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SYSTEM AND METHOD FOR ESTIMATING INDOOR LOCATION USING 

SATELLITE SIGNAL GENERATION DEVICE 

 

Technical Field 

 The present invention relates generally to a syste m and 5 

method for estimating an indoor location using a sa tellite 

signal generation device, and specifically to a sys tem and a 

method for estimating a location capable of freely providing a 

location estimation service without changing hardwa re or 

software for a user having a satellite signal recei ving 10 

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 

location of a receiving terminal using a triangulat ion method 20 

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 

satellite signals are not properly received indoors  such as 25 

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 

to as the conventional art) for receiving satellite  signals on 30 

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  

coordinates of retransmission signals received thro ugh a 35 

transmitting antenna (TX ANT) as coordinates of a r eceiving 

antenna (RX ANT) and a distance to the receiving an tenna 
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becomes a horizontal error.  In order to correct th e horizontal 

error, a plurality of receiving antennas (RX ANT) a re required, 

causing an increase in production and installation costs. 

 Secondly, a point of a receiving antenna installed  

outdoors and a point of a transmitting antenna corr espondingly 5 

installed indoors should be installed in a manner o f exactly 

matching with each other, but due to geographic fea tures 

installed on the roof, it is substantially difficul t to install 

the plurality of receiving antennas in a manner of exactly 

matching with the corresponding transmitting antenn as. 10 

 Thirdly, since a loss rate changes according to an  

insertion length of a cable illustrated by dotted l ines in FIG. 

1, electric field strengths at the end terminals of  

transmitting antennas should be controlled. 

 Fourthly, according to the installation heights of  15 

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 

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

 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 

the same as the satellite signals, extracting satel lite time 25 

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 

signal generation device, and generating satellite signals 30 

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 
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Detailed Description of the Invention 

Technical Problem  

 An aspect of the present invention is to build a s eamless 

location estimation system environment in which han dover is 

freely performed between an outdoor location estima tion 5 

environment and an indoor location estimation envir onment 

without changing hardware or software of a user ter minal. 

 In addition, another aspect of the present inventi on is to 

reduce the production cost by installing selectivel y one or 

more satellite signal generation devices according to the large 10 

or small installation area, and transmitting at lea st one 

satellite signal from the installed satellite signa l generation 

device, thereby adjusting the installation number o f satellite 

signal generation devices according to the installa tion area. 

 In addition, another aspect of the present inventi on to 15 

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 

corresponding satellites for location estimation. 20 

 

Technical Solution 

 In order to accomplish this object, an aspect of t he 

present invention provides a system for estimating an indoor 

location using a satellite signal generation device .  The system 25 

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 l-time 

satellite information of all actual satellites, ext racting 

satellite time from the satellite signals received from the 30 

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 

receiving satellite numbers allocated by the centra l 35 

controller, and generating satellite signals corres ponding to 

the satellite numbers allocated by the central cont roller, 
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wherein the system for estimating the indoor locati on provides 

an environment that enables an indoor satellite sig nal 

receiving terminal user to estimate his or her loca tion based 

on the satellite signals corresponding to at least 4 satellite 

numbers transmitted from the satellite signal gener ation 5 

device. 

 Preferably, the central controller or the satellit e signal 

generation device calculates distances between the actual 

satellites and the corresponding satellite signal g eneration 

devices with respect to the selected satellite numb ers based on 10 

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 

distance by light speed. 15 

 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 

autonomously calculated. 20 

 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. 

 Preferably, the central controller selects at leas t 4 25 

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 

satellite existing in visibility among all the actu al 30 

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. 

 According to another embodiment of the present inv ention, 35 

a method for estimating an indoor location using a satellite 

signal generation device includes receiving satelli te signals 



 

5

by a receiving antenna and transmitting the receive d satellite 

signals to a central controller; extracting satelli te time from 

the received satellite signals, and synchronizing t he system 

based on the extracted satellite time; selecting at  least 4 

satellite numbers available for location estimation  among all 5 

the actual satellites based on real-time satellite information 

of all the actual satellites and information on the  satellite 

time and allocating the selected satellite numbers to the 

satellite signal generation device; calculating dis tances 

between the actual satellites and the corresponding  satellite 10 

signal generation devices with respect to the selec ted 

satellite numbers based on actual orbit coordinates  of the 

corresponding satellite numbers and installation lo cation 

coordinates of the corresponding satellite signal g eneration 

devices and calculating delay transmission time by dividing the 15 

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 

of a indoor satellite signal receiving terminal use r based on 20 

the satellite signals corresponding to the at least  4 satellite 

numbers transmitted from the satellite signal gener ation 

device. 

