1 SYSTEM AND METHOD FOR ESTIMATING INDOOR LOCATION USING SATELLITE SIGNAL
GENERATION DEVICE Technical Field 5The present invention relates generally to a system and
method for estimating an indoor location using a satellite signal generation device, and specifically to a
system and a method for estimating a location capahie of freely providing a location estimation service
without changing hardware or 10 software for a user having a satellite signal receiving terminal such
as a current cellular phone or a navigation system even in a shaded area which satellite signals may
not reach such aS¥&l&EoARBUlNERHCEh ’fﬁ%e@%mghbﬁ)ih@%éﬁ%ﬁhg}‘ ddal Mbway. 15
Background Art In generabAT By $tEMEfoslechmati GERERSaI AN SBESYSEM for receiving satellite
signals from a satellite located at about 19,000 to 25,000 km over the ground and then estimating a 20
location of a receiving terminal using a triangulation method or the like. Therefore, the system for
estimating'& fJ¥aki6AThak £hiflitation in that a location may only be estimated outdoors where satellite
signaks are directlyirecpresdnT hevefuren sieta &S gatedlitdgigmads systaot properly receivedrindndrs

such as ingidg,gfa Wil‘ggﬂnﬁ?ih@q%@r%%?h%aﬂgrﬁrﬁ%% aguaggel, or a subway, a {ggtion

estimation service may not be provided.
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10 software for a wuser having a satellite signal recei ving
terminal such as a current cellular phone or a navi gation
system even in a shaded area which satellite signal S may not
reach such as inside of a building, an underground shopping
arcade, a tunnel, or a subway.

15
Background Art

In general, a system for estimating a location is a system
for receiving satellite signals from a satellite lo cated at
about 19,000 to 25,000 km over the ground and then estimating a

20 location of a receiving terminal using a triangulat ion method
or the like.

Therefore, the system for estimating a location ha s a
limitation in that a location may only be estimated outdoors
where satellite signals are directly received. The refore, since

25 satellite signals are not properly received indoors such as
inside of a building, an underground shopping arcad e, a tunnel,
or a subway, a location estimation service may not be provided.

In order to solve the limitation and the problem d escribed
above, as illustrated in FIG. 1, a method (hereinaf ter referred

30 to as the conventional art) for receiving satellite signals on
the roof, and then transmitting the received satell ite signals
indoors has been proposed.

However, the conventional art has problems as foll OWS.

Firstly, a vertical error is caused by recognizing

35 coordinates of retransmission signals received thro ugh a
transmitting antenna (TX ANT) as coordinates of a r eceiving
antenna (RX ANT) and a distance to the receiving an tenna



Firstly, a vertical error is caused by recognizing 35 coordinates of retransmission signals received
through a transmitting antenna (TX ANT) as coordinates of a receiving antenna (RX ANT) and a
distance to the receiving antenna 2 becomes a horizontal error. In order to correct the horizontal error,
a plurality of receiving antennas (RX ANT) are requirgd, causing an increase in production and
installation costs. Secondly, a point of a receiving antenna installed 5 outdoors and a point of a
transmitting antenna correspondingly installed indoors should be installed in a manner of exactly
matching WRASAEH BtheFizartalierteiydogpapaiciieadlifestifitalled on the roof, it & Ronaeaaklly
difficult to éredall ahelalg)ityfaberaeininaaeiannagsRxaaNanrer of exactly 10 matghirguitédthe
correspond] itti t - rdly, singe.a loss rate changes ac ing to an insertion
length of aggg%f@:};u@é\%%%% ﬁﬂﬁiédﬂ Ill’lr%lg ﬂl%l%ynﬁ %ré&c@d: field strengths at th%%nd terminals of
transmitting ante 85b0Id Be BGHFoIIR. PoFRRRNNGcCBRIRIY D tHBSiddRlation heights of receiving
antenbas, alitidvert @oudinptestané eetreinsnhitimg qaetdhnafit@nces a vertical erroesgiendingl¥ifthly, if

RF powers QA (RS TEHRG QUBHNRS BEE iRStArFY the mamisesignals from a transmiltti@)gazéﬂg;enna with
a 20 high RF ppwer are continyously recejved by a terminal. Accordingly, the inventers of the
present inWe"?’FEgH]ﬂa\)@'HEvgﬁ)‘g?ed %[)(%%tehw:aﬁg&ﬂe 8 pﬂﬁf?@irr‘?'é)g'?ocgqﬁ)n estimation senfid&hdoors
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Thirdly, since a loss

We&ﬁergm@iﬁgegﬁ@@ﬁﬁgssq}ellge tragrepnothe satellite signals reesiyegyfrom the
ng antenna S8 dﬁ-ﬂw at least 4 atel{ite nun&ﬁersaarﬂgr(?_f)riate for location_estimation among all

2'selEcted satellite numB&ts to a satellite
rate changes according to an

insertion length of a cable illustrated by dotted | ines in FIG.
1, electric field strengths at the end terminals of
transmitting antennas should be controlled.

15 Fourthly, according to the installation heights of
receiving antennas, different coordinates are recei ved. This
greatly influences a vertical error rate.

Fifthly, if RF powers of transmitting antennas are not
exactly the same, signals from a transmitting anten na with a

20 high RF power are continuously received by a termin al.

