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FIG.6 
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FIG.9 
“ME FOUR HEO FIVE HEO SIX HEO FOUR HEO THREE H50 
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6' 6.1 6.2 74 16:0’ TVA 6.6 ‘10.0 
7 7.4 6.4 7.0 6.0 6.4 
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INITIAL CONDITION 
1. FOUR HEO SATELLITES: POSITIONS AT 0000, 0600, 1200, 1800 HOURS 
Emmi-EVE HEO SATELLITES: POSITIONS AT 0000, 0500, 1000, 1500, 2000 

3. SIX HEO .SATELLITES: POSITIONS AT 0000, 0400, 0800, 1200I 1600, 
2000 HOURS 
4. FOUR HEO SATELLITES (POSITIONS AT 0000, 0600, 1200, 1800 
HOURS) ADDED WITH A GEOSTATIONARY SATELLITE NSTAR (AZIMUTH 186.4, 
ELEVATION 48.4) 
5. THREE HEO SATELLITES (0000, 0800, 1600 HOURS) +N$TAR 
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FIG. 1 O 

SATELLITE POSITION AZIMUTH FROM ELEVATION DISTANCE 
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13 231.263 66.214 33423 

19 226.361 44.675 36350 

20 221 .393 32.303 35429 

21 215.143 20.09 34256 

22 206.588 9.437 33333 

23 196.715 2.432 32937 
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INFORMATION TERMINAL WITH POSITIONING 
FUNCTION, POSITIONING SYSTEM, METHOD OF 

POSITIONING, STORAGE MEDIUM, AND 
COMPUTER PROGRAM PRODUCT 

[0001] This application is based on Japanese Patent Appli 
cation No. 2000-268372 ?led in Japan, the contents of Which 
are incorporated hereinto by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a positioning tech 
nique for using a signal transmitted from an arti?cial satel 
lite to measure a position of an information terminal pro 
vided to a mobile station side system. 

[0004] 2. Related Art Statement 

[0005] Japanese Patent Laid-Open No. 11-34996 
describes a positioning technique using a non-geostationary 
general-purpose satellite that moves on a long elliptical orbit 
and can provide services Without being affected by land 
forms and shadoWs by building arrangement Within a spe 
ci?c service area (for example, the area of a certain country, 
such as the Whole of Japan including isolated islands and the 
range of territorial Waters) (hereinafter, referred to as a 
quasi-Zenithal satellite), Wherein the satellite is provided 
With a communication system, goes around on the elliptical 
orbit in a 24-hour cycle, and is used for the positioning in the 
range of orbit inclination of more than or equal to 37 degrees 
and less than or equal to 44 degrees and in the range of 
eccentricity of more than or equal to 0.24 and less than or 
equal to 0.35 (hereinafter, referred to as an “HEO satellite”). 

[0006] A method of detecting a position by a navigation 
apparatus utiliZing a non-geostationary general-purpose sat 
ellite is described in Japanese Unexamined Patent Laid 
Open No. 10-48310. According to the detection method of 
10-48310, a terrestrial station concerned transmits an RF 
signal to a user station through a forWard link (satellite 
communication), and conversely, the user station replies to 
the terrestrial station through a return link (satellite com 
munication). Then, based on the round-trip propagation time 
of this communication, the range betWeen the terrestrial 
station and the user terminal (the sum of the distance 
betWeen the terrestrial station and the non-geostationary 
general-purpose satellite and the distance betWeen the geo 
stationary general-purpose satellite and the user terminal) is 
calculated. Further, based on thus-calculated range and a 
knoWn range betWeen the geostationary general-purpose 
satellite and the terrestrial station, the user station performs 
positioning calculation of the range betWeen the satellite and 
the user terminal. Further, this positioning calculation is 
performed based on the solutions by respective Doppler 
effects generated betWeen the terrestrial station concerned 
and the satellite and betWeen the satellite and the user 
station, and based on the above-calculated range. 

