1 SPECI FI CATI ON SATELLI TE POSI TI ONI NG SYSTEM Technical Field of the
“Invention 4 OCTOBER 2005 The present invention relates to a GPS positioning
system (Satel lite positioning system;in which a positional @OCUOBER2005N
.be found by receiving radio wave froma satellite, and a data server for
GPS positioning (Satellite positioning). Prior Art Kinematic positioning in
a GPS is a survey nethod where a pair of antenna and a receiver are
arranged in a fixed manner at aspgmq@g@fmm whose positional coordinate
i s known and anot her pair of novable antenna and receiver perform
measurenent in a short tinme while sequentially noving anong a | arge nunber
of survey points. There exists a real-tinme kinematic positioning

(hereinafter, referred SNI‘E"LSLﬁ@ E@Iﬁ@@%wg%gpgq{{type of the kinematic
positioning. The RTK is™ a posritionl ng nmetho ere a position being a

neasurenent result can be obtained in a real-tine. In the RTK, as shown in
FIGs. 1 and 2, a plurality of fixed stations A, B, C that consist of

ant ennas and r‘iﬁ@k&%ﬁ?PFﬁﬂﬂ oﬁﬁ@gg@%gi&reference poi nts whose coordi nates

are known and i onsists of an antenna and a receiver
¢ . . : . . . . |

pertorms ”easuﬁ‘ﬁ%]g%f hﬁze’é‘%i’dn” 1h£e§§ﬂéﬂ@lb$ ?JokbhonTH% sﬁﬁrﬁ't(ggh%msous y

recei ves radi o wa rom a urality o sateflites 1 I xed

St ati ons pficRnifz A0Gutblin TR DirhfIS !l ANSnal2R8biRRSte RAS HeORig dpya 11 the

nobi | e sPatl on 5"retferring to positioning data obtained in t i xed
stati ons pfveifBngradf it fronfd JaTBBREL2ARH Y d4t30sé@vér 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 positioniﬂg (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



4 OCTOBER 2005 rel ative coordinate fromthe known points of the fixed
"stations A B, Cto the neasurenent point of the nobile station 5. Further,
to mai ntai n measurenent accuracy, a rgnge where the nobile siYCTOBER 2005
.refer to the predeterm ned fixed stations A, B, C (hereinafter, referred to
as a fixed station reference range) is a range with a radius of about 10km
around the fixed stations A, B, C This is because influence to the

acceur acy st DBl latefro BB RhOWASEARES o RS HKER sPatiénd OB, €  Biice

bet ween t I Xed stations A B, e station 5 1s too renote.

For exang%%mte%e HtioiP'ﬂthméﬁlf‘e Lopsphere and the atnosphere, in which

radi o wave fromthe satellites 11 sinultaneously received by the both pass

antil Tt reachigehBe BankinGIANGRASEATILARTARLYAGR 4 BindGhd fyence 10

the accuracy at the 'point anal ysi's becones nea e ot her hand,

Lhe Pos! ol afBhasnesdiorditr BY tHENTHESthibb b sthtitRd Al @S A B

Cto the nobile station In order t e ile statidn 5 to refer

to the p@l%}ém?éep,grqumdiﬂa Aéﬁsﬁieae&aﬁfo%t} e I%Dgg) isaa(}ahge withi =

transm ssion, neans for transmtting data tromthe T xed stations by a

parti Cu'cfaarvﬂhéi%ﬂ%‘ﬁﬁé. 1@dh%atcudB elle KM biatfthsSAIE 00S Ahidis ellaYse been

provi de transmission means (a transmtter 21 ’having the frequency of

400MHz  apgh f.Rge QH&HHFac@ﬁr%ngﬁ tHOBYYntf a7 agf’ii%ﬁﬁl corfi0meAsiSratle ieghdeen

constantly transmtting t positioning data. The nobile station 5 has been
equi ppedy;itdrited dtetnV e ﬁ%g&ﬁ’}caﬁ%ﬂb A CBPEPhfd thel B6611¥! S19tibAS :is?‘@éd) wave

