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CUCTEMA NO3UIIIOBAHHA Y 3AKPUTUX TPUMIIINEHHAX
JJIs1 BUBHAYEHHSA KOOPAUHAT OB'EKTIB
3 BOKY CAMOI CUCTEMH BE3 ITIPUMMAYIB

Y cTarTi pO3MISAAETHCS THUTAHHA PO3POOKH CHCTEMHU TMO3HIIIOBAHHI Y
3aKpUTHUX MPHUMIIIEHHSIX, 32 JONOMOTOIO SIKOi MO)KHA Oyno O BH3HAYaTW KOOPIMHATU
00'€KTIB 31 CTOPOHHU caMoi cucTeMu Oe3 HasBHOCTI MpHiMadiB y 00'€KTIB Ta KaHAITY
3B'SI3Ky MIXK CUCTEMOIO Ta 00'€KTaMHu.

KuirouoBi cjooBa: cucrema TMO3MLIIOBAaHHSA Yy 3aKpUTHX IPHUMIILIEHHSX,
0e3mpoBiIHI MEPEeXkKi, METO]] 3BAXKEHOTO KaJTiOpyBaHHS.
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The paper deals with issue of development of indoor positioning system to
determine coordinates of objects by control part of this system without receivers on objects.

Key words: indoor positioning system, wireless networks, fingerprinting
weighting method.
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Topicality of research's topic. Positioning systems take the important place in
modern life. They are used by common people and the companies. For example, on
transport, in trade, in the industry and energetics.

Setting the research issue. In trade, in industry and in energetics indoor
positioning systems are most demanded. Such systems are applied for creation of
routes in buildings with internal walls. Therefore, there are high requirements to
possible error of determination of coordinates by such systems. Acceptable error
(distance between calculated and correct coordinates) must be no more than 5 meters.

Analysis of the last scientific researches and publications. At the moment
there are developments of indoor positioning systems which are founded on different
principles. These principles include using of recognition of optical images, magnetism,
propagation of sound waves, pseudo GNSS (Global Navigation Satellite System),
inertial systems, infrastructure of data transmission networks (Wi-Fi, Bluetooth). [1]

Defining of uninvestigated parts of general issue. The most indoor
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positioning systems determine coordinates of objects by means of special receivers.
Control centre of such systems can't know coordinates of objects without existence of
data transmission channel between it and receivers. But it can be necessary in certain
cases, for example in case of search of workers at the plant at the time of the accident.

Setting the research objective. The purpose of this paper is to develop indoor
positioning system with control part which can determine coordinates of objects
without receivers with them. The developed system should meet requirement to
acceptable error that must be less than 5 meters.

Description of the developed indoor positioning system. The developed
indoor positioning system is based on use of Wi-Fi networks and fingerprinting
weighting method. The system includes group of Wi-Fi signal receivers which create a
set of signal levels for each of transmitters. It is possible to determine transmitter
coordinates by this set of signal levels and fingerprinting weighting method.

Fingerprinting weighting method. This method is divided into two phases, a
calibration phase and a positioning phase [3]. During the calibration phase, the indoor
area must be prepared by pre-measuring of signal level of several transmitters in
different points that are called fingerprints

C, = e cizmmcy) (1)
where 7 is number of calibration point, j is number of receiver. To compare relative, but
not absolute values of signal levels, it is possible to expand the received set [2] as follows

CE; = (CE,,CE,....CE,)=(c;; — crmrciy —cj.cir—Ci3m) ()

i’ i
During the positioning phase, the calibration values

X =(x;..x;) 3)

J
expand

XE = (XEI,...XEH)Z (x, = Xy Xp — X, X, —x3,...) 4)

and compare with the measured values from the receivers to determine coordinates of
transmitter by calculating weights of calibration points:

W, = 3 |XE, - CE, | 8
Coordinates of transmitter a];:, ]calculated as follows:
P=t (©)
i1 Wy

where P, is coordinates of i calibration point.