Accordingly, the inventers of the present inventio n have
developed a system capable of providing a location estimation
service indoors in an environment the same as outdo ors by
basically receiving satellite signals having signal structures

25 the same as the satellite signals, extracting satel lite time
from the satellite signals received from the receiv ing antenna,
selecting at least 4 satellite numbers appropriate for location
estimation among all actual satellites based on the satellite
time, allocating the selected satellite numbers to a satellite

30 signal generation device, and generating satellite signals
corresponding to the corresponding satellite number s by the
satellite signal generation device based on previou sly
calculated real-time satellite information of all a ctual
satellites.

35



30 signal generation device, and generating satellite signals corresponding to the corresponding
satellite numbers by the satellite signal generation device based on previously calculated real-time
satellite information of all actual satellites. 3 Detailed Description of the Invention Technical Problem
An aspect of the present invention is to build a seamiess location estimation system environment in
which handover is 5 freely performed between an outdoor location estimation environment and an
indoor location estimation environment without changing hardware or software of a user terminal.

In additiorP@hdtHe? hsPeecsf tAbiesétt imhtioRV§ b rélce the production cost by installing
selectivelyTerdar ¢aIm@redsiteliie signal generation devices according to the large or small

installation area, 2\%%%@%%@%%%'1 g@hf)ﬂﬂ?ﬁf%w?ssi rﬁ!lifpog S[he installed satellite gg@@%@&

generation devic y adjusting the installation number of satellite signal generation

according R HiOthseaihBHOA e 8Y 96 M SBURRIHNERbtHRr WEKdEt BRthe present invenfi9Y&b dfeatly
improve atealscy péitmatied edimhaten, byselantittpsate lidestioot o@gtimthin visibility but alsonin an

orbit out ofMiziailiméAnoiy2 eendiienst AiskankhPregRRARAAIficatien of a receiver to ysmsatellite
signals of the 20 cqrres onﬂn@atellites Péél(lgocation estimation. Technical Solution In order to
ih diRcag

accomplisi @%lﬁ%@ﬂ BGHY SRILAARS I RIGE H¥dvides a system for @&thating an indoor
25 location using & satetlicn spyreihgs especiof gwcprasantistentifor estimating an indodrisdeation

includes arerppiing@niBaadaorecivingpaletitaisignalseatraintral controller for pejogjgallypreceiving

and ring.an u a“e of real-liime sateillite Hﬁformation of (?II actual satellites, extrtac%mg 30 satellite
i ore %)aﬁ ite signa ener% |fon vices accor whq . 10, Iarge )
time ffom the satellite signals reteived from the receiving artenna for synchronization, and selecting at

least 4 sa@lliteMathbesaliAifblafsalocHien EafrBRBAGNMNEall the actual satellites Bas8Bn
informatiopznsllice sigiediterdimeharndsislieastanrglisatsijteasignal generation devidegéneeaining

satellite ntag\lﬁ%s qﬂggﬁgﬁﬁé}%@j&em@hﬁg%%@h q.pmee;ating satellite signa+sscdqg|ﬁ§)onding to

the satellite numbers allc _ e central controller, )
signal generation devices according to the installa tion area.

15 In addition, another aspect of the present inventi on to
greatly improve accuracy of location estimation, by selecting
satellites not only within visibility but also in a n orbit out
of visibility range in a condition of a simple prog ram
modification of a receiver to use satellite signals of the

20 corresponding satellites for location estimation.

Techni cal Sol ution

In order to accomplish this object, an aspect of t he
present invention provides a system for estimating an indoor
25 location using a satellite signal generation device . The system
for estimating an indoor location includes a receiv ing antenna
for receiving satellite signals; a central controll er for
periodically receiving and storing an update of rea I-time
satellite information of all actual satellites, ext racting
30 satellite time from the satellite signals received from the
receiving antenna for synchronization, and selectin g at least 4
satellite numbers available for location estimation among all
the actual satellites based on information on the s atellite
time; and at least one satellite signal generation device
35 receiving satellite numbers allocated by the centra I
controller, and generating satellite signals corres ponding to

the satellite numbers allocated by the central cont roller,



4 wherein the system for estimating the indoor location provides an environment that enables an
indoor satellite signal receiving terminal user to estimate his or her location based on the satellite
signals corresponding to at least 4 satellite 5 numbers transmitted from the satellite signal generation
device. Preferably, the central controller or the gatellite signal generation device calculates
distances between the actual satellites and the corresponding satellite signal generation 10 devices
with respect to the selected satellite numbers based on actual orbit coordinates of the corresponding
satellite nYABERHAHE pPESIB UL I{PE KFHERRHNE o NEe6FdIAGESs of the on provides
correspondingsateilitesignalgematati @ngevee sant c&i@d@tesgmamgangi@ission time by dividiag the

calculated ég iﬁgg?&pwéghag&e?g estlmMﬁ?rﬁlBr% ‘.%F satellite signal genﬁ@p(yfg%g ice

generates sat |gnals corresponding to the selected satellite numbers in a manner of being
delayed b hE'8cFAINER OGN GRTETREBREY I8 AtRASENtral controller or 20 hRRAEHBUSIy
calcutednumbeviostirapsenibdyl thiecsatelthe sigadtjenersimaldegeraeceives at least fouatadlocated
satellite nplers, and generates satellite signals corresponding to the allocated satellite numbers.
25Preferably, thegg Fgtral ontéﬁner seIeLcts at least 4 aﬁltelllteﬂ?umbers available for location e?tlmatlon
among all actual a Fﬁ'@g ¥xl ﬁei'ﬁt@ fb‘?ﬂ&? !sf'sre(%f(t) 58 Al rmation on the satellite $irfd"
Preferablygéne@ditnal deniasliecattolatest |shstanteS0 batelRnexibeng in visibility amongciliahe

actual sateljtemi’d ahipaple3 satpddpsmiisyingapad gyghgp 120 degrees latitude apgdeaghinde with
respfgt to&he satelllt respectetfer%bl%et'éctea %IF telllte%lnclude GPS, Galll ebnd G ONASS

evices wi ase
actual orbit coordinates of the corresponding satel lite numbers
and previously estimated location coordinates of th e
corresponding  satellite  signal generation devices a nd
calculates delay transmission time by dividing the calculated

15 distance by light speed.

