
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

32
7 

46
5

A
1

TEPZZ¥¥ 7465A_T
(11) EP 3 327 465 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
30.05.2018 Bulletin 2018/22

(21) Application number: 17202087.7

(22) Date of filing: 16.11.2017

(51) Int Cl.:
G01S 19/05 (2010.01) G01S 19/25 (2010.01)

G01S 19/02 (2010.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD

(30) Priority: 23.11.2016 KR 20160156815
20.10.2017 KR 20170136795

(71) Applicant: Korea Aerospace Research Institute
Daejeon 34133 (KR)

(72) Inventors:  
• PARK, Jae Ik

Daejeon 34133 (KR)
• LEE, Eun Sung

Daejeon 34133 (KR)
• HEO, Moon Beom

Daejeon 34133 (KR)
• NAM, Gi Wook

Daejeon 34133 (KR)

(74) Representative: Manitz Finsterwald Patentanwälte 
PartmbB
Martin-Greif-Strasse 1
80336 München (DE)

(54) METHOD AND SYSTEM FOR TIME TO FIRST FIX (TTFF) REDUCTION OF GPS RECEIVERS 
USING SATELLITE BASED AUGMENTATION SYSTEM (SBAS) SIGNAL

(57) A Global Positioning System (GPS) receiver, a
control method of the GPS receiver, and a GPS system
are provided, which are capable of reducing an initial
position check time using an SBAS signal transmitted
from a SBAS satellite. The control method of a GPS re-
ceiver includes receiving an SBAS signal from a SBAS
satellite and calculating a satellite clock and a satellite
position of the GPS receiver using the received SBAS
signal. The SBAS signal may contain a difference value
between the ephemeris data and the almanac data of
the GPS satellite. The difference value between the
ephemeris data and the almanac data may include a sat-
ellite clock difference value and a satellite position differ-
ence value for the GPS satellite. Accordingly, it is possi-
ble to acquire the current position and time information
more quickly and accurately, by shortening the initial po-
sition check time using the difference value between the
ephemeris data and the almanac data included in the
SBAS signal.
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Description

BACKGROUND

Technical field

[0001] The present disclosure relates to a Global Positioning System (GPS) receiver, a control method of the GPS
receiver, and a GPS system, and more particularly, to a GPS receiver, a control method of the GPS receiver, and a
GPS system, which are capable of reducing an initial position check time using a Satellite Based Augmentation System
(SBAS) signal transmitted from a SBAS satellite.

Background Art

[0002] Generally, Unmanned Aerial Vehicle (UAV), sometimes called a "drone", refers to an aircraft that is capable of
flying without a pilot aboard according to a pre-programmed program to perform a designated mission, or autonomously
flying while recognizing by itself the environment (e.g., obstacle or route).
[0003] Unlike general aircraft, the UAVs do not have space for pilots or safety devices for the purpose of compactness
and lightweight, and they are widely used for information gathering and reconnaissance in places where human access
is difficult. For example, UAVs are used for various purposes such as meteorological observations, acquisition of aerial
imaging of catastrophe and disaster areas that are difficult to access, power line inspections, and so on.
[0004] In order to fly the UAV, navigation equipment including an inertial navigation system for attitude control and a
Global Positioning System (GPS) for guiding the route is necessary. UAV may use GPS to determine the current position,
and conventionally, there is a problem that the Time to First Fix (TTFF), which is the time required at the initial take-off
of the UAV for receiving the GPS signal and determining the current position, is lengthened.
[0005] The GPS receiver determines in advance which satellite signals can be received based on the latest almanac
data, and receives ephemeris data from one of the satellites receiving the latest ephemeris data to establish a clock
synchronization with the satellites, and receives the signal from the three or more other satellites to measure the distance
to each satellite and determine its own position.
[0006] The TTFF may vary by Factory Start, Cold Start, Warm Start, Hot Start, and so on, depending on whether or
not the almanac data and the ephemeris data are received after the GPS receiver is turned on. Among these, except
for the case of Hot Start in which the GPS receiver is used again within a few minutes after turn-off, or the GPS receiver
is temporarily unable to receive GPS satellite signals due to obstacles (buildings, tunnels, etc.), TTFF generally takes
about 30 seconds to 15 minutes when it is necessary to receive the almanac data and the ephemeris data.
[0007] Thus, there is a problem that the time until the UAV is operated is significantly delayed due to the TTFF.
[0008] Therefore, it is essential to develop a technique to shorten the initial position check time by using the difference
value between the ephemeris data and the almanac data included in the SBAS signal, in order to reduce the operation
time of the UAV and to quickly determine the location of the UAV in the event of an emergency. Also, in addition to
UAVs, it is essential to develop associated technologies in areas where it is necessary to shorten the time to determine
the current position upon GPS receiver turn-on.

