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Field of the Invention The present invention relates to a GPS positioning
system ‘iwzlai'!lla,';i itioning systen)lin which a positional coordinate can
be found Iighks radio wave froma satellite, and a data server for
- GPS positioni a@nset Satellite positioning). Prior Art Kinematic positioning
in a GPSis a survey nethod where a pair . of _antenna and a receiver are
arranged in a fixed manner at aS]%E@fE%éT})@Mt whose positional

coordin ' mm] and anot her pair of novable antenna and receiver
perfornmmmm in a short tinme while sequentially noving anong a
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t he kinematic positioning. The RTK is a positioning nethod where a
position being a nmeasurenment result can be obtained in a real-tine. In the

RTK, as shown Mwi ty of fixed stations A B, C that
consi st of ant 1 L i 108 ranged in reference points whose
coordi nates are,known and a bi |l e, stati on hat..consi st s, of .an t enna
and a receiver %Pwtﬁﬁggﬁﬁgﬂﬂﬁlaﬁﬁﬁ P& ﬁgﬁ R&s1ﬂ:1[on§ré%l§gﬁttepél($9§elﬁ RTK
si mul t aneousl.y recei ves radi o waye froma phuralijty of satellites 11 with
the fi xe@%f%%/?l&gs stgeénf dna%mfheangﬂf]ltgms%rlaf?og %?teaﬁgpykgskounds by

receiving radio wave from a satellite, and a data server for GPS positioning

(Satellite positioning).

Prior Art

Kinematic positioning in a GPS is a survey method where a pair of
antenna and a receiver are arranged in a fixed manner at a reference point
whose positional coordinate is known and another pair of movable antenna
and receiver perform measurement in a short time while sequentially
moving among a large number of survey points.

There exists a real-time kinematic positioning (hereinafter, referred
to as an RTK) as a developed type of the kinematic positioning. The RTK is
a positioning method where a position being a measurement result can be
obtained in a real-time.

- In the RTK, as shown in FIGs. 1 and 2, a plurality of fixed stations A,
B, C that consist of antennas and receivers are arranged in reference points
whose coordinates are known and a mobile station 5 that consists of an
antenna and a receiver performs measurement while moving it sequentially.

The RTK simultaneously receives radio wave from a plurality of
satellites 11 with the fixed stations A, B, C and the mobile station 5, analyzes
positioning data in the mobile station 5 referring to positioning data

obtained in the fixed stations A, B, C, and thus can immediately find a



Jpositioni ng data in the nobile station 5 referring to positioning data
obtained in the fixed stations A, B, C, and thus can immediately find a 2
‘relative coordi nate fromthe known poi Ats of the fixed stations A, B, Cto
the nmeasurenment point of the nobile station 5. Further, to maintain

measur enent accuracy, a range where the nobile station 5 can refer to the
predeterm ned fixed, statjons A .B C (herejnafier eferred_t s .a fixed
station FeR&venRor jirem félerlaw@nvﬁnt%of Hiefised statigrns PokmiaHound ¢ he
fixed stations A, B, C. . Thi,s is bhecause influence to the accuracy at the
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stations A, nd the nobile station 5 ié too renote. For .exanple, the,
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5 can rehgth tPadd @urdtiX€d reaches the earth, changes considerably so that the
influence to the accuracy at the point of analysis becomes measurable.

On the other hand, the positioning data needs to be transmitted from
the fixed stations A, B, C to the mobile station 5 in order to enable the mobile
station 5 to refer to the positioning data in the fixed stations A, B, C, and for
this transmission, means for transmitting data from the fixed stations by a
particular frequency radio is used. The fixed stations A, B, C have been
provided with transmission means (a transmitter 21 having the frequency of
400MHz and the output of about 10mW, for example), and thus it has been
constantly transmitting the positioning data. The mobile station 5 has been
equipped with a receiver 22 for radio capable of receiving the radio wave
from the transmitter 21, and thus it has been able to refer to the transmitted
positioning data.