fromthe transmtter 21, a us It has been able to refer to the

transm t{eghtePOFol il edeh& cohBitford BAthd MehdspRese WARN the BEnoBIId R, Station
5 can refer to the fixed stations A, B, Cin the RTKis 10kmi'n radi us

techni cahl whagh d88fy Waed fi‘@ﬁlVﬂ]ge stﬁla@lli@esf NS Fe A PelEiVEd HARES, Wwhich

is an effective output range o he transmtter 21, i's general 'y about 1km

around tHRhf buesl HiEE iPeabhed 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



3 4 OCTOBER 2005 due to regulations by law. Therefore, in the case where
‘nmeasurenent of a point which is 1lkmor nore apart fromthe fixed stations
A, B, Cis necessary, a radio relay station (not shown) is nembgTOBERI2005d
-so that the positioning data fromthe Tixed stations A B, C has been
receivable. Cenerally, the radio frequencies used in transmtting the
positioning data have been set so as to be different anong the fixed
stations e t@,re%ulat}'gﬂssb)i&ﬁecause when the transm ssion frequencies are the
same, it is difficult t'o distinguish (identify) the fixed stations A, B, C

in the case whahRrefohs iNBRRWRERIhefROnBAshenhtPofPBoRANWIRRES 1%im bhe fixed
station reference range or its vicinity, which becones a cause of error

measur emgfidre 41OWEVREm the HhQ1 sBfon¥erB, the ddcyeshist atraa@itSrday Btatfoh 0 be
referred to are different, receiving frequency of "'the nobile station 5

needs to Qe sHbwa) ¢4 nekRKlgiB%tzﬂ'l@cﬁ%eﬁh@t ned dédﬁ%ﬁh}?idﬁﬂa fer s ugrRCtigsqof the
fixed stations A B, C rmal ly, the fixed stations A, B, C suitable for

the measyroERd A BOOhafhePk )i PMsley sel ected referring to a neasurenent
operation plan and the frequency is adjusted before the neasurenent

operation, but Gelih%raﬂ%',fthﬁrr%@fio Flegrdneled @A nAraBs Gt titis thd BodiefoRlingd to

dependi ng on the poin neasured in this case. Then, a person who perforns

measur engata MRRASbddh séPB6 AR tabe! diffefint! Qﬁxoh% #He/ FiRed Geaebhs a0 Bf ¢t he
receiving frequencies of the fixed stations A, B, Cto which reference can

be done, THakiiRIbéshuE@NKHER! Bhk Off ankhfsdibh ! fBGupREiket | & the thignEEMS Y ement
point, the positions of the fixed stations A B, C and additionally,

recei vi ndifficaltfo @fstinp@islosideheifyNthdfked stitiodN., B, kein bigé cddy whepason, the
current position nmust be always taken in consideration. In the case of
radi o, ofhé heefdiemdiRbint 9§OHM batth@8rhased6Lthe fixed station reference
range or its vicinity, which becomes a cause of error measurement.
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.



limted to one direction fromthe fixed stations A, B, Cto the nobile
‘station. 4 4 OCTOBER 2005 Furthernore, since the neasurenent result is
stored in the nobile station 5, the n¥asuremant operation i s40CTOBER®BOOShe
.storage capacity of the nobile statio In the case where the neasurenent
result is processed into a map or the like, the neasurenent result has
needed to be brought out fromthe nobile station 5 to perform processing

after the measyeuEnt, gRELAIOMe S1URT ﬁggg%ls!uﬁclsm%réwﬁwm%o};ga g obj ect

of the present invention’is to provi positioning system tellite

posi ti onig g%lo?( % qfk ﬂlgaé’ﬁ}'e%fﬂeﬁ@t@?é&faﬁc?&ms ‘ﬁi’rﬁt FHJ Qfd‘r”‘ége %ggkbﬁ gyd easily

wi t hout taking the current positton in conS| |on ta server for

GPS posi |4 te positioning). The soI ving means of the present
i nventi otrtlhlggl‘!1 é‘%bﬁ)lc?% n each of the foregoing clains. BRI EF DESCRI PTI ON

OF THE DRAW N%Fh@ca% e WHRPE ¢ aa HX ARG f%sﬁm‘éfﬁ%%% g?&’g'xﬁ aplogt i on.

