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OF THE | NVENTI t invention relates to a GPS positioning system
(Satelllte posFﬂWHW“ﬂmmmmmmm in which a positional coordinate can be
found by receiving ra ﬁ Q wave froma saflellite, and a data server for GPS
positioning. Prior APEKi nemat i ¢ positioning in a GPS is a survey nethod
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
novabl e antengﬁll“ﬁlltﬂ.'lmmﬂmmm& per FRECIHEEGATEA®Nt in a short ti rrg v@ EEQ’
sequentially | ar ge nunber of survey points. Ther
real -tinme kinemati esoposi tioning (hereinafter, referred to as an RTK) as a
devel oped type of the Ki a positioning
nmet hod where a position be obtained in a

real -tinme. As shown in FIG 6 a flxed statlon 2 that consists of antenna
and receiver is arranged at the reference point whose coordinate i s known
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measur errer}lec&%ﬂé rgéiot\ggvg?lbo'ull% satglhte, and a data server for GPS 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
movihg 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.

As shown in FIG. 6, a fixed station 2 that consists of antenna and
receiver is arranged at the reference point whose coordinate is known and a
mobile station 1 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 8 with the fixed station 2 and the mobile station 1, analyzes
positioning data in the mobile station 1 referring to positioning data
obtained in the fixed station 2, and thus a relative coordinate from the

known point of the fixed station 2 to a measurement point of the mobile



station 1 immediately can be found. Further, for transm ssion of the
poi soning data fromthe fixed station 2 to the nobile station 1, nethod of
transmtting data fromthe fixed station 2 by particular frequency radio is
used. Specifically the fixed station 23nvas provided with a radio
transmtter (one having the frequency of 400MHz and the out put of about
10mVN for exanple) to transmt constantly the positioning data, and the
nobi l e station 1 was equipped with a radi o receiver capable of receiving
t he transstiationd] immediately canre fawnd.i t has been able to refer to the
transm tted positioning data as needed. On the other hand, survey result of
the GPS requi r cEurthercios tkangmission of be prisaning dats frgm dhe fixedséatiensyst em
and environment. Specific correctign _itens are |isted as follows. (1) Ceoid
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foll ows that ‘R%Tg%ér\ﬁ-?%gﬁ&gﬁtohgtg g‘arél.)listé@' Sl}iolilg,zg_he equation is called a

geoi d hei ght. g el evation can obt ai ned by subtracting

the geoid hei 9%1)'1*}5&1@%%%%&%3 edidifbSite Eemkﬁid(}%@em the GPS

positioning. The geol ei ght and paraneter for coordi nate system

conversion are &eufidid UneRA MHRhed e s2R1IBVEI BEL LPEhelpsRInGH and
t he coordi nate conversion paraneter that correspond to the area, positional

coor di nat gy Maké!8f _Emgr&sqgf of ERe Frthe m(si%nt Red ghifubliSHiavesan ALt ai ned

fromthe positioning result by the GPS. I nformation regardi ng satellite
Al t hough grdtels| theJapas Gebaetit R§s€dn® 18 avceleeLfioh HHEREGhs IELY 8Ba ddvlelOVer
the Earth, thelr existence density or the like is scattered. In the case
wher e sat gldoid garfasé e TokyodbHPhas aorefédends. al | - sky viewed from an antenna,
in other words, when the positions of the satellites whose radio wave is
recei vabl e in tOa thd othley haingl, dnetthiabh the GPS eises lag,a referaticeriethe Eahacy in
anal yzi ng a neasurenent position deteriorates. Furthernore, when an
obst acl e eHigsbid (WKES-84),%irsl theoheighitte berfoend {WGS St stdtemd isrblye heighits f r om
whi ch radi o wave cannot be received depending on the tine. Conventionally,
bef or e sefromm¢heelligsoid surfaze msemeldt operati on, arrangenent information of
the GPS satellites has been processed on a personal conputer or the |ike
after the obst athe Japardgtodetiarnsysbamr \vatd dhep WGS-8dssysteoh dtasok, thed t hus
the tinme unsuitable for the nmeasurenent

difference due to different definitions between them as large as about 50m in

height depending on an area. Therefore, a coordinate system needs to be

" converted in order to use a positional coordinate obtained by the GPS survey
as the survey result in the Japan geodetic system. |