Experiments. The developed indoor positioning system was tested in office
building with plan which is represented in Fig. 1.
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Fig. 1. Plan of office building for system testing

Result of system testing is represented in Table 1.
Table 1

Result of system testing

Number of positioning point | Minimal error, m | Maximal error, m | Average error, m

1 3.44 5.65 3.93
2 2.38 4.90 3.86
4.16 6.87 4.69

Conclusions. The indoor positioning system with control part which can
determine coordinates of objects without receivers with them was developed. Average
error received as a result of system testing meets requirements. The main directions for
a further research are development of method of dynamic positioning of moving
objects and research of other methods of remote position determination (triangulation,
trilateration).
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CUCTEMA NO3UIIIOBAHHA Y BAKPUTUX IIPUMIINEHHAX
JJIs1 BUBHAYEHHS KOOPAUHAT OB'EKTIB
3 BOKY CAMOI CUCTEMHY BE3 IPUIMAYIB

AKTyajbHicTh TeMH JaociaijkeHHsi. OOracTb 3aCTOCYBaHHS CHCTEM
MO3UINIOBAaHHS MOCTIHHO 3pocTae. ChOrOAHI Taki CHCTEMH 3aCTOCOBYIOTHCS fK Yy
MOBCSKACHHOMY KHTTI JIIOJCH, TaKk 1 B KOMEPIIMHMX IUIAX: HA TPaHCHOPTi, Y
IIPOMHUCIIOBOCTI Ta EHEPreTulll, B TOPIiBIii.

IloctanoBka mnpoOsemMu. 3acTOCYyBaHHS ~ CHCTEM  IO3MIIIIOBaHHS B
KOMEPIIHUX IIJISX YacTO TMOB'SI3aHO 3 HEOOXITHICTIO TO3UITIFOBaHHS Pi3HUX 00'€KTIiB
y 3aKpUTUX MPUMIMIEHHAX (TakuX SK TOProBl IEHTPH, 3aBOJICbKI IIEXH,
€JIEKTPOCTAHIIIT).

AHaNi3 OCTaHHIX JOCJTiIxkeHb Ta myOJaikamiil. Y gaHUN MOMEHT pPO3pOOKU
CHCTEM IO3UIIIOBAHHS y 3aKPUTHUX MPUMIMICHHAX 0a3yIOThCS Ha PI3HUX MPHUHLHUIAX,
OJIVH 3 SIKUX BUKOPHUCTAHHS OE3MPOBIAHUX MEPEXK.

BujgisieHHs1 HeJOCTiIKEeHUX 4YACTHH 3arajibHoI mnpoodjemu. buibmiictes 3
HAsSBHUX CHCTEM IO3WIIIOBAHHS y 3aKPUTHX MPHUMIIMIEHHSIX HE MOXXYTh BH3HAYaTH
KOOpAMHATH 00'€KTiB 0€3 HAsSBHOCTI CIIEIiaIbHUX MMPUIMAaYiB y caMuX 00'€KTIB.

IlocTanoBka 3aBaaHHs. 3aBIaHHS pO3POOUTH CHCTEMY IMO3HUIIIOBAaHHS B
3aKpUTHX TMPHUMIMIEHHIX, KA HE BUMaraja 0 HasgBHOCTI CHeUiaJbHUX MPHUUMAYiB Y
00’€KTiB, a TAKOK MOTJIa O BU3HAYATH KOOPIMHATH 00'€KTIB 31 CBOTO OOKY.

BukiaageHHss  ocHOBHoOro Martepiaay. byma  pospoOmena  cucrema
MO3UINIOBAaHHS y 3aKpUTHX TMPHUMIIMIEHHAX, IO 0a3yeThCs Ha BUKOPUCTAHHI
oe3npoBigHOI Mepexi Wi-F1 Ta mertony 3BaxkeHOro kaniOpyBaHHsA. TecTyBaHHS
cucteMu OyJio TPOBEACHO Yy 3akpuroMy o¢icHoMy mnpumimenHi. Pesynpratn
TECTYyBaHHS IIPOAHAII30BaHI.

BucHoBku. TectyBaHHA pO3pOONEHOI CHCTEMH TIIOKa3ajo, IO CEPEIHE
BIIXWJIECHHS BHU3HAYEHHS KOOPAMHAT BIANOBIJA€ IIOCTAaBICHUM BUMOraM. [ 0i0BHI1
HampsSMKHA JUIS TOJAJIBLIOTO JOCTIDKEHHS — pPO3po0Ka METOAy AMHAMIYHOTO
MO3UI[IFOBaHHS 00'€KTIB, 110 PYXAOThCS, Ta JOCIIDKEHHS 1HITNX METOMIIB BiIAIEHOTO
BHU3HAYCHHSI KOOPAMHAT (TPIaHTYIISIIS, TPHIATeparlis).

KirouoBi ciaoBa: cucreMa TO3MIIIOBAaHHS y 3aKPUTHX IPHUMIIIEHHSX,
0e3mpoBiIHI MEpeXki, METOI 3BaKEHOTO KaiOpyBaHHS.