 

Advantageous Effects  25 

 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 

estimation environment and an indoor location estim ation 30 

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 

more satellite signal generation devices according to the large 35 

or small installation area and transmitting at leas t one 

satellite signal from the installed satellite signa l generation 
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device, thereby adjusting the installation number o f satellite 

signal generation devices according to the installa tion area. 

 Thirdly, the present invention provides an effect of 

greatly improving accuracy of vertical location est imation, by 

selecting satellites not only within the visibility  but also in 5 

an orbit out of the visibility in a condition of a simple 

program modification of a receiver to use satellite  signals of 

the corresponding satellites for location estimatio n. 

 

Brief Description of the Drawings 10 

 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 

an indoor location using a satellite signal generat ion device 15 

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 

invention; 20 

 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 

the small and large installation areas; and 25 

 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 Out the Invention 

 A preferred embodiment of the present invention wi ll be 

described with reference to the accompanied drawing s as 

follows. 

 FIG. 2 is a diagram illustrating a configuration o f a 35 

system for estimating an indoor location according to the 

present invention. 
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 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 recei ving antenna 

which receives a satellite signal; a central contro ller, as a 

central controller that is capable of calculating a nd updating 5 

real-time satellite information of all actual satel lites, which 

extracts satellite time from the satellite signal r eceived from 

the receiving antenna for synchronization, and sele cts at least 

4 satellite numbers appropriate for location estima tion among 

all the actual satellites based on information on t he satellite 10 

time; and at least one satellite signal generation device which 

receives satellite numbers allocated from the centr al 

controller and generates satellite signals correspo nding to the 

satellite numbers allocated from the central contro ller. 

 The receiving antenna is an antenna installed outd oors so 15 

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 lding or the 

like in which the system for estimating an indoor l ocation 20 

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 

satellites, for example, currently 32 satellites, e xtracts 25 

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 

estimation among all the actual satellites based on  the 30 

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 

device and transmits information on the satellite s ignals of 35 

the actual satellites corresponding to the selected  satellite 

numbers to the satellite signal generation device.  In this 
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case, the central controller may allocate one satel lite number 

to each of the plurality of installed satellite sig nal 

generation devices to generate the corresponding sa tellite 

signals, and may allocate at least 4 satellite numb ers to one 

satellite signal generation device to generate the 5 

corresponding satellite signals. 

 Preferably, as illustrated in FIG. 3(a), among all  the 

actual satellites exiting in the visibility with re spect to the 

current location, at least 4 satellite numbers appr opriate for 

location estimation are selected.  Of course, it is  obvious that 10 

if satellites existing in the visibility change as time passes, 

the selected satellite numbers may be changed. 

 For example, with reference to FIG. 4, under the c ondition 

of the visibility illustrated in FIG. 4, satellites  of numbers 

3, 6, 16, and 21 may be selected at 9, but as time passes, for 15 

example, at 12, the selected satellites 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 

and at least 3 satellites existing around within 12 0 degrees 20 

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 

visibility may be selected and satellite signals fr om the 25 

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 

generating satellite signals corresponding to the s atellite 30 

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 

of satellite signal generation devices are installe d, and in an 35 

overground building with a relatively small install ation area, 

one satellite signal generation device is installed .  In this 
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case, it is obvious that one satellite signal gener ation device 

may receive at least 4 allocated satellite numbers to generate 

a plurality of satellite signals regardless of the installation 

number according to the installation area. 