Since the geoid has fine unevenness, an approximate ellipsoid of

revolution is generally fitted to the Earth’s surface, which set as a reference



4 operation had to be set. (3) Information regarding ionosphere and weat her
Furthernore, since the RTK perforns anal ysis based on radi o wave fromthe
satellite, which is received by both of the fixed station and the nobile
station, the influence to the accuracy ®f a coordi nate val ue found by the
anal ysi s becones neasurable if the condition of the ionosphere and the

at nosphere, in which each radi o wave passes until it reaches the Earth,
changes co this reason, tak sideration the

i der.abl y. . Far. ing in c
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transmttegd to,eagh nobile station, and thus the RTK positioning can be
performed ®even out'si de the fixed station reference range. Correction itens
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and the digd; @N%ofn“t}?egéiﬁ sOfd lﬁ%%h?h}’%‘tﬁrfeéﬁ;ﬁgﬁld?t’}@g%ﬁ%ﬂié jon of the

at nosphere that exists between t sa the servation points

(both of the fixeg sdddhefpithd Bﬁrdfﬁ@férefoﬁizé‘&zjd%be_ ﬁah&ﬁ cioﬁvéib‘?oﬁl%?éi ty or

the like, for exanple. By 5 applying the appropriate atnosphere nodel

bet ween t hguAaiBt lebtRreld ahiehyeBdifind 2he %oﬁf‘b Heldit dnd Qﬁ)e %ﬁ@f'&i‘i’l’&te

several ly, propagation speed of” radio wave can be accur at el nown and the

accuracy QonResdién Pr¥andtat ViHat Etredftid b dHe 384, BBsifBRaPCobidihate
i nproved. Correction regarding the weather information is also inportant to

i mprove pagithé @Rhf BorforisAeYtiRSI fpsn Febdéti®BPsteBAsAK del obtafiRidrosd KBEL | ON
operation in the GPS has not been performed during the positioning

oper at i on,pdaitionihghesultdiettd GPSHeen prepared before the operation based on
a plan or correction has been nade to data after the positioning operation.
However, unli ke (3)Biformpationtregardidgnsatélditeed by fixing the antenna, in

ki nemati c positioning having the prem se that the positioning operation is
performed whil e Aithough sdellitesamed, for the GP& havbdeenianyched és cover il
positioning operation was difficult at a point where positioning was

ori gi nal | yover dhe Eaxrthytseie existopes density oultherlilte thesdatfdredi bl thetdasehanges
of the environnent and the condition at an operation site because they are
di ffi cul t whener sdelites gathérein a\poetion of mnbdlbsky sié¢wed fram anhenteasial, imni ng
result as a result of performng correction of the geoid or the like, its
veri fi catiasher swbrdsoswﬁbnethm pasitions efwiee sateltidess svbdsecradio peave iisni ng
is based on the site condition. Accordingly, the problemdue to the sane
cause i s weesivablesin/thealskyearedistribatadeneerly, measgrementaadomarary in
performed again, and there is no way to recognize it. In addition, when
radi o i s Adyzingta messuremant ppsitioasdeteniaratgsdat a, the receiving frequency
of the receiver was required to previously synchronize with a transmtting
frequency of thd'ythexmere;tvhan ap obatacls er thejlike ekists proundthmantanna, ng

operation. . . i . . .
a satellite may exists from which radio wave cannot be received depending

on the time.

Conventionally, before setting out for a measurement operation,
arrangement information of the GPS satellites has been processed on a
personal computer or the like after the obstacle viewed from an observation

point was predicted, and thus the time unsuitable for the measurement



6 On the other hand, in the case where the positioning operation is
‘performed on the RTK, a fixed station had to be newy installed or the
positioning operation had to be perforned with reduced accuracy when a

pl aned point of positioning is off frontthe fixed station reference range.
Moreover, there exists a "virtual reference station' nmethod in which highly
accurate RTK can be perforned even outside a reference-possible range of
each fixed stat.io 6(5{:,? ver, the “virtual reference station' that is a

vi rt ual fi%ﬂaQP%{i? $elhe set in advance in a predeternined range set

by a plurality he fixed stations, and treatpent of the " virtual
reference stati 3%) i‘?fg’r%@@aﬁgaﬁfiﬂg lanosphexke %%gef“f?éﬁ‘ﬁﬁrf t he foregoing fixed