FIG 2 is a conceptual view s ovm ng a conventi ona Is an entire

Vi ew 5ho‘ﬁh@%l&é‘%l&”ﬁég@ﬁr@&eﬁt%%h?d*h@gcxfé’ HeB%d Be BRb (%1}&5’8}11 et he

present inventi’on I's a conceptual view show ng-a & pr esent
inventio ke dek& byl atrémsat WerQfiohhe

pr esent lﬁgonb\}eén'?f%tg(?ﬁgfgé %&é}owsﬁg% eex\zg\%p?g fanle B%}a(g ?ims?re |8x18 station
is sel eckgdeqby @ distance. FIG 7 shows an exanple in which a desired fixed
station i's sel ected

SUMMARY OF THE INVENTION

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.



by an area. 5 4 OCTOBER 2005 DESCRI PTI ON OF EMBODI MENTS The preferred
“enbodi nents of the present invention will be described based on the

drawi ngs as follows. FIG 3 is the enté}re configuration view shOBTO8ERR005
.enbodi nent of the satellite positionihg system according to the present

i nvention. The GPS positioning system (Satellite positioning systen) has: at
| east one nobile station 5; a plurality of fixed stations A B; and an

or el PrOBEASORSPRION O SMBOTAMBNTR, b o £1a01y) comect od wi L (e
The data serveiyd x%?er%’@ Hﬁ?&cfihl%ﬁité‘gfﬂ%‘%?%s' ht SnPaRidd WAIHY d&lpdledl s of a
central processi n uni t f, a stor age uni f, a comuni cation I nterface

unit andb%%‘d Bhi%ﬁe d}?%ﬁgggygj)ﬁ@‘%gon interface unit includes: a first
i t hat X

conmuni catron interrace asically receives the positioning data from

each of a pl “E‘g@ E’Ms%ekpgi/rfeicéﬁﬂggg;?tg&?%%\@FPB‘Wiﬁ%tgnaerﬁﬁ&&lﬁgerftmﬁgcati on

interface 9 t transm recel at a rom | east one nobi

station : LSt ¢ %rg}lgy j i [ . receive the

posi ti on?%téaﬁ?%a{)gglgﬁgﬁtﬁ? r ometﬁﬂ%b‘%?@e@g{g}t?%gﬁ%ek? lﬁé\?ﬁé&?he comuni cati on
means 4. Herei 11 -ORI acd ~genes:i ta0f,;a format
defined in sat ZPFi Fgﬁs S @?é‘g/dnq%:%ﬁg% %%gﬁ%t%a?g%:lg%flg?%g yggeéﬁ ? %Sf ﬁlts uch as

; S g onaft vsis T L rioning dat
receive galf Ohe %g?b%‘@hd S?rg%ltlﬁiemﬁ%%kg fﬁﬁ%g %6?%(%(315 e meshhyoshng data

i ncl udes binary dat text data or stations A B are

3L ) A 8k A, (A sy R bR e
peri odi caldbylet &aeRhnes AnAGRetAHH A9tHRk3A, B via communication means 4, 8.
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



regarding the installation positions. The fixed stations A, B are provided
“With the communi cation neans 4 6 4 OCTOBER 2005 capable of transmtting the
positioning data nmeasured, and the positioning data is trans OCEOBER 2005
.constantly or periodically. Accordingly, in the comrmunication nmeans 4 in
the first communication interface 9, the fixed station Bis arranged at a
known position in a fixed manner, and the neans 4 is capable of