SUMMARY

[0009] Accordingly, it is an object of the present disclosure to provide a GPS receiver, a control method of the GPS
receiver, and a GPS system, which may quickly and accurately acquire current position and time information by shortening
an initial position check time using an SBAS signal including a difference value between ephemeris data and almanac data.
[0010] Further, in addition to the objects explicitly mentioned, the present disclosure includes other objects that may
be achieved from the configuration of the present disclosure described below.
[0011] In order to achieve the technical objects mentioned above, a control method of a GPS receiver according to
an embodiment of the present invention may include receiving an SBAS signal from a SBAS satellite and calculating a
satellite clock and a satellite position of the GPS receiver using the received SBAS signal.
[0012] The SBAS signal may contain a difference value between the ephemeris data and the almanac data of the
GPS satellite.
[0013] The difference value between the ephemeris data and the almanac data may include a satellite clock difference
value and a satellite position difference value for the GPS satellite.
[0014] The satellite clock difference value between the ephemeris data and almanac data for the GPS satellite may
be calculated by 
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[0015] The satellite position difference value between the ephemeris data and almanac data for the GPS satellite may
be calculated by 

where, t0 is the time of calculating the satellite clock difference value at a ground station, ΔTj(t0) is the satellite clock

difference value calculated at time to at the ground station for j-th GPS satellite among a plurality of GPS satellites,

 is the satellite clock ephemeris data of the j-th GPS satellite,  is the satellite clock almanac
data of the j-th GPS satellite, Δxj(t0) is the satellite position difference value calculated at time to at the ground station

for the j-th GPS satellite among the plurality of GPS satellites,  is the satellite position ephemeris data of

the j-th GPS satellite, and  is the satellite position almanac data of the j-th GPS satellite.
[0016] The satellite clock ephemeris data of the GPS satellite may be calculated by 

[0017] The satellite position ephemeris data of the GPS satellite may be calculated by 

where, t is the time of calculating the satellite clock ephemeris data at a GPS receiver,  is the satellite clock

ephemeris data calculated at time t for a j-th GPS satellite,  is the satellite clock almanac data already
maintained in the GPS receiver at time t for the j-th GPS satellite, ΔTj(t0) is the satellite clock difference value between

the ephemeris data and the almanac data acquired from a SBAS message for the j-th GPS satellite,  is the
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satellite position ephemeris data calculated at time t for the j-th GPS satellite,  is the satellite position almanac
data already maintained in the GPS receiver at time t for the j-th GPS satellite, Δxj(t0) is the satellite position difference

value between the ephemeris data and almanac data acquired from the SBAS message for the j-th GPS satellite, and
t0 is the time of calculating the satellite position difference value at the ground station.