Note that the range where the mobile station 5 can refer to the fixed
stations A, B, C in the RTK is 10km in radius technically as described above,

but a range where radio wave reaches, which is an effective output range of

the transmitter 21, is generally about 1km around the fixed stations A, B, C



stations A, B, Cin the RTKis 10kmin radius technically as described
above, but a range where radi o wave reaches, which is an effective out put
‘range of the transmitter 21, is generdlly about 1km around the fixed
stations A, B, C 3 due to regulations by law. Therefore, in the case where
- measurenent of a point which is Amor nore apart fromthe fixed stations
A, B, Cis necessary, a radio relay station (not shown) is newy installed
so t hat td\’@ﬁ?d‘@gviﬁmfﬁgbﬁ%ﬂ‘&- fromthe fixed stations A B, C has been
receivable. Generally, the radio frequencies used_ in transnitting the
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However, in the case where the fixed stations A, B, C to be referred to

are different, receiving frequency of the mobile station 5 needs to be adjusted
to the predetermined transmission frequencies of the fixed stations A, B, C.

Normally, the fixed stations A, B, C suitable for the measurement
point are previously selected referring to a measurement operation plan and
the frequency is adjusted before the measurement operation, but the
different fixed stations A, B, C must be referred to depending on the point
measured in this case. Then, a person who performs measurement needs to
appropriately set the receiving condition of the receiving frequencies of the
fixed stations A, B, C to which reference can be done, taking in consideration
the current position of the measurement point, the positions of the fixed
stations A, B, C, and additionally, receiving status of the positioning data, or
the like. For this reason, the current position must be always taken in
consideration.

In the case of radio, on the other hand, communication has been

limited to one direction from the fixed stations A, B, C to the mobile station.



the Iike. For this reason, the current position nust be always taken in
consideration. In the case of radio, on the other hand, conmunication has
“been limted to one direction fromthd fixed stations A, B, Cto the
mobi | e station. 4 Furthernore, since the neasurenent result is stored in
“thée nmobile station 5, the neasurenent operation is limted by the storage
capacity of the npbile station 5. In the case ere the nepasurenent result
i s processed i nferthermere, sincadhe; peasyrement sl hds stored an %h”%énn‘ﬁéliﬁjed to
be brought out froamthe nobile station 5 {o.perform processing after the
measur eneftiatiope? athe measygemens gpoRasioryis fppi ea\@\lfg]@]\?t‘ﬁ?egeofﬁl&ﬁltyop t he
present invent g)cin Is . to _provide a GPS positioning system (Satellite
positionia?j’ %ér?fa"flﬂn\ﬁhi ch neasurenent can be perfornmed sinply and

easily w thout ]égé;n t he curélfnt qposition i n 1ﬁonsi deraéd)oli},r) and a data
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enbodi nent_of ; the present invention. FIG 4 is a conceptual view show ng an
RTK of th%n%?‘desent invention. FIG 5 shows a process flowhart in the data

server of the PEAReNiARY WFHHETNVENTION

The object of the present invention is to provide a GPS positioning
system (Satellite positioning system) in which measurement can be
performed simply and easily without taking the current position in
consideration, and a data server for GPS positioning (Satellite positioning).

The solving means of the present invention is described in each of the
foregoing claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an example of a conventional mobile station.

FIG. 2 is a conceptual view showing a conventional RTK.

FIG. 3 is an entire view showing the outline of a system according to
an embodiment of the present invention.

FIG. 4 is a conceptual view showing an RTK of the present invention.

FIG. 5 shows a process flowchart in the data server of the present
invention.

FIG. 6 shows an example in which a desired fixed station is selected
by a distance.

FIG. 7 shows an example in which a desired fixed station is selected

by an area.



"FIG 6 shows an exanple in which a desired fixed station is selected by a
di stance. FIG 7 shows an exanple in which a desired fixed station is
“selected by an area. 5 DESCRI PTI ON OF 5EMBODI MENTS The preferred

enbodi ments of the present invention will be described based on the
-drami ngs as follows. FIG 3 is the entire configuration view show ng an
enbodi nent of the satel |ite positioning systemaccording to the present

i nvention. The BESGR QN QY BMBQBIMELNIY j t e positi on| ng syster’r) has:
at | east one rmblle statlon 5;.,a plurality of fjxed stat , B; and an
arithmetic procbbgpwgferred embodim gng%qaﬁ%e Y espretraieation wi Pﬁé’@ﬁ%‘abﬂﬁlt h the
nobile station 5 and the flxe'g[j tations A, B via conmunication neans 4, 8.
The data RBasesdeon the grawmmes,ag Qlf‘tﬂ‘ﬁ ‘ng (Satellite positioning) consists of