station. SUMVARY, OF, THE | NVENTI obj ect of the.,present inyentionis to
rovi do a GPS pORIEPGHRALE SBre R S FarT s analvois hEsed on anyiia Havecan
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vi ew expl giji L s ection. FIG 5 shows a process flow chart of a
dat a server%g%g%ggﬂ%ggg%ﬂ “invention. FIG 6 shows a conventional GPS

posi tioni ng SYSYP this reason, taking in consideration the condition of the earth

viewed from the satellite, a range having the radius of about 10km around
the fixed station is generally set as a range in which the condition of the
ionosphere and the atmosphere, in which radio wave from the satellite
passes, is regarded to .be substantially the same. This range is a range
where the mobile station can refer to the predetermined fixed station
(hereinafter, a fixed station reference range) to maintain measurement
accuracy as the RTK.

Consequently, a correction value for influence caused by the condition
of the ionosphere and the atmosphere in the route, where radio wave passes
until it reaches the earth, is transmitted to each mobile station, and thus the
RTK positioning can be performed even outside the fixed station reference
range.

Correction items concerning the condition of the ionosphere and the
atmosphere are called ‘The atmosphere model’.

Specifically, it corrects the traveling direction and the difference in
speed of radio wave caused by the condition of the atmosphere that exists
between the satellites and the observation points (both of the fixed station

and the mobile station), which is the density or the like, for example. By



.7 DESCRI PTI ON OF EMBODI MENTS The preferred enbodi nents of the invention

wi ||l be described as follows based on the drawings. FIG 1 is the entire
configuration view showi ng an enbodi nent of the satellite positioning
system according to the present inventi®n. The satellite positioning system
according to the present invention consists of at |east one nobile station
1, aplurality of the fixed stations 2, and an arithnmetic processing unit

(a data server, 3, preferably) connected with the nobile station 1. and the
fixed stapPBEng tHeap teaRfmBes ﬁsm%lle &swse%éileéﬁ&%ﬁlé%éflét €f a
central progessipng.unit 4, a storage,neans 5, an interface units.6, .7 and
the |1 ke meRISEation angd the fixadstation seuptally BrRPagAtOBsPeRd: BEERGI: 1.
comuni cati on neans 22 capahl e of two-way comunpcat.ion with the.data
corver 5 PSR it BRT AR DOHHEER AAGURG SerarRey ohRatikoRal PORRBAL théang
di spl ay neans (ntt%:]i' shovvng iﬁgabl e of displaying various kinds of

i nf or nat i SRR Stafionyean Be KpUS FRPrpYedsi yver 21 of the nobile station 1 has

anal yei s 1 osal { CoF e Sind yReag o st TSP ik e BB bhBBRARGR * "
These eq”"%??‘t’ef,ggﬁéﬁpﬁlgé%ﬁ%@%ﬁg%ﬂgﬁ%’?m}@%ﬂwe operator can carry them and

are capabl'® y USTng a battery as a power source.
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i nformat i g%tgla?&ﬁqﬁgép,«gi Sidin! atidha obtained by the sensors can be
e data server 3

transmtted to t together with the positioning data via the

communi cati on rr%eve%,suhhﬁeesqubie;ﬁmtisﬁfnézga-fepﬁhait%n'ﬁ&mg)re&é 3riteAnat he
antenna 20 is installed on the rod nenber . The rod nenber 23 has a

bubbl e t ubg GAGRBLR ﬁsiﬁ@ﬁﬁ@tﬁwnng%hﬁgé 3hht Yhé Positideing epbeatidisisl | ed
accurately on a vertical |ine of the nmeasurenent point, the antenna 20 can

be instal hpgfRhdd WHiRPeioweAg, theNdntdind, OtMire Hed bedRimhRf cadedSwherde
install ed accurately and easrly on the positioning poirnt. The |ower end of

the rod ngkRiomagl %gefmml st [Aeffest tAPNd NPoRi REhdre PRkiticningt keas
per pendi cul ar state by the bubble tube or the |ike, and thus the antenna 20
can be ar roapadllaptanéed 6 whapewd dgerat@séduldmot@endilekibly hethickadged of i on 2

