYIO, TaK U NMACCHUBHYIO), CHUKAIOT CHJIb-
HbIE [TIOMEXH, TeHEpUpYEMble TPUMEHEMBIMU B Me-
JUIUHCKUX YYPEXKIEHUSIX MarHUTHO-PE30HAHCHBIE
ToMOTpadbl M PEHTTCHOBCKHE YCTAHOBKH.

AKycTH4yeckoe mosunuonuposanme. [Ipu onpe-
JICTICHUN MECTOITOJIOKEHHS 00BbEKTOB Ha 0a3e aKyCTH-
YECKUX TEXHOJOTHH HCTIONB3YOTCS CBOWCTBA 3BYKO-
BBIX BOJH. J{JIs1 HAXOXKIIEHUS] PACCTOSHUS MEXIY UC-
TOYHUKOM Y IIPUEMHUKOM 3ByKOBOI'O CUI'HaJIa IIPUMeE-
HAIOTCS CIIeAyIolue MeToasl [2, 6, 39—43]:

— Time of Arrival (TOA) — meTon, paccyuTbIBa-
IOLUH paccTOSTHUE 10 BPEMEHU NPOXOXKACHUS aKy-
CTUYECKOTO CUI'HaJa OT UCTOUHUKA K IPUEMHUKY;

— Time Difference of Arrival (TDOA) — meTon,
HCTIONIB3yeMBIi B CHCTEMAaX C TpeMs U Ooiee IpueM-
HuKaMu. PaccTosHue 0 MCTOYHMKA aKyCTUYECKOIO
CHUTHaJla ONpeeNsieTcs 3a CUeT pa3HHULIbI BO BpEMEHH
MPUOBITHS CUTHAJIA HAa pa3HbIe IPUEMHUKH [44].

Hcnonb3oBaHue yKa3aHHBIX METONOB TpeOyeT
CHUHXPOHU3AIMU 110 BPEMEHH, YTOOBI pa3HbIE Iepe-
JAaTYNKHA HE BEIA OTHOBPEMEHHO BO HM30CKaHWE
KOJUTU3MH. 151 ollpeeeHus MOJIOKEHUs OOBEKTa 3a-
YacTyI0 HCHONB3YIOT AaJTOPUTM TpHJIAaTepaluu U
MynsTHIATepanuu [2, 6, 39, 41, 45].

AKYyCTHYECKHE CHUCTEMBI IO3MLMOHUPOBAHUS
HOZIBEPKEHBI 3 (PEKTYy MHOTOIYUEBOIO paclpocTpa-
HEHHS W Pa3IHYHBIM ITyMaM, 9TO CKa3bIBaeTCs Ha
TOYHOCTH MO3UIIMOHUPOBAHUS. JIJIs1 TOTO YTOOBI CHU-
3WUTH BIMSHHE IIIyMa Ha Ka9€CTBO aKyCTHYECKOTO CUT-
Hajla, MPUMEHSIOTCS IOMOJHUTEIBHBIE IPOrpaMM-
Hble (DUIBTPHl (HANpHMeEp, CKPeMOIHpPOBAaHUE aKy-
CTHYECKOTO CHTHAJla C MCIONB30BAHNEM KOJa ITICEB-
nomyma [39] uimu koo [omnna [41]).

IPS Ha 0Ga3e akycTHKH MOApPA3AESIOTCS Ha 2
OONBPIIMX KJIacca: CHCTEMBI Ha 0a3e CIBIIIAMOTO
3ByKa W YJIBTpa3ByKoBble cucteMbl [2]. IPS Ha 0aze
CJIBIIIIMOTO 3ByKa MCIONB3YIOT TEXHOJIOTHIO HaHeCe-
HUS MU(PPOBHIX BOITHBIX 3HAKOB HA YK€ UMEIOIIIIACS
3BYK [2].

udposoit BomsHOI 3HAK MpeACTaBIIeT COOOM
0CO0OBIM 00pa30M 3aKOAMPOBAHHYIO MOCIIEIOBATEIb-
HOCTB ayHOCHUTHAIIOB, HECYIIIYIO OTIPEICICHHYIO HH-
(dhopmanmro. DTa MOCIENOBaTENBHOCTh AyTMOCHTHA-
JIOB HAaKIaIbIBaeTCSI HAa OCHOBHYIO 3BYKOBYIO IO-
POKKY B HE BOCHPHHHMACTCS YETIOBEUCCKAM CITyXOM.
B ciyuae IPS B xauecTBe LU(PPOBBIX BOASHBIX 3HAKOB
KaXIBId HCTOYHUK TPAHCIUPYET B OKPYKAIOIIYIO
cpeny HHGOPMAIUIO O CBOEM MECTOIIOJIOKEHHUH.