a central proc ng.unit 31, a oraeunjt 3 a comu |ct|on i nterface
unit and the |.§§G grﬁ%ﬂé%ﬁﬁ{}ﬁ%%‘? S PRt EhOTIE FRE megtof the
comruni catlo I nt e{face 9 that bas cal ly. receives.the ﬁHlSItlonl ng data
from eac hSEHF te Ifﬂs& 19nIng, Systemhaccor %Eﬁ%eﬁ inyenfin.4 second
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The data server 3 for GPS positioning (Satellite positioning) consists
of a central processing unit 31, a storage unit 32, a communication interface
unit and the like.

The communication interface unit includes: a first communication
interface 9 that basically receives the positioning data from each of a
plurality of the fixed stations A, B; and a second communication interface 9
that transmits/receives data to/from at least one mobile station 5.

The first communication interface 9 is used to receive the positioning
data sent from the fixed stations A, B via the communication means 4.

Herein, the positioning data is a generic name of data of a format
defined in satellite survey, which is data that could be dealt with such as
receive data or positional information after analysis. The positioning data
includes binary data, text data or the like.

The fixed stations A, B are regularly arranged in a fixed manner at
points whose positional coordinates are known, and receive radio wave from
the satellites 11 constantly or periodically to obtain positioning data
regarding the installation positions.

The fixed stations A, B are provided with the communication means 4



The fixed stations A, B are regularly arranged in a fixed manner at points
whose positional caoordinates are known, and receive radio wave from the

* satellites 11 constantly or periodical6y to obtain positioning data
regarding the installation positions. The fixed stations A B are provided
wi th the comunication nmeans 4 6 capabl e of Transnitti ng the positioning
data neasured, and the positioning, K data_is transmtted_constantly or

peri odi caamfbleALfcwaSﬁgftypg ithetnesitiening datenmensurednand thg pesitioning
communi cation interface 9, the fixed statjion B is arranged at a known

posi t i ondpta ais i tramsmibied, constartlE @Eaperipdically: 5pafreordinglynmimi & i ng
the positioning data in high-speed.. Therefore, the comunicatjon neans 4
in the frommemieationcmeads 4 incthefixsh commpprgationpinterfacy Rafhe dixed
connection |ine such as WAN and an exclusive line. Further, in the
conmuni c&tatien Begrgrangeh ek aiknayenepsition in 2 fixed medaeBAnd tia Meess ot
called a, CMR v@e&g the receive data f,rom.thf;-q satellites 11 d tgﬁ' known
coor di nat®SaRalie of eemagnIcAtn agsiioning datg 1ppghsspeedy, dderpiokegat a of
the mobile station.5 i.n the RTK, 6 The.,second communi.cat.ion.interface. 9 is
used Lo PhermEmicalicn Tpansols ke dBRF  GHREHENABPR cindeRAcE RO SIS An
external interface 33 is connecte .tolthe | nt er net thedlike. Expl ai ni ng
2t ecer vPROCFERIG: PBAAINAE-OBPhBOGioR TF SuPRct GelANCARd SR 8clustif  he
satel |i tﬁa 11 to obtain the positioning data, for exanple. The

comuni cd®n neans provided for the nobile station 5 transmts the

posi tioning da the nmobile station 5 al receive%!]p I tional

i nformation daﬁﬁgurgbﬁlg[g evmﬁoﬁllguﬁ?ﬁ) ¢ iR b%gegggq‘l f%egﬁ% Yoni ng
transmitted on a data format called a CMR where the receive data from the
satellites 11 and the known coordinates are combined. The CRM data is
also called a correction data of the mobile station 5 in the RTK.

The second communication interface 9 is used to transmit/receive
various data to/from the mobile station 5.

An external interface 33 is connected to the Internet or the like.

Explaining a receiving function, the molzile station 5 receives radio
wave from .the satellites 11 to obtain the positioning data, for example. The
communication means provided for the mobile station 5 transmits the
positioning data. Further, the mobile station 5 also can receive positional
information data calculated with a simple method based on the positioning
data.