 Meanwhile, with respect to the selected satellite numbers, 5 

the central controller calculates distances between  the actual 

satellites and the corresponding satellite signal g eneration 

devices based on coordinates of substantial orbits of the 

corresponding satellite numbers and coordinates of the 

installation location of the satellite signal gener ation device 10 

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 

generation device calculates the delay transmission  time, and 15 

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 

transmission time, because though navigation data o f the actual 20 

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 

the troposphere should be compensated with the dela y 25 

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 

certain satellite (SVi) selected in the visibility among 32 30 

satellites at any one time are Xj, Yj, and Zj (the j value 

changes according to time as the satellite moves am ong the 

orbit), 

 an apparatus for reproducing a satellite signal of  the SVi 

satellite among the satellite signal generation dev ices is 35 

defined as SSGi, and the coordinates are fixed coor dinates of 

X1, Y1, and Z1, and 
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 the pseudo-range of SVi and SSGi is defined as ρi, 

 . 

 Finally, the delay transmission time is 

. 

 Here, C defines the light speed of 2.99792458 × 10 8 m/s, 5 

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 

generates satellite signals corresponding to the se lected 10 

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 satellite and the 

corresponding satellite signal generation device ca n be 15 

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 

located indoors by receiving the satellite signals 20 

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  

estimating an indoor location using a satellite sig nal 25 

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 

central controller.  This is a step in which a rece iving antenna 30 

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 th e 

received satellite signals and synchronizes a syste m based on 

the extracted satellite time.  This is a step in th at the 

central controller extracts satellite time from the  satellite 

signals received from the receiving antenna, and sy nchronizes 5 

the extracted time and the satellite signal generat ion device. 

 A third step is selecting at least 4 satellite num bers 

appropriate for location estimation among all the a ctual 

satellites based on the satellite time information and the 

real-time satellite information of all the satellit es, and 10 

allocating the selected satellite numbers.  This is  a step of 

selecting at least 4 satellite numbers appropriate for location 

estimation with respect to the current installation  location 

based on the extracted satellite time information a nd the real-

time satellite information of all the actual satell ites 15 

calculated and updated in advance by the central co ntroller, 

and allocating the selected satellite numbers to th e satellite 

signal generation device. 

 A fourth step is calculating the distance between the 

actual satellite and the corresponding satellite si gnal 20 

generation device with respect to the selected sate llite 

numbers based on coordinates of the actual orbit of  the 

corresponding satellite numbers and coordinates of the 

installation location of the corresponding satellit e signal 

generation device, and transmitting delay transmiss ion time 25 

calculated by dividing the calculated distance by t he light 

speed to the corresponding satellite signal generat ion device.  

This is a step of calculating the satellite signal generation 

delay time of the satellite signal generation devic e for 

compensating an error caused by a difference in dis tances 30 

between the actual satellites corresponding to the selected 

satellite numbers and final end transmitting antenn as of the 

satellite signal generation devices generating the satellite 

signals corresponding to the selected satellite num bers and 

errors caused by the size of a service area and a t ime 35 

difference. 

 A fifth step is generating the satellite signals 
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corresponding to the selected satellite numbers by the 

satellite signal generation device in a manner of b eing delayed 

by the delay transmission time. 

 A sixth step is estimating a location of an indoor  

satellite signal receiving terminal user based on t he satellite 5 

signals corresponding to the at least 4 satellite n umbers 

transmitted from the satellite signal generation de vice.  This 

is a step of estimating a current location of a use r terminal 

by location estimation based on a satellite signal received 

from the satellite signal generation device. 10 

 The embodiment of the present invention described above 

and illustrated in the drawings 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 

including a GPS satellite currently widely used in the country 15 

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 d it is 

possible to change and modify the technical ideas o f the 

present invention into various forms by those havin g ordinary 20 

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 

art. 25 
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CLAIMS 

 