B kauecTBe mpHEMHHKa BBICTYNIACT MHUKPO(OH
(vame Bcero BCTPOCHHBI B MOOMIIBHOE YCTPOWCTBO).
[ocrtynaromuit Ha MUKPOQOH 3BYKOBOW CUTHAI aHa-
JU3UPYETCS, U HA OCHOBE IOJIyYECHHBIX JAaHHBIX Me-
TOAOM TpuUJIaTCpaliu pacCUYUTHIBACTCA IIOJIOKECHUEC
IpueMHUKa. Takoro poma CUCTEMBI HCIOIB3YIOTCS B
OOIIECTBEHHBIX MECTaX, TPAHCIUPYIOLIUX MY3bIKY U
ayIrocooO0IeH s (HalpuMep, TOProBble W pa3BiIeKa-
TEeJIBHBIC IICHTPHI). TeopeTHdecku BO3MOXKHO CO37a-
Barb [PS Ha 6a3e MCKYCCTBEHHO T'€HEPHUPYEMBIX 3BYKO-
BBIX CUTHAJIOB.

B nenom onpeneneHue MONOXKEHUsS MALUEHTOB B
3[aHUM CTAIOHApa NP MTOMOIIY CIBIIIIMOTO 3ByKa
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HMMeeT MHOTO HEJIOCTaTKOB U HE PEKOMEH1yeTCsl K pH-
MeHeHHIo. Mcnonp3oBanne IU(POBBIX BOAIHBIX 3Ha-
KOB TpeOyeT YCIIOKHEHHUS CHCTEMBI, a caM 3BYK (KaK
UCKYCCTBEHHBIH, Tak U (DOHOBBIN) CO3Ja€T IIYMOBOE
3arpsA3HEHNE U HEraTUBHO BIIMSET Ha IICUXUYECKOe U
¢u3IIecKoe 300pOBbE YETIOBEKA.

VnbrpaszsykoBsie [PS ucmons3yror amst mo3ummo-
HUPOBAHUS 3BYKOBBIE YacTOTHI, HE BOCIPUHUMAaEMbIE
yenoseueckuM yxoM (40...130 k['u). Paguyc cBsizu Ha
0aze ynbTpasByka coctapisier ot 3 1o 10 M. OCHOBHBIM
MPENMYIIECTBOM YIBTPa3ByKa SBISIETCS TOT (DAKT, 9TO
OH IPAKTUYECKH HE PACTIPOCTPAHSICTCS CKBO3b CTCHBI
Y TIperpaibl, TEM CaMbIM 00eCTIeurBasi TOUHOCTh TIO3H-
LIMOHUPOBAHUS B KOHKPETHOM ToMmeleHuu [2, 6, 39,
42, 46].

IPS na 6a3e ynmsrpa3Byka MOTYT ObITh aKTHBHBIMHU
1 nmaccuBHbIMU [2]. B [46] onucana rubpunnas IPS Ha
0aze ynpTpa3Byka M PpaJHOYacCTOTHOH TEXHOJOTHH,
CrocoOHast paboTaTh B JBYX pPEKUMaxX: aKTHBHOM H
nmaccuBHOM. AkTHBHBIC IPS 3auacTyro KOMOUHHPYIOT C
PagoyacTOTHOM TEXHOJIOTHEH, KOTopasl yNpOIIaeT
MpOLIECC CUHXPOHM3AIMU OIIOPHOIO CUTHAJIA IO Bpe-
Menu [2, 39, 41, 46]. Takue cucTeMbI BKITFOYAIOT B ce0s
CTaIlMOHAPHBIE TIPUEMHUKH, UMEHYEMBIC SKOPSMH, U
MOOMJIBHBIN aKTUBHBIM YIBTPa3ByKOBON H3IydaTelb-
Masik. U skopsi, 1 akTUBHBIE Masiki OOOPYIOBaHBI pa-
IMOYacTOTHRIMU ipreMotiepenaTankamu. [IpneMankn
VIBTPa3BYKOBOTO CHTHaJa (PUKCHPYIOTCS MO TEpH-
METpy TIOMEIeHUs, WX KOOPAMHATHI 3apaHee W3-
BECTHbl. AKTHBHBIM MasiK OJHOBPEMEHHO TpPAHCIIU-
PYeT YIBTPa3BYKOBOH M PaJlOYaCTOTHBIA CHTHANBI B
OKpyKaromtyto cpeny. CKOpoCTb pacpOCTpaHSHHUS pa-
JIMOYaCTOTHOTO CHT'HAJIa 3HAYUTENTFHO BHIIIIE, YEM aKy-
CTUYECKOTO, TTO3TOMY OH paHbIIE JOCTUTAcT IMpHUEM-
HUKA. VI3MepuB pa3HUIy BpeMeH MEXIy IPIXOIOM pa-
IIFO- ¥ YABTPa3BYKOBOTO CHTHAJIOB, MOYKHO BEIYHCITUTh
paccTosiHME OT HCTOYHHUKA JI0 TpUeMHUKa [36, 41, 46].
Kaxnplii Masik obnamaer coOCTBEHHBIM YHUKAIBHBIM
HICHTU(PHUKATOPOM, YTO ITO3BOJIIET OJHO3HAYHO OTIpe-
JETUTH OOBEKT TIO3UIUOHHPOBAHHSL.