Explaining a transmission function, the mobile station 5 transmits
the correction data used for analysis based on the positioning data from the
appropriate fixed station A, B, C.

Furthermore, regarding the communication means 8 in the second
communication interface 9, means capable of wireless communication (two-

way communication means) such as a cellular phone, a PHS (Personal



data. Explaining a transm ssion function, the nobile station 5 transmts
the correction data used for analysis based on the positioning data from

"the appropriate fixed station A, B, C/ Furthernore, regarding the

comruni cati on neans 8 in the second comunication interface 9, neans

- capabl e of wireless conmunication (twd- way conmuni cation neans) such as a
cel l ul ar _phone, a PHS (Personal, 7 Handyphone tem and a wireless LANis
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the positioning data of the fixed station A or B selected or correction

information based on the positioning data to the mobile stations 5.

The storage means 32 is capable of storing flexibly various data
received from the mobile station 5 and various information such as
information regarding the person who performs measurement, a user or the
like, other than data necessary for the processing of the central processing
unit 31.

The storage means 32 also stores a survey operation range,
environmental information of the mobile station 5 or the like, other than the
p;)sitional information of the fixed stations A, B, C, the positioning data to be
received, and the positioning data or the positional information from the
mobile station 5, and they can be utilized later.

The fixed stations A, B, C has: a receiving antenna 41; a receiver 42;
a data line apparatus 43 that transmits the positioning data to the data
server 3.

The mobile station 5 has: a receiving antenna 6; a receiver 7; and
communication means 44 (an interface to which communication means can

be connected) capable of two-way communication with the data server 3.




received, and the positioning data or the positional information fromthe
nobile station 5, and they can be utilized later. The fixed stations A B,
~C has: .a receiving antenna 41; a recei®&er 42; a data |ine apparatus 43
that transnits the positioning data to the data server 3. The nobile
-station 5 has: a receiving antenna 6; a receiver 7; and conmunication
means 44 (an interface to which_ .communication nmeans can be connect ed)
capabl e of two-lhdy prefenablecthatdhess enuintaents have poetability spchithapagx er apl e
that these equi pments have portability such that, an, operator, can carry

t hem and epezaternem earsy theat and ageicanap eqryting ingdependeRtlgising & pover
source. Although a chem cal secon%iry battery is generadaléé gsed as.the
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and the antenna 6 can be installed on its upper end.
The lower end of the rod member 10 is placed on the measurement
point to maintain a perpendicular state by the bubble tube or the like, and
thus the antenna 6 can be arranged accurately above the measurement
point.
A figure shows the process flow in the data server 3.
An example of a preferred specific survey operation will be
exemplified.
The fixed stations A, B are equipped with the receiving antenna 1,
the receiver 2, and the data line apparatus 4 that transmits the positioning
data to the data server 3. |
The mobile station 5 is equipped with the receiving antenna 6, the
receiver 7, and the communication means 8 capable of two-way
communication with the data server 3, or the interface 9 capable of
connecting the communication means 8. Note that these equipments have
portability such that the operator can carry them and are capable of
operating independently using the battery as the power source.

Further, the antenna 6 of the mobile station 5 has the bubble tube



"the receiver 2, and the data |line apparatus 4 that transmts the

posi tioning data to the data server 3. The nobile station 5 is equipped
“wiith the receiving antenna 6, the rec@i ver 7, and the conmuni cati on means
8 capabl e of two-way communication with the data server 3, or the
“interface 9 capabl e of connecting the comunication nmeans 8. Note that
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connunica% SiRE. setting, confirmation of conmmunication condltlon or the like
bet ween the server 3 and the second conmmuni cation interface 9.

A specific survey operation will be described based on a preferred
example.

(1) Initializing and setting the mobile station 5.

With the operation procedure of a general kinematic survey, the
mobile station 5 is arranged at the reference point to perform initializing
operation.

At this point, the communication means 8 equipped performs
communication setting, confirmation of communication condition, or the like
between the server 3 and the second communication interface 9.

(2) Single positioning is performed receiving shortwave from the
satellites 11 while the mobile station 5 is moved based on the measurement
plan. Generally, the positional coordinate information obtained by the
single positioning basically has an error of 20m to 100m.