More preferably, the satellite signal generation d evice
generates satellite signals corresponding to the se lected
satellite numbers in a manner of being delayed by t he delay
transmission time received from the central control ler or

20 autonomously calculated.

Most preferably, the satellite signal generation d evice
receives at least four allocated satellite numbers, and
generates satellite signals corresponding to the al located
satellite numbers.

25 Preferably, the central controller selects at leas t 4
satellite numbers available for location estimation among all
actual satellites existing in visibility based on t he
information on the satellite time.

Preferably, the central controller selects at leas t one

30 satellte existing in visibility among all the actu al
satellites and at least 3 satellites existing aroun d within 120
degrees latitude and longitude with respect to the satellite.

Preferably, the kinds of satellites include GPS, G alileo,
and GLONASS.

35 According to another embodiment of the present inv ention,

a method for estimating an indoor location using a satellite

signal generation device includes receiving satelli te signals



35According to another embodiment of the present invention, a method for estimating an indoor
location using a satellite signal generation device includes receiving satellite signals 5 by a receiving
antenna and transmitting the received satellite signals to a central controller; extracting satellite time
from the received satellite signals, and synchronizinggthe system based on the extracted satellite time;
selecting at least 4 5 satellite numbers available for location estimation among all the actual satellites
based on real-time satellite information of all the actual satellites and information on the satellite time
and allocanptihecsiyéie ayerRNfcaRNG RIS THtiNG ShRIeSeiyhal generation devideSai@iitRating
distances digmsibveca tenaaluadsaitibiceandcthtycsatesponding satellite signal getigratipsnglevices
with respegt torg]fe- 80@%@%&”5@3@?@{%) Rﬂ)ﬁ%ﬁ'@ qrblt coordinates of thﬁec%r)? ﬁggndlng
alla the Torres

satellite numbers and installation loCation coordimates o ponding satellite signal generation

15 device Q@R ABuM¥M FUERGISARFRIER NS BPEGIHAg3he calculated distance8§Sighk speed:
generatingatekiidersignadssc@vadpbledifay totati celaedio atodellite numbers in a marareoonf baling

delayed by hedglay ¥apmusSIIsENQRYEE-fale!IisSigRA! generation device; aneGSHAIRAING &
location 20 of a indoor satellite ﬁlﬂnal r%ﬁm terminal us%r based on the satellite si nils
corresponff]ﬁlaﬁtoﬂfﬁeaeﬁI SSASHIERE QOFIN Mt From the satellite signalﬁgéﬁ {Stion
device. 253ime/aptcallscatfogtstiihe peteeirdingatgitie provitbsrsffects as follows.  teirthly, the
present indgrdifie Prey apefeeitRfrbuiliinta; seagMesstingatiarsestimation system engriagent in

whi hanaot\\/&lar s periorm d Petg\{%ﬁrﬂean ou&dﬁ,‘or location 30 estimation environment ?Qﬂtan indoor

the. actua i n € correspondin sa
location estimation environment Wi ou?cﬁanglng harcfwa[?e or s%ftware of a user termina PSecondIy,

the preserfiMA@ntiBRRIERIABs HEMFES o\ ¥EBuCHRFBREHrd@uchiBA caRIBY installing selectivel§®ne or

35 more sgigdlieesignahpenseraticedeviceacoedrdingttodber tinaees of the
corresponding satellite numbers and installation lo cation
coordinates of the corresponding satellite signal g eneration

15 devices and calculating delay transmission time by dividing the
calculated distance by light speed; generating sate llite
signals corresponding to the selected satellite num bers in a
manner of being delayed by the delay transmission t ime by the
satellite signal generation device; and estimating a location

20 of a indoor satellite signal receiving terminal use r based on
the satellite signals corresponding to the at least 4 satellite
numbers transmitted from the satellite signal gener ation
device.

25 Advant ageous Effects
The present invention provides effects as follows.

Firstly, the present invention provides an effect of
building a seamless location estimation system envi ronment in
which handover is performed between an outdoor loca tion

30 estimation environment and an indoor location estim ation
environment without changing hardware or software o f a user
terminal.