ApXUTEKTypa TacCUBHBIX YIBTPa3BYKOBbIX [PS
BKITIOUAeT B ce0sl epeaTIuky, IMEHYEMbIE STKOPSIMH,
Y TIPUEMHUK-MasK, OCHAIIICHHBIA MUKPO(HOHOM (Harie
BCEro MOOMJILHOE YCTPOMCTBO). SIkops ycTaHaBiMBa-
FOTCS TI0 IEPUMETPY MOMELICHHUS, UX KOOPIUHATHI 3a-
paHee M3BECTHBI. [IpHEeMHUK TIOyYaeT CUTHAIIBI, I1e-
PHOIUYECKH TPAHCIHUPYEMBbIC SIKOPSMH, 1 HA OCHOBA-
HUM TIOJYYEHHBIX JAHHBIX BBIYHUCIIAET CBOE TEKYILEe
MecTonosiokeHue. Tak Kak ynbTpa3BYKOBOW CHIHAJ
OTPA’KACTCsI OT CTEH W INEPEKPBHITHH, PEKOMEHIYETCSI
pasMeInars SKOpsl MO HOTOJKOM JJISI MaKCHMalIbHO

BO3MOXKHOTO 0O€ecTIeueHHs MPAMOM BUIUMOCTH MEKITY
HWCTOYHUKOM U pueMHHUKOM [40, 42—-44 46].

HeobxonuMo OTMETUTh, YTO aKyCTUYECKHH Ka-
HaJl JOCTaTOYHO YS3BUM U HE MOXET B JOJDKHOM
Mepe obecrieynTh 0e30MacHOCTh Tepeay JaHHbBIX.
3JIOYMBINIUICHHUK JIETKO MOXXET HAapyIIUTh CBA3b
MEXIYy MPUEMHHUKOM U MepeaaTIuKoM, TPaHCIUPYS
3BYKOBOW CHUTHAJl HA TEX K€ YacTOTax, Ha KOTOPBIX
OCYIIECTBIISIETCS Mepenaava JaHHbIX. [Ipy ucnomas3o-
BaHHM B KavyeCcTBE KaHala CBS3U YAbTpa3Byka 0e3
CIeUANIbHOTO 000PYIOBaHUS TaKOrO poja BMella-
TEJIBCTBO CIIOXHO OOHapykuTh. Takke aKycTuye-
CKHIA KaHaJl MOYKHO TIPOCITYIIATh, HCIIOJIB3YS CIICIIH-
ajgpHOE obopynoBanue [47].

Hocrouncrsa IPS Ha 6a3e yibTpassyka [2, 6, 39,
41-46]:

— CHUTHAJI He BOCTIPHHUMAECTCS YSTIOBEUECKUM CITY-
XOM;

— BBICOKAsI TOYHOCTH TIO3HITHOHHUPOBAHHUST,;

— BO3MO)KHOCTb OTMPEIENUTh MOJI0KEHHE 00BbEeKTa
B KOHKPETHOM ITOMEIICHHH;

— HE CO3/IA0T MOMEX MIIEKTPHUUECKUM MPUOopam 1
paxuoanmaparype;

— HHU3Kasi CTOMMOCTh 00OPYIOBAaHUS;

— IPOCTOTA Pa3BEPTHIBAHUSL.