[0018] The SBAS signal may include a difference value in the position and a difference value in a time correction value
for 4 or more GPS satellites, by 50 bits per second or less.
[0019] The GPS receiver according to another embodiment of the present disclosure may include a receiver configured
to receive the SBAS signal from the SBAS satellite and a controller configured to calculate the satellite clock and satellite
position of the GPS satellite using the received SBAS signal.
[0020] The ground station according to another embodiment of the present disclosure calculates a difference value
between ephemeris data and almanac data of the GPS satellite, and includes the calculated difference value in a SBAS
message and transmit the same to the SBAS satellite.
[0021] According to the present disclosure, there is an advantage that the GPS receiver may acquire the current
position and time information more quickly and accurately, thereby enabling quick operation, since the initial position
check time is shortened by using the difference value between the ephemeris data and the almanac data included in
the SBAS signal. In addition, there is no need for a separate receiver since the GPS receiver may receive the SBAS
signal and there is also no space constraint since the present disclosure may be used in all the spaces where the SBAS
signal may reach.
[0022] In addition, it is possible to acquire the current position and time information required in the field of UAVs for
the initial takeoff quickly and accurately through the use of SBAS signal, and precision control the UAV is enabled. In
addition, the present disclosure may be applied in various fields in which position and time information are required.
Meanwhile, the effects of the present disclosure are not limited to those described above, and other effects that may be
derived from the constitution of the present disclosure described below are also included in the effects of the present
disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The above and other objects, features and advantages of the present disclosure will become more apparent
to those of ordinary skill in the art by describing in detail exemplary embodiments thereof with reference to the accom-
panying drawings, in which:

FIG. 1 is a schematic block diagram of a GPS system according to an embodiment of the present disclosure;
FIG. 2 is a detailed block diagram of the GPS receiver shown in Fig. 1; and
FIG. 3 is a view provided to explain an operation process of the GPS system according to an embodiment of the
present disclosure.

DETAILED DESCRIPTION

[0024] Hereinafter, embodiments of the present disclosure will be described in detail with reference to the accompa-
nying drawings so that those skilled in the art can easily carry out the present disclosure.
[0025] FIG. 1 shows a schematic diagram of a GPS system according to an embodiment of the present disclosure.
[0026] As shown in FIG. 1, the GPS system 1 includes a ground station 100, an SBAS satellite 200, and a GPS receiver
300.
[0027] The ground station 100 may include a reference station (not illustrated), a central station (not illustrated), a
satellite communication station (not illustrated), and so on. Specifically, GPS signals may respectively be received from
the reference stations distributed over a wide area and navigation data and distance measurements may be generated
and transmitted to the central station. The central station may use the information collected from the reference stations
to generate correction information for correcting the orbit, clock error and ionospheric delay error for GPS satellite to be
used for the position calculation at the GPS receiver 300, and generate integrity information for determining presence/ab-
sence of abnormality in the GPS signal, or the like. The correction information and the integrity information generated
at the central station may be included in the SBAS message and transmitted to the satellite communication station. The
satellite communication station may then transmit the SBAS signal including the SBAS message to the SBAS satellite 200.
[0028] In this example, the SBAS (Satellite Based Augmentation System) refers to a satellite-based correction system
that corrects GPS signal errors and provides accurate position information through geostationary satellites. The SBAS
may correct GPS error at about 1m-level.
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[0029] The ground station 100 may calculate respective difference values between ephemeris data and almanac data
for a plurality of GPS satellites (not illustrated). The ground station 100 may then include the calculated difference values
between the ephemeris data and the almanac data of the GPS satellite in the SBAS message and transmit it to the
SBAS satellite 200.
[0030] The ephemeris data of the GPS satellite represents very precise orbit and clock correction information of the
GPS satellite and may be updated approximately every 5 hours. The GPS satellite completes transmission of the
ephemeris data in approximately 30 seconds and continues retransmitting it.
[0031] The almanac data of the GPS satellite represents the approximate orbital parameter information of the GPS
satellite and may be updated once in a few months. The GPS satellite completes transmission of the almanac data in
approximately 30 seconds and continues retransmitting it.
[0032] The ground station 100 may receive the ephemeris data and the almanac data from the GPS satellite and
calculate the difference value between the ephemeris data and the almanac data of the corresponding GPS satellite
based on the received data.
[0033] The difference value between the ephemeris data and the almanac data of the GPS satellite may include the
satellite clock difference value and the satellite position difference value.
[0034] The satellite clock difference values between the ephemeris data and the almanac data of the GPS satellite
may be calculated by Equation 1 below. 