has: a receiving antenna 17; a receiver 19; and comunication neans 10 t hat
transm t s theréedtéromendsrid ohé ngnditien Gt ann@skrayionheitpdsdchusaithgyt ard he
data server 3. The fixed station 2 is arranged on a poi nt whose positional
coor di nat diffeeulthtovpredicta fi xed nmanner, receives radio wave fromthe
satellites constantly or periodically, and obtains the correction
posi tioni ng dat &urther, swhen aprobkinalis fohpbi the positioning result @ata asulieans
10 transmts the correction positioning data obtained to the data server
const ant | yf perfoeniingiconrdcyion of the geoid or the like, its verification is impossible

in the case where a cause of error positioning is based on the site condition.

Accordingly, the problem due to the same cause is very likely to happen even

if the positioning operation is performed again, and there is no way to

recognize it.

In addition, when radio is used in transmitting the positioning data,
the receiving frequency of the receiver was required to previously
synchronize with a transmitting frequency of the fixed station to be referred

to before the positioning operation.



An the communication neans 10, since the fixed station 2 is arranged at a
known position in a fixed manner and the neans 10 i s capabl e of
comuni.cating the correction positioning data in high-speed, an always-on
connection line such as a WAN and an eXtlusive line is preferable fromthe
vi ewpoi nt of speed and stability. Further, the correction positioning data
of the fixed station 2, which 9 S transnitted to the data server 3, is
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station’ is substantially the same as that of the foregoing fixed station.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a GPS positioning
system (Satellite positioning system) that can deal flexibly with a change of
an operation site when the site is changed at the point of positioning
operation, and a data server for GPS positioning.

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

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an entire view of a GPS positioning system according to an
embodiment of the present invention.

FIG. 2 is a view showing the basic concept of the present invention.

FIG. 3 shows a status where the GPS positioning system according to
an embodiment of the present invention is used at a site.

FIG. 4 is a view explaining geoid correction.

FIG. 5 shows a process flow chart of a data server of the present
invention.

FIG. 6 shows a conventional GPS positioning system.



.The second interface 7 for communication is used for receiving the
positioning data fromthe nobile station 1 and output data fromthe sensor
equi pped thereto and for transmtting the correction positioning data and
reference data fromthe data server 3. As a receiving function,

transm ssion/receiving is perforned between the conmunicati on neans 22
(FIG 3) of the nobile station 1 and the 10 comuni cation nmeans 11 such
as a portable termnal _and a wireless LAN connected to the data server 3
with a line 12 RESCRIFTIONOF EMBODIMENTS  and between the

conmmuni cation nmeans 22 included in the nDblle station 1 and _contmuni cati on
means 32 connectldte pseferred emhediments ofathe javentiongilhbs; desaihed 8 1
receives radi o wave fro the satellites 8 to obtain the positioning data.
AIternatiJEﬂ?WS@ﬁéeﬁﬁﬂi N8R- 1 receives positional i nformati on data

Cranom sai on f EIG-Gris PRenHRedPRL °3 \oPRET S VIRE S ARBEPEASEhE1 oni ng
dat a based S|t|on|n dat a om. an, a ri.ate fixed station 2,

Wi oh 15 gebatite ol wryggs%ys Aeordine 18 g PR iBYFRtieR  agar ding 1 he
”E‘;lf S?ELS”M E shtetifh, ppecEPIE Geish bRk e prdtsaf ngeitibhans
g‘éf’f"m b| SpBRiSTe 57 BudeimPaé Tl St i <PUTHRE BhoRE tticeBEnd 2. s
station 1 2h EpcERtAmeYr bt Resitg: Shiv. BE aR% Borlir 2LBHIRHTUND obRGRRE, 2

Lhe, Comuk AR TaBEARSihon TNEAN ok BEATSTEH o il died 65Tl L e

posi ti onal "inf orrra ron-o |on ositioning data of

the mobi | e statingn, 4a0DLaHIST3 YhAssRe of ORI Ifgkstaﬁgeﬁfiﬁ% 4 stGiELECt S

one fixed stati nost sulta bdse the

osi ti onaly, S ‘rection posiiioning data
IPECEI ved frggg,%E"E#‘,lﬁgb A h it 85 M disy i’:}g@hRQ p 9

statl on $el ect or the reference data

correspondi ng t oy 1y gé[ ts'té’ﬁéﬁ 1 ¥ r@tfeeavhpg thfteRRI 28 2Rkéver 21;The.