Henocratku ynbTpa3ByKOBOM TEXHOJOTWU IO3H-
UOHUpOBaHUs [2, 6, 39, 41-47]:

— HU3Kas 3alMIIEHHOCTh KaHajla CBSI3H,

— HH3Kas IOMEX0YyCTONYNBOCTh, B TOM YHCIIC HH3-
Kasi yCTOMYMBOCTh K TIOMEXaM, BBI3bIBAEMBIM BBICOKO-
YaCTOTHBIMH HCTOYHUKAMH 3ByKa (Hanmpumep, armapa-
tamu Y3N);

— BBICOKAsI CTOUMOCTh pealTi3allny;

— MaJIblil paguyc ACUCTBUS CBS3H;

— HEOoOXOAMMOCTh TPSAMON BHIUMOCTH MEXIY
MMPUEMHHUKOM M UCTOYHHKOM 3BYKOBOTO CHTHAJIA.

Pesyabrarpl. CpaBHEHHE OCHOBHBIX XapaKTepH-
CTHK PAacCMOTPEHHBIX TEXHOJOTWil indoor-mo3umuo-
HUPOBaHUs TPEJCTaBICHO B Tabmuie. Xapakrepu-
CTHKH OICHUBAIOTCS 10 MATHOAIBHOM INKaie, Iie
3HaueHue | SIBIISIETCSl HAMXY/IIIEW OICHKOH, a 5 —
HaWIy4lIeH.

PaccMmoTpeHHBIC TEXHOIOTUH TTIO3UITHOHUPOBAHUS
00aIatoT Kak JOCTOMHCTBAMM, TaK M HEIOCTaTKaMHU.
HecmoTrpsi Ha BBICOKYIO TOYHOCTH WHEPIIHAIBHBIX
JATYNKOB, OHU TOJBEPKEHBI HAKOIUICHUIO OIIUOKH
U3MEPEHUS U HYKIAIOTCS B MOCTOSHHON KOPPEKTH-
pOBKEe, B TIPOTMBHOM CITydae C TEUCHHUEM BpPEMEHH
TOYHOCTH TIO3UITMOHUPOBAHMS OyeT najaTh. Maruu-
TOMETpPHS, KaK aKTUBHAs, TaK U MACCHBHAS, CIIOKHA
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CpaBHeHI/Ie XapaKTEPUCTUK PACCMOTPEHHBIX TexHoJjorui indoor -IMO3UITUOHUPOBAHUS

Comparison of the Characteristics of the Reviewed Indoor-positioning Technologies

AKTUBHAs MArHUTOMETPHS
O — Huepuunanpuas ] I/I IlaccuBHas Akycruyeckas
paTep TEXHOJIOTHsI CPCMCHHOC MITYIBCHOC | s rHuToMeTpHst TEXHOJIOTHsI
oJie noJie

TouHOCTh NO3KIIMOHMPOBAHHS 5 5 5 3 5
Pammyc neficTBus cBsi3n ABTOHOMHas 3 3 ABTOHOMHas 3
CII0’KHOCTb Pa3BepPTHIBAHUS 3 1 1 4 4
OHeproapheKTHBHOCTD 5 5 5 5 5
KommakTHOCTB 5 1 1 5 5
[IponyckHast clocOOHOCTH

pory! ABTOHOMHAas 3 1 ABTOHOMHAas 4
KaHalla CBS3H
TTomexoycTOH4YHNBOCTH 5 3 5 4 3
Unentuduxamus oobekra

¢ 1 5 5 1 5

CIIEKECHHS
3alUIIEHHOCTh KaHalla CBA3U 5 5 5 5 2

IUTSL peaH3aliil U K TOMY XKe ITOJBep)KeHa BIMSHUIO
MOMEX, CO3MABAEMBIX MEIUIIMHCKUAM 000pYIOBaHHEM
(TaKuM, KaK PEeHTTEHOBCKHE YCTAHOBKH M MarHUTHO-
pe3oHaHcHbIe ToMOTrpadsl). [laccuBHAs MarHUTOMET-
PHS OpHEHTHPOBAaHA CKOpEee Ha HABUTAIIHIO MTOIH30Ba-
TeJNs BHYTPH ITOMEILEHHs, UeM Ha CIIeKEHHE 3a M0JIb-
30BaTelieM B PEeXHMME peabHOro BpemeHH. st Toro
9T00BI MMO3WINOHNPOBATH MAICHTA BHYTPU 34aHUSL
OOJBHUIIBL, TPEOYETCS NCIIOIB30BAHUE TOTIOTHUTEIb-
HOU HWH(PACTPYKTYPHI, YTO MOXKET YBEIHUYHUTH 3a-
Tparthl Ha pa3paboTKy U BHenpeHue IPS.