where, t0 is the time of calculating the satellite clock difference value at the ground station, ΔTj(t0) is the satellite clock

difference value calculated at time to at the ground station for the j-th GPS satellite among a plurality of GPS satellites,

 is the satellite clock ephemeris data of the j-th GPS satellite, and  is the satellite clock almanac
data of the j-th GPS satellite.
[0035] The satellite position difference value between the ephemeris data and the almanac data of the GPS satellite
may be calculated by Equation 2 below. 

where, t0 is the time of calculating the satellite clock difference value at the ground station, Δxj(t0) is a satellite position

difference value calculated at time to at the ground station for the j-th GPS satellite among a plurality of GPS satellites,

 is the satellite position ephemeris data of the j-th GPS satellite, and  is the satellite position
almanac data of the j-th GPS satellite.
[0036] The SBAS satellite 200 may include an SBAS message, including the difference value between the ephemeris
data and the almanac data of the G PS satellite transmitted from the ground station 100, in SBAS signal, and transmit
the SBAS message to the GPS receiver 300 in the service area.
[0037] The GPS receiver 300 may accurately determine its own position by using the GPS signal received from the
GPS satellite and the SBAS signal received from the SBAS satellite 200.
[0038] In particular, the GPS receiver 300 according to the present disclosure may calculate its own position even
before acquiring the ephemeris data and the almanac data, by receiving the GPS signal from the GPS satellite upon
turn-on.
[0039] The GPS receiver 300 may acquire the difference value between the ephemeris data and the almanac data of
the GPS satellite from the SBAS signal. The GPS receiver 300 may acquire the ephemeris data of the GPS satellite by
applying the difference value between the acquired ephemeris data and the almanac data to the previously stored
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almanac data. This will be described in detail below.
[0040] FIG. 2 is a diagram showing a detailed configuration of the GPS receiver illustrated in FIG. 1.
[0041] The GPS receiver 300 may include a receiver 310, a controller 330 and a storage 350.
[0042] The receiver 310 may receive the SBAS signal from the SBAS satellite 200 through the antenna.
[0043] The controller 330 may calculate the satellite clock ephemeris data and the satellite position ephemeris data
of the GPS satellite using the received SBAS signal. The information previously stored at the GPS receiver 300 may be
used for the almanac data.
[0044] More specifically, the controller 330 may calculate the satellite clock information and the satellite position
information of the corresponding GPS satellite, using the difference value between the ephemeris data and the almanac
data of the GPS satellite included in the SBAS message.
[0045] Equation 3 below shows the calculation of the satellite clock ephemeris data of the GPS satellite at the GPS
receiver 300. 

where, t is the time of calculating the satellite clock ephemeris data at the GPS receiver,  is the satellite

clock ephemeris data calculated at time t for the j-th GPS satellite,  is the satellite clock almanac data already
maintained in the GPS receiver at time t for the j-th GPS satellite, ΔTj(t0) is the satellite clock difference value between

the ephemeris data and the almanac data acquired from the SBAS message for the j-th GPS satellite, and t0 is the time

of calculating the satellite clock difference value at the ground station.
[0046] Equation 4 below shows the calculation of the satellite position ephemeris data of the GPS satellite at the GPS
receiver 300. 

where, t is the time of calculating the satellite position ephemeris data at the GPS receiver,  is the satellite

position ephemeris data calculated at time t for the j-th GPS satellite,  is the satellite position almanac data
already maintained in the GPS receiver at time t for the j-th GPS satellite, Δxj(t0) is the satellite position difference value