Secondly, the present invention provides an effect of
reducing the production cost by installing selectiv ely one or

35 more satellite signal generation devices according to the large
or small installation area and transmitting at leas t one

satellite signal from the installed satellite signa | generation



6 device, thereby adjusting the installation number of satellite signal generation devices according to
the installation area. Thirdly, the present invention provides an effect of greatly improving
accuracy of vertical location estimation, by 5 selecting satellites not only within the visibility but also in
an orbit out of the visibility in a condition of a simple grogram modification of a receiver to use satellite
signals of the corresponding satellites for location estimation. 10 Brief Description of the Drawings
FIG. 1 is a diagram illustrating an example of a system for estimating an indoor location according to
the conveAguiRa.alftereby adustng i gidpralallestraimabesestem for estimating f18a4alloor

location usiigghal sRiediteisy tRsNS Eritondiey ite thedakdiigito an embodiment ebihegsent
invention; Fl%ni?’dilj/ a m%grgmg%ﬁtrﬂll@gg%ﬁetb% Hﬂgérsﬁﬁ{]d' 8{ a method for selectin%f
tot

satellite numbers in consideration of visibility accordin e embodiment of the present 20 invention;
e&?gu

FIG. 4 is DERAPAMAIRIRINAHY IR B deraiidh@site; FIG. 5 is alta§Pim Mustrating
an exampkeiratiihglssteiiide sgnahiyenehaidhalgisidektyare installed according to 1A% thissmall and

large installatigharesss i the \/ﬂ@ili@/isiﬁ diagishaitieistrating a method for calculating gjﬁgaréces

anemiss P IFAE) SOHUREIGR LA S DU oE HhBmRIe o signals ol % 4

the corresponding satellites for location estimatio n.

10 Brief Description of the Draw ngs

FIG. 1 is a diagram illustrating an example of a s ystem
for estimating an indoor location according to the conventional
art;

FIG. 2 is a diagram illustrating a system for esti mating

15 an indoor location using a satellite signal generat ion device
according to an embodiment of the present invention ;

FIG. 3 is a diagram illustrated for better underst anding
of a method for selecting satellite numbers in cons ideration of
visibility —according to the embodiment of the prese nt

20 invention;

FIG. 4 is a diagram illustrating the visibility of the
actual satellite;

FIG. 5 is a diagram illustrating an example in whi ch
satellite signal generation devices are installed a ccording to

25 the small and large installation areas; and

FIG. 6 is a diagram illustrating a method for calc ulating
distances between actual satellites and correspondi ng satellite
signal generation devices and calculating delay tra nsmission
time.

30
Mode for Carrying Qut the Invention

A preferred embodiment of the present invention wi Il be
described with reference to the accompanied drawing S as
follows.

35 FIG. 2 is a diagram illustrating a configuration o fa
system for estimating an indoor location according to the

present invention.



A preferred embodiment of the present invention will be described with reference to the accompanied
drawings as follows. 35FIG. 2 is a diagram illustrating a configuration of a system for estimating an
indoor location according to the present invention. 7 With reference to FIG. 2, a system for
estimating an indoor location using a satellite signal generation device according to the present
invention includes a receiving antenna which receives a satellite signal; a central controller, as a 5
central controller that is capable of calculating and updating real-time satellite information of all actual
satellites, which efff&icteedatense titfe Fiém the SateWrteBIghal restiaadif®m the receiving antefifa for

synchronizadioo; aldstdectsisingast 4ssaéditiée signaerganprapsiate for location estimatigsvesaong 10
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actu_al Sat?ggﬁﬁrﬂ@dsﬁfémfénﬁl%;%[méﬁ Eaceiving satellite signalls.from the acqﬂgls’s%%rﬁs. Itis
desirable that the recel}ﬂpﬁ? antenna is installed on the rEof of a building or the 20 like lendV\ffr]cl)(é‘rq] the
he

system foFELARRING S
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central cotii®ecpringlRaIBNETéVesyantirowzatian, piheels real-time satellite digoaini@sh (for
example, waldiBIRerhilinbriRaiionapddie fie)falbiheagial 25 satellites, for exgmpigashgrently
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e ac .S eF on Itorma
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cf%ivérég zﬁl tGenna, and
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érselects at least 4

satellite niiserdNEhpidpastons riglidn soratigfiIRiAEPAong all the actual sateHR¥ESX¥BEDN the
satellite timsc#ii@enatisutellig thenofobaationgio checsdcatimmat whieh tlesystem according to thie

present in%ﬂﬂ%’ﬂ%?
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on 35 device and transmits In

g]rfgfﬁt‘léﬂeFéi@dt}%aﬁ@ﬁt@eﬁgﬁh@.%ﬁ%rpﬂ"Ocates the Se'eCte%i%ﬁ'ah%et ¢

mation on the satellite sig

t
gﬁ?‘g&%ﬁHW&?&ﬁQ%@E@QJ@%@&@%FﬁB@%‘E@the satellite signal ¢H

mbers to
s of the actual
eration device. In

this 15 The receiving antenna is an antenna installed outd 00rs so
that the satellite signals can be received from act ual
satellites and performs a function of receiving sat ellite
signals from the actual satellites. It is desirabl e that the
receiving antenna is installed on the roof of a bui Iding or the
20 like in which the system for estimating an indoor | ocation
according to the present invention is installed.

The central controller periodically receives and s tores an
update of real-time satellite information (for exam ple, real-
time orbit information and the like) of all the act ual

25 satellites, for example, currently 32 satellites, e xtracts
satellite time from the satellite signals received from the
receiving antenna, and synchronizes the satellite s ignal
generation device. In addition, the central contro ller selects
at least 4 satellite numbers appropriate for locati on

30 estimation among all the actual satellites based on the
satellite time information and the information on t he location
at which the system according to the present invent ion is
installed.  Further, the central controller allocat es the
selected satellite numbers to the satellite signal generation