AxTuBHas MAarHuTOMCTpPHS TAKIKEC UMECT PsJ] HE-
noctaTtkoB. [Ipy ompeneneHr: MeCTOIIONOKEHHUS 00b-
€KTOB B IIEPEMECHHOM MarHUTHOM IIOJIE¢ Ha TOYHOCTB
NO3UIIUOHUPOBAHUA CYIICCTBEHHO BJIUAKOT TOKOIIPO-
BOZAIINE DJIEMEHTHI, TIOATOMY JAHHYIO TEXHOJOTHIO
HEBO3MOYKHO HICIIOJIF30BaTh B 3IaHMSIX C JKEIIe300€TOH-
HBIMU KOHCTPYKIUSIMU U MIEKTPONpoBoAKoil. Micnosns-
30BaHHE UMITYTECHOTO MATHUTHOTO TOJS HE II03BO-
JSI€T OTCJIEKHBATh TONBIDKHBIE OOBEKTHI B PEKUME
peanIbHOrO BPEMEHH B CBSI3M C HU3KOH 4acTOTOH 00-
HoBleHus1 uamepenuil. [Ipu npoexrupoBanuu IPS Ha
0a3e aKTUBHOW MAarHUTOMETPHM TpeOyeTcs paspa-
00TKa M U3TOTOBJICHHE COOCTBEHHOTO OOOPYHOBAHUSI

IUTS IOCTPOCHUST HHPPACTPYKTYPEI, YTO YBEIHINBACT
3aTparsl.

IPS Ha 06a3e 3ByKa aKyCTHYECKOTO JHara3oHa Co-
3Ia10T IIIyMOBOE 3arpsi3HEHIE U HETaTUBHO BIUSIOT HA
TICUXUYeCcKoe B (HU3MYECKOEe 3M0POBhE UEIOBEKa TPH
JUTUTEIIEHOM HCIIONb30BAaHUH, YTO HEIOMYCTUMO B Me-
IUIIIHCKOM yupexaeHuu. [lo3uimonnposanme Ha oc-
HOBE YIBTPa3BYKa MOXKET OCIOXKHSTHCS ITOMEXaMH,
BO3HHUKAIOIIMMHU IIPU UCIIOIB30BaHUU BBICOKOYACTOT-
HOTO MEJMIIMHCKOTO 000pymoBaHus (HallpuMep, amma-
paroB Y3UM). Taxke Kk HemocTarkaM CHCTeM Ha 0ase
YIBTPa3Byka MOXKHO OTHECTH MAalyl0 JalbHOCTh
CBSI3M, HU3KYIO TIOMEXO3aIIUIIEHHOCTh U cIadyro 3a-
OIMIIEHHOCTh KaHalla Mepefaddl JaHHBIX OT CTOPOH-
HETO NPOHUKHOBCHUS.

3akaouenne. Ha ocHOBaHWH TIpENCTaBICHHOTO
0030pa MOXKHO CIIENIaTh BEIBOI O TOM, YTO HH OIHA U3
PACCMOTPEHHBIX TEXHOJOTWH HE MOXET HCIOJIb30-
BaThCsl CAMOCTOSITENFHO T indoor-no3uInOHNPOBa-
HUSI B MEAMITHCKOM yUpeskaeHun. TeM He MeHee, pac-
CMOTPEHHBIC TCEXHOJOIMU MOXHO KOMGI/IHI/IpOBaTL
C IPYTUMH TEXHOJOTHAMH indoOr-o3UIHOHIPOBAHUS
IUTS TIOBBIIIEHHSI TOYHOCTH M HAZIEKHOCTH pa3padaThl-
BaeMbIx [PS.

ABTOPCKUI BKNaj,

Yepenanosa Upuna BraguMupoBHAa — MarHUTOMETPHS, aKyCTUYECKOE MMO3UIIMOHUPOBAHUE, CIIMCOK JIUTEpa-

TYpPBbI, IOATOTOBKA TEKCTA CTATHH.

Iocnenosa Upuna BiaaaiuMupoBHAa — aHHOTAIMs, ONIMCAHNE HHEPLIMAILHOW TEXHOJIOIMH, IEPEBOJ] HA aHTJIUH-
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