[0007] Further, Japanese patent Laid-Open No. 8-331033 
describes positioning utiliZing elliptical orbit communica 
tion satellites. In particular, its paragraph 0081 describes 
calculation of distance betWeen a communication satellite 
and a mobile station by obtaining a difference betWeen a 
radio Wave propagation time of a radio channel making a 
round trip betWeen a satellite communication ?xed station 
and a mobile station through the communication satellite 
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and a radio Wave propagation time of a radio channel 
making a round trip betWeen the satellite communication 
?xed station and the communication satellite, and by mul 
tiplying the obtained difference by the radio Wave propaga 
tion velocity. Further, the paragraph 0084 of the same 
document describes that received ?eld strengths of radio 
channels betWeen a satellite communication ?xed station or 
a ground communication terrestrial station and a mobile 
station are obtained, and a radio channel having the largest 
received ?eld strength among those radio channels is 
selected, and the selected channel is used to connect a 
communication line. 

[0008] In the positioning method described in 11-34996, 
an HEO satellite, Which is quasi-Zenithal, is used for posi 
tioning. HoWever, it does not describe What positioning 
method is favorable. In particular, it does not consider 
making Geometrical Dilution Of Precision (GDOP), Which 
expresses the positioning precision, less than or equal to 10 
(less than or equal to 11 or 9, When an error of 10% for the 
GDOP value 10 is included) at all. 

[0009] Further, the positioning method described in 
10-48310 utiliZes general-purpose non-geostationary satel 
lites. HoWever, communication is performed bilaterally (for 
Ward link and return link) betWeen a terrestrial station 
concerned and a user station through a satellite, and the 
terrestrial station concerned performs positioning calcula 
tion. Accordingly, the terrestrial station must perform trans 
missions and receptions four times, in order to perform 
positioning calculation. Further, in order that the user station 
itself can knoW its position, it must perform transmission 
and reception, further. In other Words, reduction of position 
ing time including times for transmissions and receptions is 
not taken into consideration. 

[0010] Considering the environment of the present com 
munication system that the communication capacity is 2 
MBPS or less While there are millions of users of informa 
tion terminals having a positioning function such as car 
navigation terminals, it is dif?cult that the mentioned posi 
tioning method ensures the real time property of positioning 
in, for example, a car navigation system. Further, this 
conventional technique also does not consider hoW GDOP, 
Which expresses a positioning precision, can be made not 
more than 10, at all. 

[0011] Further, as described above, the positioning method 
of 8-31033 obtains a distance betWeen a satellite commu 
nication ?xed station and a communication satellite based on 
a radio Wave propagation time of a radio channel that makes 
a round trip betWeen the satellite communication ?xed 
station and the communication satellite. Thus, it does not 
consider a delay error of radio Wave propagation generated 
in the ionosphere When a radio channel makes a round trip 
betWeen the satellite communication ?xed station and the 
communication satellite, and an error of radio Wave propa 
gation time generated betWeen a clock provided in the 
satellite communication ?xed station and a clock provided in 
the communication satellite. In other Words, it does not 
consider high precision positioning that suppresses effects of 
a radio channel making a round trip betWeen the satellite 
communication ?xed station and the communication satel 
lite on radio Wave propagation. In particular, it does not 
consider making GDOP not more than 10, at all. 

[0012] Further, as described above, the conventional posi 
tioning methods do not considers making GDOP (Geo?et 
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rical Dilution Of Precision) not more than 10, though it is 
necessary to make GDOP less than or equal to 10 as 
described in “GPS”, p. 135 (published by Japanese Asso 
ciation of Surveyors on Nov. 5, 1989). In other Words, the 
conventional methods do not consider What operating con 
ditions can make GDOP less than or equal to 10 When a 
quasi-Zenithal satellite (in particular, an HEO satellite) is 
used for positioning. 

[0013] Further, When there are a plurality of terrestrial 
station side systems, a terrestrial station through Which 
connection With a telecommunication business is established 
is not selected in consideration of reduction of communica 
tion time and communication cost betWeen the telecommu 
nication business and the terrestrial station side system. 

SUMMARY OF THE INVENTION 

[0014] An object of the present invention is to provide an 
information terminal and positioning system having a posi 
tioning function that ensures a high positioning precision in 
a short time. 

[0015] Another object of the present invention is to make 
GDOP, Which is an index of positioning precision, less than 
or equal to 10, in particular, in positioning utiliZing quasi 
Zenithal satellites (particularly, HEO satellites). 

[0016] Further, another object of the present invention is 
to reduce a communication time and communication cost in 
providing Internet connection service through satellites. 