35 device and transmits information on the satellite s ignals of
the actual satellites corresponding to the selected satellite
numbers to the satellite signal generation device. In this



case, the central controller may allocate one satellite number to each of the plurality of installed
satellite signal generation devices to generate the corresponding satellite signals, and may allocate at
least 4 satellite numbers to one 5 satellitesignalgenerationdevicetogeneratethe corresponding satellite
signals. Preferably, as illustrated in FIG. 3(a), agong all the actual satellites exiting in the visibility
with respect to the current location, at least 4 satellite numbers appropriate for 10 location estimation
are selected. Of course, it is obvious that if satellites existing in the visibility change as time passes,
the selecté@sitdReGaNtBLLOMESIIBE Brthgdacate opgr e3&@nple, with referencelt® mBMletnder the
condition @f theadsibilgy illnuﬁra@dri;mi[@lG of, satshilles of sutalxers $fy3, 6, 16, and 21 may bergglected
at 9, but agéﬁgeil%g secﬁs(%gg(a téhetl,?(ele epeg Eeél&el may be changed to %ﬁﬁ{gtes of

IG.

numbers o pre erably, as i ustr (b), among all the actual
satellites, Si903sieMAd dRRYrRYIRFHE ALIISASE 2 SRE ISR Psatellites existing arBishPwdif 120
degrees |latdtelktand Imggmhde q&he&ﬁmmt todbeisatellit® maygbeesalectedth€hat is, according to the
present inygpi @ﬁ'a |got onIy the satellite existing in the visibility, but also the
satellites in orbit e 25 VISI It S Lﬁaf (ié" nd satellite signals from the corresponding
satellites may be E§R I)Gcéi\'?o T|§ th@"3e8dr of the location estimatih can
be improv@dtdﬁdtmllﬁeﬂ@(émlImetlse‘gMQI@bhemtimma:iewce has a function of 3tpgehtedtieg satellite

signals cogigsepneatierihasaakitensmanie aleapiad ppr the central controlleixphd@nfyer more

satell e signal ener tlo dewces c P pr&/lded acc?rdlng to the installation area. Wlt ference to
cat (alion afe select ed Gourge §g Us aﬁ
FIG. & CReE Of an underg found pace with a arge Service area, a plurality” 35 of Satellite signal

generatlohfdié\ﬁﬁie?éréﬁmeﬂ tBﬁd’lﬁ'BthM\/é?Qﬂﬂﬂwéfbwldlng with a relatively si2fl RRE8R8tion area,
one satelliteesignet genesatitite drvidseisinsiglles claiged case, it is obvious that one satellite signal

generation dewcq:ma%] I\ée \ﬂlﬁt“??@fez}@@é:%qgl tgllﬁﬂm(erﬁs to generate a plur&qaﬁgﬁsatelllte
of t

signals regardless ein aIIatlon number accor n 'to the installation area.

f the visibility illustrated in FIG. satellltes of numbers
15 3, 6, 16, and 21 may be selected at 9, but as time passes, for
example, at 12, the selected satelltes may be chan ged to
satellites of numbers 3, 11, 19, and 24.
More preferably, as illustrated in FIG. 3(b), amon g all
the actual satellites, one satellite existing in th e visibility
20 and at least 3 satellites existing around within 12 0 degrees
latitude and longitude with respect to the satellit e may be
selected. That is, according to the present invent ion, as
described above, not only the satellite existing in the
visibility, but also the satellites in orbit out of the
25 visibility may be selected and satellite signals fr om the
corresponding satellites may be used for location e stimation.
Therefore, the accuracy of the location estimation can be
improved drastically.
The satellite signal generation device has a funct ion of
30 generating satellite signals corresponding to the s atellite
numbers allocated from the central controller and o ne or more
satellite signal generation devices can be provided according
to the installation area. With reference to FIG. 5 , In the case
of an underground space with a large service area, a plurality
35 of satellite signal generation devices are installe d, and in an
overground building with a relatively small install ation area,

one satellite signal generation device is installed . In this



5Meanwhile, with respect to the selected satellite numbers, the central controller calculates distances
between the actual satellites and the corresponding satellite signal generation devices based on
coordinates of substantial orbits of the corresponding satellite numbers and coordinates of the 10
installation location of the satellite signal generation device and transmits delay transmission time
calculated by dividing the calculated distance by light speed to the corresponding satellite signal
generation device. Of course, according to the circumstances, it is obvious that the satellite signal 15
generatiorf@e&ide isaMyiRes thatdegysaieliinisinatigeneind then transmits the ¥éPre8gyifding
satellite sigy}srixbivelelayesshythdsieladtreameniiesiquniiiees In this manner thesateljimesiginalsshould

be transmgt%ﬂjpé@m%%r%ﬁﬁgegﬁg@%? grkaYe &% 20 transmission time’h%%%?ﬂﬁﬁimpwh

navigation data o satelfit 1e satellite signal generation device e same

positional PHBIRHAESOtHNE AR e EIgitAYeRR RN device exists in a fixed coordinate, so the time
consuined for theNetral/sade Nitkhsigapbctdpass deteatgdtbataditesphere and 25 the trapospleese

should be fempeneatedNiitIe AR HRiBsIeBHENf:BHethod for calculating e salay)

transmission tigne is S%Qematicallé described as folltl)ws with reference to FIG. 6. Where the latitude,

the longituRREAIESthA itiiFe GPUSPLBANIH SSREAIE B idkted in the visibility arfiBRGFHES Satellites
at any ondléiieesre bgsat apil Zqadinattse ohasybstaotatdiatpitstime as the satellite ®fovié€ among

the orbit), gérriprRIRdIsOr sepeRrbCing A rRiailite ignal dheraYé S5 wtellite among the satgiite