between the ephemeris data and the almanac data acquired from the SBAS message for the j-th GPS satellite, and t0
is the time of calculating the satellite position difference value at the ground station.
[0047] The controller 330 may calculate the current position and time information of the GPS receiver 300 using the
satellite clock ephemeris data and the satellite position ephemeris data of the GPS receiver calculated in the manner
described above.
[0048] The controller 330 may store the calculated current position and time information of the GPS receiver 300 in
the storage 350 or may transmit it to a device(e.g., control means of UAV) connected to the GPS receiver 300.
[0049] The storage 350 may store the almanac data received from the GPS satellite and provide the almanac data
when the controller 330 calculates the ephemeris data using the difference value included in the SBAS signal.
[0050] Meanwhile, it is possible to include, by 50 bits per second or less, the difference values between the ephemeris
data and the almanac data for 4 to 5 or more GPS satellites in the SBAS message and provide the SBAS message.
[0051] More specifically, the transmission rate of the SBAS signal transmitted from the SBAS satellite 200 (i.e., trans-
mission rate of the SBAS message) is 250 bits per second, and the data field excluding the preamble and the message
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ID is 212 bits. In the current standard SBAS message format, the capacity available for the difference values between
ephemeris data and almanac data for the GPS satellites is 50 bits per second. By loading the difference values between
the ephemeris data and the almanac data of the four or more GPS satellites on one SBAS message, which can be
transmitted every 5 seconds, it is possible to shorten the initial position check time to about 5 seconds.
[0052] The technique for shortening the initial position check time may be applied to the field of UAVs or all technical
fields associated with providing position and time information using a GPS receiver. In the field of UAVs, because the
position and time information required at the initial take-off can be acquired quickly and accurately through the SBAS
signal, precision control of UAVs is enabled, and the performance of various functions requiring the position and time
information such as Ready to Fly Mode, Return Home or Waypoint, and so on can also be enhanced.
[0053] In addition, other science fields of providing position information are also applicable. For example, position
information is necessary for investigating moving marine ecosystems such as whales, and so on, but since the position
information may not be obtained when the whale submerged in the sea, the position information should be acquired for
the time of about 30 seconds until the whales reappear on the surface of the water and the acquired position should be
transmitted.
[0054] Therefore, if it is possible to shorten the initial position check time and shorten the position information acquisition
time, it will be possible to track the movement of the whales more precisely and conduct accurate ecological investigation.
[0055] Hereinafter, a control method of a control system will be described according to an embodiment of the present
disclosure.
[0056] FIG. 3 is a view provided to explain an operation procedure of a GPS system according to an embodiment of
the present disclosure.
[0057] As illustrated in FIG. 3, the ground station may calculate and transmit the difference value between the ephemeris
data and the almanac data of the GPS satellite to the SBAS satellite, at S300.
[0058] More specifically, the ground station may calculate the difference value between the ephemeris data and the
almanac data of the GPS satellite based on the GPS satellite information generated from its constant observation on
the GPS signal and include the calculated result in the SBAS message and transmit this to the SBAS satellite.
[0059] At S300, the ground station may include, by 50 bits per second or less, the difference value between the
ephemeris data and the almanac data for 4 to 5 or less GPS satellites in the data field of the SBAS message and transmit
the SBAS message.
[0060] The SBAS satellite may then include the SBAS signal including the difference value between the ephemeris
data and the almanac data of the GPS satellite in the SBAS signal and transmit the SBAS signal, at S310.
[0061] The GPS receiver may then receive the SBAS message including the difference value between the ephemeris
data and the almanac data of the GPS receiver from the SBAS satellite, at S320. The operation at S320 may be performed
upon the GPS receiver being turned on, before receiving the GPS signal from the GPS satellite to acquire the ephemeris
data.
[0062] The GPS receiver may then acquire the ephemeris data of the GPS satellite using Equation 3 or 4 described
above, using the difference value between the ephemeris data and the almanac data included in the received SBAS
message, and may calculate its position and time information using the acquired data, at S330.
[0063] Embodiments of the present disclosure include a computer-readable medium including program instructions
for performing various computer-implemented operations. The medium records a program for executing the GPS re-
ceiving method described above. The medium may include program instructions, data files, data structures, etc., alone
or in combination. Examples of such medium include magnetic medium such as hard disks, floppy disks and magnetic
tape, optical recording medium such as CD and DVD, floptical disk and magneto-optical medium, hardware devices
configured to store and execute program instructions, such as ROM, RAM, flash memory, etc. Examples of program
instructions include machine language codes such as those generated by a compiler, as well as high-level language
codes that may be executed by a computer using an interpreter, and so on.
[0064] The present disclosure has been described in detail. However, it should be understood that the detailed de-
scription and specific examples, while indicating preferred embodiments of the disclosure, are given by way of illustration
only, since various changes and modifications within the scope of the disclosure will become apparent to those skilled
in the art from this detailed description.