The mobile station 5 transmits the positioning data obtained by the
single positioning to the data server 3 via the communication means 8.

At this point, the positioning data sent from the mobile station 5 is
transmitted on a format called an NMEA standardized in the GPS.

(3) The data server 3 receives the positioning data transmitted from

the mobile station 5 via the second communication interface 9.



(2) Single positioning is perforned receiving shortwave fromthe
satellites 11 while the nobile station 5 is noved based on the neasurenent
" plan. Generally, the positional coordilate information obtained by the
single positioning basically has an error of 20mto 100m The nobile
station 5 transmts the positioning data obtained by the single
positioning to the data server 3 via the conmunication_ neansg 8, eﬁ; this
poi nt, the posileofably WEVEr shreceives, %"%Bi&%tast‘gﬁl‘gh 18 qhtaineds by t t ed
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transmtted from
reference data, which has been received from the selected fixed station A or B

via the first communication interface 9, to the mobile station 5 as the
correction information at the point of positional analysis via the second
communication interface 9.

(4) The mobile station 5 receives the reference data from the
appropriate fixed station A, B, which has been transmitted from the data
serer 3, corrects the error by performing analysis together with the
positioning data obtained by the single positioning, and obtains accurate
positional information.

With this correction, positioning accuracy of approximately 10mm
can be obtained. The result obtained is stored in storage means (not shown)
equipped with the mobile station 5, and processing such as creation of a map
is performed in another place after the operation ends. Furthermore,
communication means (not shown) of the mobile station 5 may transmit it to
the data server 3 (or another positioning result to a place where processing
can be done).

Next, a method will be described where the data server 3 selects the




" serer. 3, corrects the error by performing analysis together with the
positioning data obtained by the single positioning, and obtains accurate
" positional information. Wth this corrHction, positioning accuracy of
approximately 10mm can be obtained. The result obtained is stored in

- storage nmeans (not shown) equipped with the nobile station 5, and
processi ng such as creation of a ma Is perforned in another place after
t he oper anosrsudtalde fined stationrd or B imgbilestaians. (not shown) of the
mobile station 5 may transmt it _to the data server 3 (or another

posi tioni ng redlirstly, selecsionchy atdistanseoridbbe dgscribed peferning)to Rx: 6. a

met hod will be described where the data server, 3 selects the 11 nopst

sui tabl e fixed Theadiganse hetweey, the,anpbile | tationt posnd . equby of the Swedction
by a distance wil| ge described referring to FIG 6, The distance between
t he robi Skatdens Aoand B da sexeraléy found framathesrageivad ppsitiona coerdiaade al | y
found fromth ecei yed positional_ coordinate data_of the nobile station 5
and t he M%dé'@i wiobris Stabiondb rﬁakdeghﬁ‘ﬂfﬁf@;oévrapoatmrsﬂliqoyr@ﬁlattﬂ% wherega
stations A RB.are,installed, .and,the fixed station of B having the
short est P&F%"‘ﬁé‘ﬁ’c%ftihse é’éﬁ"ié?%’%‘?nﬁp %%ﬁ%@ﬁaﬁ%g @tﬁﬁfﬁéﬁﬁdi ftgtion &g Bg,

TS RESk Hh2 A SEARL & Al e mobi e otation 5 obtained by
coordnat e o albihAoh Yy Soebhor e VELHIES € arberCilbcaiietive, 2o
Fi xed st %E)(ingd}ngi:e ﬁgté %(ﬁat Zl% n%_gaile station 5 obtained by the single positioning
is set to M1 (X1, Y1, Z1).
The known positional coordinates of a plurality of the fixed stations A,
B, C are set as follows.
Fixed station A: FA (XA, YA, ZA)
Fixed station B: FB (XB, YB, ZB)
Fixed station C: FC (XC, YC, ZC)
At this point, from the assumption that the distance between the

mobile station 5 and the fixed station A is a distance LA, it follows that:

LAV X + X' + Za
A distance LB and a distance LC are severally found regarding the fixed
station B, C in the same manner, and the fixed station A, B or C having the
smallest value, that is, having the shortest distance with the mobile station 5
is selected.