sianghoenaiglidaiseadafeingd saehE Ashingeragrdinates are fixed coordipates oféd. Y1, and
and transmits delay transmission time calculated by dividing
the calculated distance by light speed to the corre sponding
satellite signal generation device. Of course, acc ording to the
circumstances, it is obvious that the satellite sig nal
15 generation device calculates the delay transmission time, and
then transmits the corresponding satellite signals to be

delayed by the delay transmission time.
In this manner, the satellite signals should be

transmitted in a manner of being delayed by the del ay
20 transmission time, because though navigation data o f the actual
satellite and the satellite signal generation devic e have the
same positional coordinates, the satellite signal g eneration
device exists in a fixed coordinate, so the time co nsumed for
the actual satellite signals to pass through the io nosphere and
25 the troposphere should be compensated with the dela y
transmission time.
A method for calculating the delay transmission ti me is
schematically described as follows with reference t o FIG. 6.
Where the latitude, the longitude, and the altitud e of a
30 certain satellite (SVi) selected in the visibility among 32
satellites at any one time are Xj, Yj, and Zj (the ] value
changes according to time as the satellite moves am ong the
orbit),
an apparatus for reproducing a satellite signal of the SVi
35 satellte among the satellite signal generation dev ices Is
defined as SSGi, and the coordinates are fixed coor dinates of

X1, Y1, and Z1, and



the pseudo-range of SVI and SSG1 is defined as pi, 2 p = \1(X - XI)2+ (Y j -YI) +(z - ZI)2
Finally,thedelaytransmissiontimeis piT-= pl/c Bu S5Here, C defines the light speed of 2.99792458 x 109
m/s, and Bu defines an undetermined value of a delay time compensation value or the like according
to the cable length, the user time error, and the servite area. Accordingly, the satellite signal
generation device 10 generates satellite signals corresponding to the selected satellite numbers in a
manner of being delayed by the delay transmission time received from the central controller so that an
error generated biehBs§lY éértﬂﬁé?feﬁyé @é@/@%ﬁhﬂ%@&'ﬁ@ﬂ ﬂﬁ:atlons of the act@hl satellite and the
15 corresponding satellite sigrat-geners cecanbgcompensatec The system for
estimating a locatigqn pf the gg@gant_lr}{/g thn escquq a,b ZeJmayzq rectly estimate the location
of the satellite signal receiving terminal dser Iocatedl doors by receiving.the satellite signals
corresponding to at least 4 satellite numbers transmitted from the satellite signal generation device not
only in the outdod:'@ﬁw'onmeﬁ’f'%ut alsd56ors. HEFRRBIRSIO] desclifi®n is nifide of a method for 25
estimating an_indoor loca /lon¥£ a satellite signal generation device according to an embodiment of
the presen ﬂ nfion 1 thb is receiving satellite signals by a receiving antenna, and
transmitting the recelved satellite signals to a 30 central controller. This is a step in which a receiving

antenpa installed qutdoaqrs yeceive sael e si llites,.and transmits thegreceived
re td'gl nes Mg r} & %ﬁge a%%ffég X EO m?s,

satellite signals t He te

and Bu defines an undetermined value of a delay tim e

compensation value or the like according to the cab le length,

the user time error, and the service area.

Accordingly, the satellite signal generation devic e

10 generates satellite signals corresponding to the se lected

satellite numbers in a manner of being delayed by t he delay

transmission time received from the central control ler so that

an error generated by the distance difference betwe en

installation locations of the actual satellte and the
15 corresponding satellite signal generation device ca n be

compensated.

The system for estimating a location of the presen t
invention as described above may correctly estimate the
location of the satellite signal receiving terminal user

20 located indoors by receiving the satellite signals
corresponding to at least 4 satellite numbers trans mitted from
the satellite signal generation device not only in the outdoor

environment but also indoors.
Hereinafter, a description is made of a method for

25 estimating an indoor location wusing a satellite sig nal
generation device according to an embodiment of the present
invention.

A first step is receiving satellite signals by a r eceiving
antenna, and transmitting the received satellite si gnals to a

30 central controller. This is a step in which a rece iving antenna
installed outdoors receives satellite signals of ac tual
satellites, and transmits the received satellite si gnals to the

central controller in real time.
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A second step is extracting satellite time from the received satellite signals and synchronizes a

system based on the extracted satellite time. This is a step in that the central controller extracts
satellite time from the satellite 5 signals received from the receiving antenna, and synchronizes the

extracted time and the satellite signal generation devige.

A third step is selecting at least 4

satellite numbers appropriate for location estimation among all the actual satellites based on the
satellite time information and the 10 real-time satellite information of all the satellites, and allocating
the selected satelfite JRABPErsStERis i aL3{EPCENgelSeinlitat 1883 4 16afllite numbers appropriatéfor

location estigeiion witenaeperialthamtresnicingaliasionlesaton based on the extradtedsateltite time
%n%%é?@a- JSEC.lttérm S%%Igte it{!lgﬁgn%io cgtg.p tr?rq qﬁtual satellites calculateglaqﬁéjpdated
yt : ing

informatio
in advanc

e

e central controller, and allocating the se

ected satellite numbers to the sate

Ite signal

generatiorf 8BYRe CANGONRT Sy actsaeistity dRidiaRtdMetween the 20 actual saf@iRE€nd the
corregpondiggassitediteiseghd gandnatioecdexite antenespeahtb fye selected satellitenorobaesbased

on coordingies afARfeadiHal arRitpktasenies)

iag@tgﬂlite numbers and cogyqligatgsof the

installation location of the corres%j)on?ln satelli%f signal 25 generation device, and transmittilggrgelay