Claims

1. A control method of a Global Positioning System (GPS) receiver, comprising:

receiving a Satellite Based Augmentation System (SBAS) signal from a SBAS satellite; and
calculating satellite clock and satellite position of a GPS satellite using the received SBAS signal, wherein the
SBAS signal comprises a difference value between ephemeris data and almanac data of the GPS satellite.
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2. The control method of claim 1, wherein the difference value between the ephemeris data and the almanac data
comprises a satellite clock difference value and a satellite position difference value for the GPS satellite.

3. The control method of claim 2, wherein the satellite clock difference value between the ephemeris data and almanac
data for the GPS satellite is calculated by: 

and the satellite position difference value between the ephemeris data and almanac data for the GPS satellite is
calculated by: 

where, t0 is the time of calculating the satellite clock difference value at a ground station, ΔTj(t0) is the satellite clock

difference value calculated at time to at the ground station for j-th GPS satellite among a plurality of GPS satellites,

 is the satellite clock ephemeris data of the j-th GPS satellite,  is the satellite clock almanac
data of the j-th GPS satellite, Δxj(t0) is the satellite position difference value calculated at time to at the ground station

for the j-th GPS satellite among the plurality of GPS satellites,  is the satellite position ephemeris

data of the j-th GPS satellite, and  is the satellite position almanac data of the j-th GPS satellite.

4. The control method of claim 3, wherein the calculating the satellite clock and satellite position of the GPS satellite
using the received SBAS signal comprises calculating the satellite clock ephemeris data of the GPS satellite by: 

and calculating the satellite position ephemeris data of the GPS satellite by: 

where, t is the time of calculating the satellite clock ephemeris data at a GPS receiver,  is the satellite
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clock ephemeris data calculated at time t for a j-th GPS satellite,  is the satellite clock almanac data
already maintained in the GPS receiver at time t for the j-th GPS satellite, ΔTj(t0) is the satellite clock difference

value between the ephemeris data and the almanac data acquired from a SBAS message for the j-th GPS satellite,

 is the satellite position ephemeris data calculated at time t for the j-th GPS satellite,  is the
satellite position almanac data already maintained in the GPS receiver at time t for the j-th GPS satellite, Δxj(t0) is

the satellite position difference value between the ephemeris data and almanac data acquired from the SBAS
message for the j-th GPS satellite, and t0 is the time of calculating the satellite position difference value at the ground

station.

5. The control method of claim 1, wherein the SBAS signal comprises a difference value in the position and a difference
value in a time correction value for 4 or more GPS satellites, by 50 bits per second or less.

6. A GPS receiver, comprising:

a receiver configured to receive a SBAS signal from a SBAS satellite; and
a controller configured to calculate a satellite clock and a satellite position of a GPS satellite using the received
SBAS signal, wherein the SBAS signal comprises a difference value between ephemeris data and almanac
data of the GPS satellite.

7. The GPS receiver of claim 6, wherein the difference value between the ephemeris data and the almanac data
comprises a satellite clock difference value and a satellite position difference value for the GPS satellite.