communi CatiAge foh%r&s)s}h%thﬂitg]few? ?%iﬁohﬁhﬂ%@%ﬁ %H@?ﬁneghﬁhgf&%e%osligigﬁlion

conmuni cat't on nmeans rst co nication interface rgef erably
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I n the conmuni cati on neans transmitt on a data

for mat C@drg&%n%c% %@éﬁ%iuhﬁlrtﬁgﬁf'-éys&ﬁﬂﬁ%ﬁl&ﬁem&mmaﬁ bi t88 fdesnd the

known coordi nates are co ned. ata 1s also called a correction

data of %@ﬁom&és WAt 2khBwhos !ﬁéﬂ her Hﬁ%n%ﬁ,%tl?f‘ﬁ%swterface

9 is used to transm t/Treceive various data to/fromt e station 5. An

ext er nal il diahl Abecdtnd thic ARG LB d:Ribifg! G HChigN.sidiR | hforegdrp! ai ni ng

a receiving function, e no ati1on receive wave fromthe

satel i tgs TdmiRulRRb@idh itnggaaﬁ)fséi tihOghe uldsfit RomtPinfe3B0R! SateMifee 9 is

conmuni cati on neans prov or the no e station 5 transmts the

posi ti onj g dala-arf YiHHFL-ont Plohelifit AhdchNa S AWPANCRAd 'f fkiishAs ti onal
i nfor maﬁ) on xg%tgacal cngt 88 &\;\ntﬁltlﬁea Si rlrp{ae r?et%oc? based on a?ﬁe posserfpiSoni ng
data. Exph&ining a transm ssion function, the nobile station 5 transmts

the correction data used for analysis based on the positioning data fromthe

appropriate fipgdhstationtfy Bommunication means 4, data is generally
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 mobile 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



Furthernore, regarding the communication nmeans 8 in the second

“communi cation interface 9, neans capable of wreless comunication (two- vvay
comuni cati on neans) such as a cell ul phone, a PHS (Personal4 GCTOBER
. 2005 Handyphone System) and a wireless LAN is desirable, because
measurenent is perforned while the nobile station 5 noves within a survey
range. | nci dentally time lag at the point of analysis in the nobile station

5 poan berdiaypEbaed by 9Ba3Pepd FRUTNE BANON e ARS;rhBldISSbATstne

connunic neans centr processing unit 3 ased on

posi t i onj 9{% At is BRAIbH 1082 mo8tifd Beiod 8 oh s SERANT aGaIPRIYT cal i on
interface s eect és Iﬁ @t‘stat:éon Blom)st swst aﬁp For thg nobi | e
station p, ga(,/ndtransmts t he positioning data of the fixed station A or B
sel ected or°correction information based on the positioning data to the

mobi | e st at i ong, Baerdth y?%ﬂﬁé‘gﬁgé%%ﬁé 532l 5t 5ARBRLLIOIhS i RTsthk R 51 Y

vari ous data receive rom-t ["'e st atl on“5 and various I nformation
such as fangb%r Hﬁhhﬁ& 9% 88D aQﬁH %%s@%@?&”@sﬂfthea user
or the er t ecessary e processing of the central

processi ggnniiHitadn rﬂ@@? gor age neans 32 aI so stores a survey operation
range, environnental ormation of the nobile station 5 or the |ike, other

than the posi ThQr@Jr%}Qlf ?Eg@ésbﬂi&b it rﬁﬁfﬁm %haiﬁ@gr%aﬁlorﬁng%%&h%f

positioning data to ecel ve and e positionin ata o e positional
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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
pbsitional 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.



server 3. The nobile station 5 has: a receiving antenna 6; a receiver 7; and
" communi cation neans 44 (an interface to which comuni cation neans can be
connect ed) capabl e of two-way conmuni gation with the data ser4 @CTOBER 2005
. OCTOBER 2005 It is preferable that these equi pnents have portability such
that an operator can carry them and are capable of operating independently
using a battery as a power source. Although a chem cal secondary battery is

general | y usedygs (ptrBFerQBIet Hab tk?les@"@%ﬁ?ﬁﬂenb@hfaeé YhorYaitEkaeh that deubl e
| ayer capacitor (Energy Capacitor sten) 1s desirable due to a stable

out put  agybrator! ééﬁ&ﬁg HPREAUSE ARN Y60 ST LIRldpeAdbAtIgRihgas Wel | .