transmission tim

Al g By TRARG T &

& FAENIE Hq)}"me light speed to the

correspondiycpitiaite synalogatiernti@sidoviden THas g st@l otlalc@ating the satellite sigjbal
generatior;gelfydémpadhe satalite Faralenprrionfeayviaadar 30 compensating an giar gaeised by

ence in distanc

:ndciifi.lnal err(]agll-tlme ﬁetsellﬂ?e II%OI’m %%n Ofsal%\ﬁ

tween the actual

transmitting antennas o

IIitt%s corr?ﬁppnding to the selected satellite numbers
€ arailit ) inEShedldy
e satellite sighal generation devices generating the satellite

signals coAtHRINE & SetesigecrrialiieIEmbfiBerd BISd IS5 errors caused by thé@ s#&RP4 service

area and adietidijferciecst A fifthetiap itigheatipgribierisatellite signals 12

15

20

25

30

35

estimation with respect to the current installation
based on the extracted satellite time information a

time satellite information of all the actual satell
calculated and updated in advance by the central co
and allocating the selected satellite numbers to th
signal generation device.

A fourth step is calculating the distance between
actual satellite and the corresponding satellite si
generation device with respect to the selected sate
numbers based on coordinates of the actual orbit of
corresponding satellite numbers and coordinates of
installation location of the corresponding satellit
generation device, and transmitting delay transmiss
calculated by dividing the calculated distance by t
speed to the corresponding satellite signal generat
This is a step of calculating the satellite signal
delay time of the satellite signal generation devic
compensating an error caused by a difference in dis
between the actual satellites corresponding to the
satellite numbers and final end transmitting antenn
satellite signal generation devices generating the
signals corresponding to the selected satellite num
errors caused by the size of a service area and a t
difference.

A fifth step s

generating the satellite

signals

for location
location
nd the real-
ites
ntroller,
e satellite

the
gnal
llite
the
the
e signal
ion time
he light
ion device.
generation
e for
tances
selected
as of the
satellite
bers and
ime



corresponding to the selected satellite numbers by the satellite signal generation device in a manner of
being delayed by the delay transmission time. A sixth step is estimating a location of an indoor 5
satellite signal receiving terminal user based on the satellite signals corresponding to the at least 4
satellite numbers transmitted from the satellite signah@eneration device. This is a step of estimating a
current location of a user terminal by location estimation based on a satellite signal received 10 from
the satellite signal generation device. The embodiment of the present invention described above
and illustr&iaapre_AURaWIRGs s nSelRCRMstariglliseimNURMRIshniYI idea of the present Hfention.
Especiallysshelzatsllifiess tpidragomdersteonh as masonaprehpnsive concept 15 inelindinik RS

satellite CLB’{/etﬂgydMg Ii’réﬂ?&%i&mﬁ Ewtry and_ also Qali_leo_ a_nd GLONASS used in fore_ign (_:ountries.
Meanwhile,"the protection scope of the present invention is limited by the contents described in the

claims, and it is pOssibiéto HeRnde aﬁapm@&ﬁp thd tERFRIICR idaBf th9® present invention into
variols fogatehydrsigediaers \onginarynskal ustrebatad whith said subject mattehpesadatigeTherefore,

the change g MashicalianaiReIand tAe RiPiselon seopeftae resent invention as Iaqg g dne
changes and modific gronso%e 0] vicws tO.thOﬁe havinﬁ%éordinary skill in the 25art. 13 Claims 1.A
system fol BUTRURRG, 19 A6, TSI SHE SEREIMO8AIEI generation device I8 sykhtn
comprisindg Bastageiofngsiimaiing farcaedeininigcationtefsiynils; a central controlkermainpkriodically

receiving giyd eskshar sirdatoaf [gﬁl,éan@,saﬁallggtg]ﬁ@éng@@@pf all actual satellites, @¢sagdiing

satellite tirpe fr%n the, satellite signals received from the receiving antenna, and selecting at 10 least 4
ro e satFFg € plgndl generation device. : ) i
Ite numbers availablé Tor location estimation arnong all the actual satellites based on information

sate
on the satellite tinfé&ea@iNbodirerhb&f o sRteRREIYANERe ARRAIBBice receiving sateROMBmbers
allocated by théllgenti@Contthledrandngs may not be construe d to limit
the technical idea of the present invention. Espec ially, the
satellite should be understood as a comprehensive c oncept
15 including a GPS satellite currently widely used in the country
and also Galileo and GLONASS used in foreign countr ies.
Meanwhile, the protection scope of the present inve ntion is
limited by the contents described in the claims, an ditis
possible to change and modify the technical ideas o f the
20 present invention into various forms by those havin g ordinary
skill in the art to which said subject matter perta ins.
Therefore, the changes and modifications belong to a protection
scope of the present invention as long as the chang es and
modifications are obvious to those having ordinary skill in the

25 art.