[0017] The present invention provides a positioning sys 
tem provided With: 

[0018] (1) a terrestrial station side system compris 
ing: a terrestrial station side satellite communication 
antenna for transmitting a signal to a satellite; and a 
terrestrial station side communication apparatus for 
transmitting a signal to the terrestrial station side 
satellite communication antenna; 

[0019] (2) the satellite having a satellite side satellite 
communication antenna for transmission and recep 
tion to and from the ground; and 

[0020] (3) a mobile station side system comprising: a 
mobile station side satellite communication antenna 
for receiving the signal from the satellite; and an 
information terminal for measuring a position Where 
the mobile station side system exists, based on the 
signal received through the mobile station side sat 
ellite communication antenna. 

[0021] Further, the present invention provides: a position 
ing method used for the positioning system of the present 
invention; an information terminal (including a portable 
terminal) that can perform positioning using the mentioned 
method; a computer readable storage medium that stores a 
computer program for realiZing the mentioned positioning 
method, and a computer program product having computer 
readable program code means for realiZing the mentioned 
positioning method. 

[0022] The positioning method of the present invention 
comprises steps of: 

[0023] extracting a distance betWeen a position 
Where a terrestrial station side system exists and a 
satellite, from a signal transmitted from the satellite; 
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[0024] extracting a transmission time from the signal 
transmitted from the satellite; 

[0025] obtaining a sum of the distance (a) betWeen 
the terrestrial station side system and the satellite and 
a distance (b) betWeen the satellite and a mobile 
station side system; 

[0026] obtaining the distance (b) betWeen the mobile 
station side system and the satellite by subtracting 
the distance (a) betWeen the terrestrial station side 
system and the satellite from the sum (a+b); and 

[0027] obtaining a position Where the mobile station 
side system exists, based on the obtained distance (b) 
betWeen the terrestrial station side system and the 
satellite. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] These and other features, objects and advantages of 
the present invention Will become more apparent from the 
folloWing description When taken in conjunction With the 
accompanying draWings Wherein: 

[0029] FIG. 1 is a diagram shoWing a con?guration of a 
positioning system according to one embodiment of the 
present invention; 

[0030] FIG. 2 is a block diagram shoWing a terrestrial 
station side system; 

[0031] FIG. 3 is a block diagram shoWing an HEO satel 
lite: 

[0032] FIG. 4 is a block diagram shoWing a mobile station 
side system: 

[0033] FIG. 5 is a ?oWchart shoWing processing included 
in the terrestrial station side system, 

[0034] 
[0035] FIG. 7 is a block diagram shoWing a GPS infor 
mation generating part; 

[0036] FIG. 8 is a ?oWchart shoWing processing per 
formed by a mobile station; 

[0037] FIG. 9 shoWs measured data of GDOP; 

[0038] 
[0039] FIG. 11 is a diagram shoWing an entire system 
con?guration according to another embodiment; 

[0040] FIG. 12 is a diagram shoWing a con?guration of 
the terrestrial station side system of FIG. 11; 

[0041] FIG. 13 is a diagram shoWing a con?guration of 
the reference station side system of FIG. 11; 

FIG. 6 shoWs contents of a navigation message; 

FIG. 10 shoWs position data of an HEO satellite; 

[0042] FIG. 14 is a diagram shoWing a con?guration of 
the mobile station side system of FIG. 11; 

[0043] FIG. 15 is a block diagram shoWing the GPS 
information generating part of FIG. 12; 

[0044] FIG. 16 shoWs contents of DGPS information used 
in the system of FIG. 11; 

[0045] FIG. 17 is a diagram shoWing an entire system 
con?guration according to another embodiment; and 



US 2002/0041251 A1 

[0046] FIG. 18 is a ?owchart showing processing per 
formed by the mobile station side system of FIG. 17. 

[0047] In each drawing, the reference numeral 101 refers 
to an HEO satellite; 102 to a terrestrial station side system, 
103 to a mobile station side system, 105 to a terrestrial 
station side information terminal, 121 to a GPS information 
generating part, 122 to a clock information generating part, 
123 to a satellite position deciding part, 124 to a terrestrial 
station control part, 125 to a data selection and transmission 
part, 126 to a terrestrial station position storing part, 127 to 
a data separation part, 129 to a terrestrial station side satellite 
communication antenna, 136 to a mobile station side satel 
lite communication antenna, 131 to a terminal control part, 
132 to a position calculation part, 133 to a data separation 
part, 134 to a map data storing part, 135 to a clock infor 
mation generating part, 137 to a terrestrial station side 
position information storing part, 151 to a transmission 
timing calculation part, and 152 to a decode information 
storing part. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0048] As one mode of the present invention, can be 
considered a following mode. 