During continuous measurement, the distance between the mobile
station 5 and a plurality of the fixed stations A, B, C is calculated
periodically, the relation with the mobile station 5 is changed if the fixed
station A, B or C having an even shdrter slant distance appears, and then

new data of the fixed station A, B or C is transmitted.



‘At this point, fromthe assunption that the distance between the nobile
station 5 and the fixed station Ais a distance LA, it follows that: XA2 +
"V + Z,2 Adistance LB and a distance L& are severally found regarding the
fixed station B, Cin the same manner, and the fixed station A, B or C
“having the snallest value, that is, having the shortest distance with the
nobil e station s selecte ring contlnu mea urene t,.the distance
bet ween t he no’b‘qué, r@@%&ﬁog‘lﬁ feperiptipn Wi Thbe eladtion Brem, B, C
is calculated periodically, the relation with the nDblle station 5 1is
changed i#®®he fixed station A B or C having an even shorter slant

d h he f d t A B '

g st ance, agveagy i Nonerey Bl AP DG SLELLON A S

e ot Bl G408 FELE
' A d t Eb, E tht

bl g 5 BECHE BRSO S

t he area E t can be referred to for each fixed station are
previ ousl%lﬁg&?blPéB%@%cO&h? circular areas Ea, Eb, Ec having the radius of

Lok Lo e A A IR e M ) Byt B e R
tois seleg%?p(ed% Inaa?gpg_gﬁgﬁgggggﬂ ronment or the like of the point. Wen

t he positiona coor sent fromthe nobile station 5, the data

server 3 Tinds g Qi WuCRirfhfd HasTa, ES, B2 MR (HY Rl i68 Y% 18h %rom

the fixed stations A, B, C are formed, and when the areas Ea, Eb, Ec overlap
with each other, one fixed station A, B or C to be referred to is selected
depending on the environment or the like of the point.

When the positional coordinate data is sent from the mobile station 5,
the data server 3 finds to which area Ea, Eb, Ec the positional coordinate
corresponds. As a result, the fixed station A, B or C to be referred to is
selected according to the area Ea, Eb, Ec to which the mobile station 5
corresponds, and the data server 3 transmits the reference data from the
selected fixed station A, B or C to the mobile station 5 via the second
communication interface 9.

Regarding the foregoing areas Ea, Eb, Ec, the operator can easily
recognize the areas by correlating them with the area where the positioning
operation is performed.

Note that selection of the fixed stations A, B, C may be performed at
every predetermined time or periodically by previously setting the time.
This is because the fixed stations A, B, C to be referred to do not change
frequently on a moving speed of a general measurement operation.

Further, single positioning information in the mobile station can be



‘corresponds. As a result, the fixed station A, Bor Cto be referred to is
sel ected according.to the area Ea, Eb, Ec to which the nobile station 5

" corresponds, and the data server 3 trdBsnmits the reference data fromthe
selected fixed station A, Bor Cto the nobile station 5 via the second
comuni cation interface 9. Regarding the foregoing areas Ea, Eb, Ec, the
operator can easil recogni ze the areas hy correlating themw th the area
where t hén?iad'ﬂdilar&h’yEAdiﬁﬁaa@bémaém@ed%ﬁ)r@@ﬁtMIé tranpamifsed froma thet t he
fixed stations A B, C may be perforned at_ every predeterm ned tine or
peri odi canoBile)ptatieny ievery jenaecong (this ¢annbe chptiged by settingk Rethisxed
stations A, B, Cto be referred to do not change _f equ_en{ly on.a .novi ng
speed of cas‘getkq SeryRra dore ol regest: tramsmpssioRepf tg? ngnele HFHtiHPEg
informatiop in the mobile_station can be 13 included in NVEA data