15 generating satellite signals corresponding to the satellite numbers allocated by the central
controller, wherein the system provides an environment that enables an indoor satellite signal
receiving terminal user to estimate his or her location based on the satellite signals corresponding to
20 the at least 4 satellite numbers transmitted from thg satellite signal generation device. 2. The
system according to claim 1, wherein the central controller or the satellite signal generation device
calculates 25 distances between the actual satellites and the corresponding satellite signal generation
devices with respect to the selected satellite numié@idESed on actual orbit coordinates of the
corresponding satellite numbers and previously estimated location coordinates of the corresponding

satellite signal BOlgenerg\tigpsggeﬁc]%% %%%%‘lﬁhﬁ%ﬁ ﬂ%%flr Bﬁiagiltjme by dividing the (éalgulated
. rding to claim

distance by light speed. he system ac , Wherein the satellite signal
generatioP LR HORa! BRI RS DSIFERAIIRg to the selected S5tEIfe numbers in a
manngr of being delageviby theteletay foarereissignsateditessggved from the central conspller or
autonomously calgulatgslys14 Contréﬂél}hefgystﬁgh@m@wg Fé’c%'ﬁrmbli wherein the satellite signgl

generation device receives at Iegst fotr. allocate sate%{e numbers, and generates satelljte signals 5

correspondiffd tA8 a1BE&IEd Larkit il pe!lte 1MORHAY stem according to cldlmPL, @herein the
central coagtiR)rsairiite it detracingitsditellite e dravaitable for location estimatiersatabitg all actual

satellites existig iredBivisibiibhbaredreadiinigfarmation ahihegatellite time. lecting at
10 least 4 satellte numbers available for location es timation
among all the actual satellites based on informatio n on the
satellite time; and
at least one satellite signal generation device re ceiving
satellite numbers allocated by the central controll er, and
15 generating satellite signals corresponding to the s atellite
numbers allocated by the central controller,
wherein the system provides an environment that en ables an
indoor satellite signal receiving terminal user to estimate his
or her location based on the satellite signals corr esponding to
20 the at least 4 satellite numbers transmitted from t he satellite
signal generation device.
2. The system according to claim 1, wherein the ce ntral
controller or the satellite signal generation devic e calculates
25 distances between the actual satellites and the cor responding
satellite signal generation devices with respect to the
selected satellite numbers based on actual orbit co ordinates of
the corresponding satellite numbers and previously estimated
location coordinates of the corresponding satellite signal
30 generation devices and calculates delay transmissio n time by
dividing the calculated distance by light speed.
3. The system according to claim 2, wherein the
satellite signal generation device generates satell ite signals
35 corresponding to the selected satellite numbers in a manner of
being delayed by the delay transmission time receiv ed from the

central controller or autonomously calculated.



6. The system according to claim 1, wherein the central controllerselectsatleast onesatellite existing in
visibility among all the actual satellites and at least 3 15 satellites existing around within 120 degrees
latitude and longitude with respect to the satellite. 7. The system according to claim 1, wherein
the kinds of satellites comprise GPS, Galileo, and GU@NASS. 20 8. A method for estimating an
indoor location using a satellite signal generation device, the method comprising: receiving
satellite signals by a receiving antenna and transmitting the received satellite signals to a central 25
controller,; extracting satellite time from the received satellite signals, and synchronizing the

system based on4he exwrastedgstatite ditnerdialgctiog aldeast 4 saighdeenumipeys available for 30
location e%&%{gn gwﬂgp aélew(grgﬁ:w]al 58 BEG%Q@Q.%Q” 5?3\_'4529 satellite informatiop qa‘o lIl the
informa

actual satellites and nation on the satellite time and allocating the selected satellite numbers to
the satellitdSeA&EDG RIS, DLNEE 35 3NEUISERE GG aneaEB tween the actual safelfEEAIR the
corregpondorgesaiidmgigntigafiecatiod siataltivs muthbers.

5. The system according to claim 1, wherein the ce ntral
controller selects at least 4 satellite numbers ava ilable for
location estimation among all actual satellites exi sting in

10 visibility based on the information on the satellit e time.

6. The system according to claim 1, wherein the ce ntral
controller selects at least one satellte existing in
visibility among all the actual satellites and at | east 3

15 satellites existing around within 120 degrees latit ude and

longitude with respect to the satellite.

7. The system according to claim 1, wherein the k inds
of satellites comprise GPS, Galileo, and GLONASS.
20
8. A method for estimating an indoor location usin ga
satellite signal generation device, the method comp rising:
receiving satellite signals by a receiving antenna and
transmitting the received satellite signals to a ce ntral
25  controller;
extracting satellite time from the received satell ite
signals, and synchronizing the system based on the extracted
satellite time;
selecting at least 4 satellite numbers available f or
30 location estimation among all the actual satellites based on
real-time satellite information of all the actual s atellites
and information on the satellite time and allocatin g the
selected satellite numbers to the satellite signal generation
device;
35 calculating distances between the actual satellite s and
the corresponding satellite signal generation devic es with

respect to the selected satellite numbers based on actual orbit



respect to the selected satellite numbers based on actual orbit 15 coordinates of the corresponding
satellite numbersand installationlocationcoordinatesofthecorresponding satellite signal generation
devices and calculating delay transmission time by dividing the calculated distance by light 5speed;
generating satellite signals corresponding to the selet®ed satellite numbers in a manner of being
delayed by the delay transmission time by the satellite signal generation device; and 10estimating a
location of an indoor satellite signal receiving terminal user based on the satellite signals
correspon@ffidingiesat I84st theateFRErAERANEISGanSAIRIKE froRYRBESAtellite signal generatiéf

device.

10

installation  location coordinates of the correspond ing
satellite signal generation devices and calculating delay
transmission time by dividing the calculated distan ce by light
speed,;

generating satellite signals corresponding to the selected
satellite numbers in a manner of being delayed by t he delay
transmission time by the satellite signal generatio n device;
and

estimating a location of an indoor satellite signa I
receiving terminal user based on the satellite sign als
corresponding to the at least 4 satellite numbers t ransmitted

from the satellite signal generation device.