[0049] Namely, a position of a terrestrial station side 
system and a position of a satellite are extracted from a 
signal transmitted from the satellite, and a distance between 
the terrestrial station side system and the satellite is obtained 
from a difference between those positions. Here, when the 
signal transmitted from the satellite includes the distance 
between the terrestrial station side system and the satellite, 
the distance is obtained directly. NeXt, a sum of the distance 
between the terrestrial station side system and the satellite 
and a distance between the satellite and a mobile station side 
system is obtained based on a difference between a reception 
time when a mobile station side communication antenna 
receives the signal and a transmission time of that signal. 
Then, the distance between the mobile station side system 
and the satellite is obtained by subtracting the distance 
between the terrestrial station side system and the satellite 
from the above-mentioned sum, and a position where the 
mobile station side system exists is obtained based on the 
distance between the mobile station side system and the 
satellite. 

[0050] According to this mode, the distance between the 
terrestrial station side system and the satellite (or, the 
positions of the terrestrial station side system and the 
satellite, which can specify the distance between them) is 
transmitted in advance from the terrestrial station side 
system, and the information terminal receives that distance 
(or, those positions) through the satellite. Thus, positioning 
processing can be performed in the information terminal 
only, and it is possible to provide the information terminal 
having a real-time and highly precise positioning function. 

[0051] Further, another mode of the present invention 
provides a positioning system comprising: 

[0052] a terrestrial station side system that in turn 
comprises: a terrestrial station side satellite commu 
nication antenna for transmitting signals to satellites; 
and a communication apparatus for transmitting the 
signal to the terrestrial station side satellite commu 
nication antenna; 
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[0053] the satellites each having a satellite side sat 
ellite communication antenna for transmission and 
reception to and from the ground; and 

[0054] a mobile station side system that comprises: a 
mobile station side satellite communication antenna 
for receiving the signals from the satellites, and an 
information terminal for measuring a position where 
the mobile station side system eXists, based on the 
signals received through the mobile station side 
satellite communication antenna; wherein: 

[0055] the above-mentioned satellites include three 
or more quasi-Zenithal satellites; and 

[0056] the information terminal measures the posi 
tion where the mobile station side system eXists, 
based on signals received from those three or more 
quasi-Zenithal satellite. 

[0057] According to this mode, it is possible to make 
GDOP less than or equal to 11, and to ensure suf?cient 
precision for positioning. Here, when ?ve or more quasi 
Zenithal satellites are provided, the value of GDOP can be 
less than or equal to 10 even if its error is estimated as 10%, 
and sufficient precision for positioning can be ensured. 

[0058] Further, when a constituent apparatus of a posi 
tioning system (such as an information terminal of a mobile 
station side system) selects a terrestrial station side system, 
considering communication environment (in particular, 
communication capacity) of a communication line between 
a telecommunication business, which connects a communi 
cation line for Internet or the like, and a terrestrial station 
side system, to connect a line with a communication appa 
ratus of the telecommunication business, it is possible to 
provide comfortable communication environment such as 
reduced communication time to a user of the information 
terminal. 

[0059] According to the present invention, it is possible to 
provide an information terminal and positioning system 
having a positioning function that ensures high precision in 
short time. 

[0060] Further, according to the present invention, it is 
possible to provide an information terminal and positioning 
system having a positioning function in which GDOP as an 
indeX of positioning precision is less than or equal to 10. 

THE PREFERRED EMBODIMENTS 

[0061] FIG. 1 shows a positioning system according to 
one embodiment of the present invention. 

[0062] The positioning system of the present embodiment 
comprises: ?ve of the above-mentioned HEO satellites 101 
(one is omitted in FIG. 1); a terrestrial station side system 
102 including terrestrial station side satellite communication 
antennas 129 and a terrestrial station side communication 
apparatus 104; and a mobile station side system 103 includ 
ing a mobile station side satellite communication antenna 
136 and an information terminal 105. 

[0063] In the terrestrial station side system 102, in order to 
transmit a radio wave (signal) to each HEO satellite 101, the 
terrestrial station side communication apparatus 104 con 
trols the terrestrial station side satellite communication 
antennas 129, and performs generation of a navigation 


