(obser vath on tothemobilestafigRcnitted fromthe nobile station every

ot request -t BRE ATt SPRFECLIhSRe 1B iaShdiotphRes AU [ene
nmobi | e stﬁati on.  For sel egtion st andgrd 0 he fixed statiop, database such
R " Thi s ERefbaBatioRcovers i atea (msbeiasd oty ety thagsGi aRstate’  ne * ol ant
di stani:e'. (1) Thﬁ rr:)st sui.ia bqlqeffi dtstatio cap be,referye E W _t hout
taking the c_ur(]r)e beﬁﬂ‘ﬁtﬁq} g? tbxecdgﬁtéi ’(fél_r?ﬂr? §ﬁ,re ec} ﬁ‘évﬁ?}%‘?@ aﬁi}egr ate
R b b B Bo g St bbbt Bl ety MReh ",
radi o, 1S _unnecessar el(g, . %\éen in the case of nmeasuring across a plurality

of the r &8I EHEEE ed stat1on areas, neasurenent can be perforned w thout

requiring (2) Adjustment of a radio receiving frequency by the operator, which

has been necessary in transmission by radio, is unnecessary.

(3) Even in the case of measuring across a plurality of the reference
fixed station areas, measurement can be performed without requiring
preparation.

(4) Environmental data (weather data or the like) at the point of

positioning the mobile station can be obtained.




“‘preparation. (4) Environnental data (weather data or the like) at the point
of positioning the. nobile station can be obtained. 14 CLAIMS 1. A GPS

" positiagning system conprising: at |eak4 one nobile station to neasure a
positional coordinate by receiving radio wave froma satellite; a
"plurality of fixed stations that have predeterm ned positional coordinates
and receive radio wave fromthe satellite; and arithmetic processing neans,
which is connected with at |east on&LAEMBI e station and a plurality of the
fixed stations by comunication, that selects an appropriate fixed station
based on positioning data transmtted fromat |east one nobile station,
and transmts reference positioning data of ( the fixed station selected to
the nobile stat}ond GPSpesitigming SyStamdFHBPESINEmM according to Caim 1,

wherein each positional coordinate of a plurality of . the fixed stations is
fixed at a knov#f i?)"l:ﬁtn‘t?r}e Aepile shalden (tgr MERSHEE 13 PRgHiq tcwg-“h%ﬁ?bﬁri ate
fixed station.is aaeh(;eecte based 0 .tt%(_)siti oning data transmtted fromthe

mobi | e stHRCFBANES waxPi W?%ﬁeﬁi cessing means. 3. The GPS positioning

System eccor o g ey 0 b0 e, 8, P HESSh RS SR,
e, S oA A AR o el agg, e S
means o the moBiRERSHE pRrerERE dnertE whidh i1 SaRpRtErid pPaSRs Sne?
* mobile station and a plurality of the fixed stations by communication, that
selects an appropriate fixed station based on positioning data transmitted
from at least one mobile station, and transmits reference positioning data of
the fixed station selected to the mobile station.

2. The GPS positioning system according to Claim 1, wherein each
positional coordinate of a plurality of the fixed stations is fixed at a known
point, and a constitution is formed that the appropriate fixed station is
selected based on positioning data transmitted from the mobile station to the
arithmetic processing means.

3. The GPS positioning system according to any one of Claim 1 and
2, wherein the system has a constitution that the arithmetic processing
means selects the appropriate fixed station out of a plurality of the fixed
stations.

4. The GPS positioning system according to any one of Claims 1 to 3,
wherein reference positioning data transmitted from the arithmetic
processing means to the mobile station is receive data from the satellite in
fixed reference positioning means.

5. The GPS positioning system according to any one of Claims 1 to 4,

wherein the positioning data transmitted from the mobile station to the



"fixed reference positioning neans. 5. The GPS positioning system according

to any one of Clains 1 to 4, wherein the positioning data transmtted from

" the nobile station to the 15 arithnetilé processing neans is the receive

data received fromthe satellite. 6. The GPS positioning system according

to any one of Clains | to 5 wherein the positioning data transmtted from

the nobile station to the arithnetic processing neans i s positional

coor di natuthexesicarnosesrdng ppeannif the mesive dattecsivadhrombhe satallite.on. 7.

The GPS positioni ngpastem according to any ogne of Clains_ 1 to 6, wherein

when the fixedbst?® S qrostieringsySkemM-Aqcording to anbenre of Glpimshso 5; s

changed, signal that infornms of the change of the fixed station is

t r ansni t WBETeINo the Rosiioningdata jrapsautied momntheomahilenstation tatthe on.