Furt her, 'the antenna has a bubbl e 'tube capabl e 'of detecting

per pendiigath@ry ta 5npecv<é§rs6‘ﬁc9.e ighebdied %eﬁaiﬁ@la%@&@rr@a}try Battaryagcuratel y,
and is in an‘installed state on rod nenber 10, where its Tower end is

poi nt ed sanRdaflha:RAL LNBRe ﬁa%ﬂy,b@phggfcal b&tteP biyt Sn WRREFicefkbld Mgy dover  end
of the rod nenber 10 is placed on the neasurenent point to maintain a

per pendi Gifaftod tEﬁ@ré%ychPsci@ws&&emg dekirhBR dikeo a dtsbleldput Bedant enna 6

can be arranged accurately above the neasurenent point. A figure shows the

process fifofithd Bebd\BsedfdrForaRaNES dSterNFabibaTR st ag wEf €rred specific survey
operation wll be exenplified. The fixed stations A B are equipped with

the receiving piitgeRatHe adtRAnECEEhAE aZbubbid tiiSe d@ipabld ST aPRAtRUS 4 that
transmts the positioning data to the data server 3. The nobile station 5

I's equi pRggentiiculitiey (®eedd tbaMAANRIBN 4 REeastiPERIEVE polnt AQdiratdy,
communi cati on neans 8 capabl e of two-way
and is in an installed state on rod member 10, where its lower end is pointed
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



communi cation with the data server 3, or the interface 9 capabl e of
“connecting the communi cation neans 8. Note that these equi pnents have
portability such that the operator car carry t hem and are cap#4QE@TOBER 2005
. operating independently using the battery as the power source. Further, the
antenna 6 of the nobile station 5 has the bubble tube 9 4 OCTOBER 2005 ( not
shown) capabl e of detecting perpendicularity in order to be installed on

the nmeas gxﬁcﬂm&ﬁe@a{b@& bf H@%%Jtl}hsg ggﬁ%@é&gﬁgﬂyiiﬁ%ﬁl& ¢d vl i%%@al?égie bRe rod

nenber 1 _ ower en he antenna 6 can
instal | egh, Onn 1S,/ dBRGT SRt aHRErAQIP akdds 95 4 Q1 ®sReE O the Bhaced on

r én 1
t he nmeasurenent poi nt ?o mal ntai n the perpencflhcu%ar state by tr?le bubbl e

tube or the bikey a&ﬁteré ;ycgs 1&&%{6&5@%8@@1}[&@@ H51 ac&lreaagleélggacgaeﬂc%egx above

t he nmeasurenent ~ pol nt. specific survey operation w scri bed based

on a pre ; Initializing and setting the nobile station 5.
Wth theirg%égggiogﬁ%glra%?gag%g of a general kinematic survey, the nobile

station 5 is a"i‘ﬁxggggz%r%cf ?ﬁgﬁ@%&‘?ﬁ&&b@?ilrbtist aES@foQ{ M BhddRlrbaleng

operation. At thi oi nt, conmunicat| on neans 8 equi pped performs

conmuni cat,i ' ' i | [ Lty 0 he Iike
bot veon PReagrfal G O BekbERNC N RERY e BRRITLOONGE EhgRiceDanlT 1 ¢
osi ti onj [ I Vi t j whil e
Phe. mbi a2 (he o e LRE Y Attt N Rl IR Rkt 1) ' Phe
posi tiongh;ggoordi nate information obtained by the single positioning
basicall? has an error of 20mto 100m

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.
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On selecting the fixed station A or B, the data server 3 transmits the
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
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coordinate data that the mobile 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:

LA X + Yot + Z4
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 shorter slant distance appears, and then

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



CLAI M5 4 OCTOBER 2005 1. A GPS positioning system conprising: a plurality
of nobile stations for neasuring a positional coordinate by receiving radio
wave froma plurality of satellites; a plurality of fixed stayiQGCEOBERI2008Ve
predet erm ned positional coordinates figr receiving radi o wave fromthe
satellites; and an arithnetic processing neans connected with the plurality
of rnobile stations and the pluralityg;afpki xed stations by comuni cati on,
wherein the arithnetic processing nmeans selects an appropriate fixed station
for one of the nobile stations on the basis of positioning data transmtted
fromthe nobile station, and transmts reference positioning data fromthe
sel ected appropriate fixed station to the nobile station. 2. The GPS
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wherein the arithmetic processing means selects an appropriate fixed station
for one of the mobile stations on the basis of positioning data transmitted
from the mobile station, and transmits reference positioning data from the
selected appropriate fixed station to the mobile station.

2. The GPS positioning system according to Claim 1, wherein each
positional coordinate of the plurality of fixed stations is fixed at a known
point, wherein the appropriate fixed station is constituted so as to be selected
on the basis of the positioning data transmitted from the mobile stations to
the arithmetic processing means.

3. The GPS positioning system according to any one of Claims 1 and
2, wherein the arithmetic processing means selects the appropriate fixed
station for each of the mobile stations among the plurality of fixed stations.

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

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

wherein the positioning data transmitted from the mobile stations to the



4 OCTOBER 2005 arithnetic processing neans are data received fromthe

satellite. 6. The GPS positioning systemaccording to any ond QCTQGBERR2005 t o
5, wherein the positioning data trandfitted fromthe nobile stations to the
arithmetic processing neans are obtained by single positioning of the nobile
stations. 7. The GPS positioning systemaccording to any one of Clains 1 to
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The GPS positioning systemaccording to any one of ains 1 to 7, wherein
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received. 9. S positroning systemaccording to any one of Clains 1 to
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posi ti oni ng ata fromthe appropriate fiXed station to each of the nobile
stationsgidnsThe GPS positioning systemaccording to any one of Claims 1 to
9, wherein each of the nobile stations includes a nobile station for
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server for GPS positioning, conprising: a first cormunication interface for
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radio wave froma plurality of satellités, a positional coordinate of the
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fromthe satellites; and an arithmetic processing means for selecting an
appropriate figedThe GPS positioning system according to any one of Claims 1 to 7,

wherein each of the mobile stations includes a display means that displays
data received.

9. The GPS positioning system according to any one of Claims 1 to 8,
wherein the arithmetic processing means transmits the reference positioning
data from the appropriate fixed station to each of the mobile stations.

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

11. A data server for GPS positioning, comprising:

a first communication interface for receiving positioning data from a
plurality of fixed stations that receive radio wave from a plurality of
satellites, a positional coordinate of the first communication interface being
fixed at a known point;

a second communication interface for receiving positioning data from
a mobile station that can measure a positional coordinate by receiving radio
wave from the satellites; and

an arithmetic processing means for selecting an appropriate fixed



16, 4 OCTOBER 2005 station anmong the plurality of fixed stations on the
basis of the positioning data received via the second comuni cation
interface. 12. The data server for GPS positioning according £ 8cFbBER 2005
wherein the arithnetic processing nmeagg transmts reference positioning

data sent fromthe fixed station selected by the arithnetic processing neans
to the nobile station via the second communication interface. 13. The data

server for GPS positioni cordi ng to .any one of .Clai 11 and. 12,
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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 communication interface.

13. The data server for GPS positioning according to any one of
Claims 11 and 12, wherein the second communication interface is a radio
communication means capable of two-way communication.

14. The data server for GPS positioning according to any one of

Claims 11 to 13, wherein the mobile station includes a mobile station for

kinematic positioning, whose antenna and receiver are movable.