8. The GPS receiver of claim 7, wherein the satellite clock difference value between the ephemeris data and almanac
data for the GPS satellite is calculated by: 

and the satellite position difference value between the ephemeris data and almanac data for the GPS satellite is
calculated by: 

where, t0 is the time of calculating the satellite clock difference value at a ground station, ΔTj(t0) is the satellite clock

difference value calculated at time to at the ground station for j-th GPS satellite among a plurality of GPS satellites,

 is the satellite clock ephemeris data of the j-th GPS satellite,  is the satellite clock almanac
data of the j-th GPS satellite, Δxj(t0) is the satellite position difference value calculated at time to at the ground station

for the j-th GPS satellite among the plurality of GPS satellites,  is the satellite position ephemeris
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data of the j-th GPS satellite, and  is the satellite position almanac data of the j-th GPS satellite.

9. The GPS receiver of claim 8, wherein the controller calculates the satellite clock ephemeris data of the GPS satellite
by:

and calculates the satellite position ephemeris data of the GPS satellite by: 

where, t is the time of calculating the satellite clock ephemeris data at a GPS receiver,  is the satellite

clock ephemeris data calculated at time t for a j-th GPS satellite,  is the satellite clock almanac data
already maintained in the GPS receiver at time t for the j-th GPS satellite, ΔTj(t0) is the satellite clock difference

value between the ephemeris data and the almanac data acquired from a SBAS message for the j-th GPS satellite,

 is the satellite position ephemeris data calculated at time t for the j-th GPS satellite,  is the
satellite position almanac data already maintained in the GPS receiver at time t for the j-th GPS satellite, Δxj(t0) is

the satellite position difference value between the ephemeris data and almanac data acquired from the SBAS
message for the j-th GPS satellite, and t0 is the time of calculating the satellite position difference value at the ground

station.

10. The GPS receiver of claim 6, wherein the SBAS signal comprises a difference value in the position and a difference
value in a time correction value for 4 or more GPS satellites, by 50 bits per second or less.

11. A ground station configured to calculate a difference value between ephemeris data and almanac data of a GPS
satellite, and include the calculated difference value in a SBAS message and transmit the same to a SBAS satellite.

12. The ground station of claim 11, wherein the difference value between the ephemeris data and the almanac data
comprises a satellite clock difference value and a satellite position difference value for the GPS satellite.

13. The ground station of claim 12, wherein the satellite clock difference value between the ephemeris data and almanac
data for the GPS satellite is calculated by: 
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and the satellite position difference value between the ephemeris data and almanac data for the GPS satellite is
calculated by: 

where, t0 is the time of calculating the satellite clock difference value at a ground station, ΔTj(t0) is the satellite clock

difference value calculated at time to at the ground station for j-th GPS satellite among a plurality of GPS satellites,

 is the satellite clock ephemeris data of the j-th GPS satellite,  is the satellite clock almanac
data of the j-th GPS satellite, Δxj(t0) is the satellite position difference value calculated at time to at the ground station

for the j-th GPS satellite among the plurality of GPS satellites,  is the satellite position ephemeris

data of the j-th GPS satellite, and  is the satellite position almanac data of the j-th GPS satellite.

14. The ground station of claim 13, wherein the ground station calculates the satellite clock ephemeris data of the GPS
satellite by: 

and calculates the satellite position ephemeris data of the GPS satellite by: 

where, t is the time of calculating the satellite clock ephemeris data at a GPS receiver,  is the satellite

clock ephemeris data calculated at time t for a j-th GPS satellite,  is the satellite clock almanac data
already maintained in the GPS receiver at time t for the j-th GPS satellite, ΔTj(t0) is the satellite clock difference

value between the ephemeris data and the almanac data acquired from a SBAS message for the j-th GPS satellite,

 is the satellite position ephemeris data calculated at time t for the j-th GPS satellite,  is the
satellite position almanac data already maintained in the GPS receiver at time t for the j-th GPS satellite, Δxj(t0) is

the satellite position difference value between the ephemeris data and almanac data acquired from the SBAS
message for the j-th GPS satellite, and t0 is the time of calculating the satellite position difference value at the ground
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station.

15. The ground station of claim 11, wherein the SBAS signal comprises a difference value in the position and a difference
value in a time correction value for 4 or more GPS satellites, by 50 bits per second or less.
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