8. The %i_tioni ng .system according to any one of Clainms . 1tq 7

wher ei n bici Rrosessingmeansiopesitieonal caorflingte dataabtainad dbygingleay s

data received, 9. _The GPS positioning systemaccording to any one of

d ai ms 1PPYtigning afthe mahile $tatiolse of a plurality of the nobile stations,

t he system has,a 0 tution that the arithnmetic processj means ,sel ects

an appropriate’ rg‘%@;zéﬁsé’oﬂt%‘é‘&nﬁﬂ#?%ﬁ%r 10 g ro%%eﬁbp%ﬁ?q tPBation.

10. The S _positioning.syst according.tq,any.gne aof Clains 1 to 9,

wher e n THEFRE Whed tF GRes Grameh solsitd by Hs T ngbie aiotesng &Sy has

constitufion that the arithpefi rocessing.neans Lransmpits, reference

poSi t i on’lsnﬁﬂﬁggﬁa’f rs(%?%n thﬁgfﬁgﬁ@ﬁeofi%d%gﬁggﬁoﬂ t ee?ﬁ?%rrﬁ%ﬁlgn st¥at i on.

11. The S pasi ti Qning system according to_an ne, of al lto. 10,

wher ei n RBSRERALERRL S AR ERAAROR RS peinBite 5 Thf mabif B {1 oni no,

whose antenna g.ndTh%C@f’éeﬂom rioenigl%\/s%'%lteem according to any one of Claims 1to 7,
wherein the mobile station is provided with display means that displays data
received.

9. The GPS positioning system according to any one of Claims 1 to 8,
wherein in the case of a plurality of the mobile stations, the system has a -
constitution that the arithmetic processing means selects an appropriate
reference fixed positioning means for each mobile station.

10. The GPS positioning system according to any one of Claims 1 to
9, wherein in the case of a plurality of the mobile stations, the system has a
constitution that the arithmetic processing means transmits reference
positioning data from an appropriate fixed station to each mobile station.

11. The GPS positioning system according to any one of Claims 1 to
10, wherein the mobile station is a mobile station for kinematic positioning,
whose antenna and receiver are movable.

12. A data server for GPS positioning, comprising:

a first communication interface, whose positional coordinate is fixed

at a known point, that receives positioning data from a plurality of fixed

stations that receive radio wave from a satellite;




12. A data server for GPS positioning, conprising: a first communi cation

i nterface, whose positional coordinate is fixed at a known point, that
"receives positioning data froma plurdlty of fixed stations that receive
radio wave froma satellite; 16 a second conmunication interface that
"receives positioning data from a nobile station whose positional
coordinate is neasurable by receiving radio wave fromthe satellite; and
arithmetic pro@&€§PRg capgREnicaiionsiptariage éha‘hfﬁﬁeb‘fﬂﬁ rasitippingidatafrosh  out
of a plurali of the fixed statiqns based on the posjtioning data received
Via the ecmahile Fhatien aeiose pestdRAl FHPR GGG of mpegsuspldeyeracebringgadi®or di ng
to daim1l2, \éhe ein the arithnmetic processing neans transmts reference

posi ti oni¥iye & Pa%?ﬁteii?wge fixed station selected by the arithnetic

rocessi ng neans.,,to.the nobile stati viag the second iinterface. 14. The
data sorver foPTEBBCHEPIICERTIAG Meens Hhakselgetsan sRETGRTIAtS XeH SUtigfy 13

wh in th d j.pt i di i cati > bl

tvor vy CBTeh A arRRY S HEE fixed slftiod PRSP P, Hertoui SRIE AR R ToReCER i ng ¢ o0
any one of Clains 02 .tg. 14, wherein the nobile station is a nobile station
for kinerst e S?ﬁ?ﬁdt]in(;ﬁ%ﬁﬁ?‘ whose antenna and receiver are novabl e.

13. The data server for GPS positioning according to Claim 12,
wherein the arithmetic processing means transmits reference positioning
data sent from the fixed station selected by the arithmetic processing means
to the mobile station via the second interface.

14. The data server for GPS positioning according to any one of
Claim 12 and 13, wherein the second interface is radio communication
means capable of two-way communication.

15. The data server for GPS positioning according to any one of
Claims 12 to 14, wherein the mobile station is a mobile station for kinematic

positioning, whose antenna and receiver are movable.