 1. A system for estimating an indoor location using a 

satellite signal generation device, which can  build a 

seamless location estimation system environment in which 5 

handover is freely performed between an outdoor location 

estimation environment and an indoor location estimation 

environment without changing hardware or software of a user 

terminal, the system comprising: 

 a receiving antenna for receiving satellite signals; 10 

 a central controller for periodically receiving and 

storing an update of real-time satellite information of all 

actual satellites, extracting satellite time from the 

satellite signals received from the receiving antenna, and 

selecting at least 4 satellite numbers available for location 15 

estimation among all the actual satellites based on 

information on the actual satellites and the satellite time; 

and  

 at least one satellite signal generation device receiving 

satellite numbers allocated by the central controller, and 20 

generating satellite signals corresponding to the satellite 

numbers allocated by the central controller, 

 wherein the central controller calculates distances 

between the actual satellites and the corresponding satellite 

signal generation devices with respect to the selected 25 

satellite numbers based on actual orbit coordinates of the 

corresponding satellite numbers and installation location 

coordinates of the corresponding satellite signal generation 

devices, transmits delay transmission time calculated by 

dividing the calculated distance by light speed to the 30 

corresponding satellite signal generation devices, and 

eventually enables the satellite signal generation device to 

generate satellite signals corresponding to the selected 

satellite numbers in a manner of being delayed by the delay 

transmission time received from the central controller.  35 

 2. A system for estimating an indoor location using a 

satellite signal generation device, which can  build a 

seamless location estimation system environment in which 

handover is freely performed between an outdoor location 
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estimation environment and an indoor location estimation 

environment without changing hardware or software of a user 

terminal, the system comprising: 

 a receiving antenna for receiving satellite signals; 

 a central controller for periodically receiving and 5 

storing an update of real-time satellite information of all 

actual satellites, extracting satellite time from the 

satellite signals received from the receiving antenna, and 

selecting at least 4 satellite numbers available for location 

estimation among all the actual satellites based on 10 

information on the actual satellites and the satellite time; 

and  

 at least one satellite signal generation device receiving 

satellite numbers allocated by the central controller, and 

generating satellite signals corresponding to the satellite 15 

numbers allocated by the central controller, 

 wherein the satellite signal generation device calculates 

distances between the actual satellites and the corresponding 

satellite signal generation devices with respect to the 

selected satellite numbers based on actual orbit coordinates 20 

of the corresponding satellite numbers and installation 

location coordinates of the corresponding satellite signal 

generation devices, calculates delay transmission time by 

dividing the calculated distance by light speed, and 

eventually generates satellite signals corresponding to the 25 

selected satellite numbers in a manner of being delayed by the 

delay transmission time.   

 3. The system according to claim 1, wherein the 

satellite signal generation device receives at least four 

allocated satellite numbers, and generates satellite signals 30 

corresponding to the allocated satellite numbers. 

 4. The system according to claim 1, wherein the central 

controller selects at least 4 satellite numbers available for 

location estimation among all actual satellites existing in 

visibility based on the information on the satellite time. 35 

 5. The system according to claim 1, wherein the central 

controller selects at least one satellite existing in 

visibility among all the actual satellites and at least 3 
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satellites existing around within 120 degrees latitude and 

longitude with respect to the satellite. 

 6.  The system according to claim 1, wherein the kinds 

of satellites comprise GPS, Galileo, and GLONASS. 

 7. A method for estimating an indoor location using a 5 

satellite signal generation device, which can  build a 

seamless location estimation system environment in which 

handover is freely performed between an outdoor location 

estimation environment and an indoor location estimation 

environment without changing hardware or software of a user 10 

terminal, the method comprising: 

 receiving satellite signals by a receiving antenna and 

transmitting the received satellite signals to a central 

controller; 

 extracting satellite time from the received satellite 15 

signals; 

 selecting at least 4 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 allocating the 20 

selected satellite numbers to the satellite signal generation 

device; 

 calculating distances between the actual satellites and 

the corresponding satellite signal generation devices with 

respect to the selected satellite numbers based on actual 25 

orbit coordinates of the corresponding satellite numbers and 

installation location coordinates of the corresponding 

satellite signal generation devices and calculating delay 

transmission time by dividing the calculated distance by light 

speed; 30 

 generating satellite signals corresponding to the 

selected satellite numbers in a manner of being delayed by the 

delay transmission time by the satellite signal generation 

device; and 

 estimating a location of an indoor satellite signal 35 

receiving terminal user based on the satellite signals 

corresponding to the at least 4 satellite numbers transmitted 

from the satellite signal generation device.  