storage neans 5 Is capa storing flexibly various data 11 recéi ved

fromthe r@hEnsdAld P anéarﬁnﬂz \:@phBl&Sof NIW%I tBnfinib&gon With tREAEANY @
person who perfornms positioning operation and a user, other than data ~

necessary depfed BYoP'dif StertiteObbrieRt 1B I With ﬂf@@&ﬁﬁi\ﬁﬁcé’tﬂbﬁ mleans); and
Specifically, it stores a survey operation range, environnental | nfornation

of the nohijkplast@bhAd (96t SHRVA) depabbé bEAishRAnE VA rivRsiKihasof infoFmatishi on of
the fixed station 2, the positioning data to be received, and the

posi tioni rfgrdnéap@faﬁohe positional information fromthe rmbl |l e station 1,
and they can be utilized later. Note that the positioning data in this case
is a generic narBhefecdinter 20 oftHeamobile dgedtioed has statagd means (otashowat)i ch i s
data that could be dealt with such as receive data or positional

i nf or mat i cthaaf steresirddtassach Bindhy peditionimk tdatat andnainalysisl réslfr end
included as a format. A specific survey operation will be described based
on a pref eadditionaHyphas thd displayi means hgiknthereirt.i ritheésecequipiments thatvieon.

portability such that the operator can carry them and are capable of
operating independently using a battery as a power source. Although a
chemical secondary battery is generally used as the battery, a physical
battery by an electric double layer capacitor (Energy Capacitor System) is
desirable due to a stable output and a lifetime because performance
deterioration is small as well.

Further, a sensor that detects weather condition or a CCD sensor

having an optical system, which photographs the site of positioning



Wth the operation procedure of a general kinematic survey, the nobile

station is arranged at the reference point to performinitializing
operation. At this point, comrunication setting, confirmation of

comuni cation condition, or the like i$ performed between the comunication
means 22 equi pped on the nobile station 1 and the comuni cation interface 7
for the server 3. (2) Single positioning is perforned receiving radi o wave

fromthe satellitges while the. biIe.staaﬁﬁiPon 1.is nopved, based on the
booi 11 oni feTAtan rehtalilap it (TTRBRHAR AP G P RABBREd he i ngl ¢
itioni basical ly, h f 20mto 100m.,, T bi tati 1
PO 0T, o hEE bHieiAAa Bl SeBhe SRR ROt TR {BeTRlAR o
t he dat 3.Mi t he.. i ti 22.. . thi int, th
bosi £ oni TEeNarvitthfhe PsiFBRRAHAR LRLHT AlRniticatioh fatted on o for mat
Il ed NIVEA i i,n.tha GPS. . Fur.th ) t i St
IR R e R A R N e A RS IS T
i tranaRbibedd Ond BaALmRST 48T FLOMR! NeLmBLL b L POS 00 isg, dat 2
mple, i at a

if necessary. For exa n e Casé of photographed i mage

hot ] ti t; ,
i chhas Haeno of fRRet EANBLAleh Blulkpfy L B8r (5 XS IBMANY haRr ol REEC] |
transmtt I %Jf&ﬁ' t it 4,00l i-{irgan be
treated aggftﬁ%q g{ﬁ‘gf@fgt?‘ gﬁ_ﬁ% ! rragée}_moﬂrjfi P ﬁ’?&iﬁ%@%aﬁ%%&?g?ﬁﬁay aA(\JtI{ 1tt IS
poi nt, i fyupper BRA! A4 iBXlcwdl E8E kS ix?ﬁ‘edtélﬁaé"%?tb%gigé@@llé@ @éufa'%e%géﬁ&.t ed

and transmtted together, it can be treated as | andscape froma sitioning

posi tion. e4dly JRehdPbaitifiME pont.€Cel Ves the single positioning data
transmtted fromthe nobile station 1 via the comunication interface 7.

The data serverTRe 168} ¥88 of Bse S84 h@éﬁlb&nzmébrdc_@aidmr@@siﬁ%i@pm%_ been
obt ai ned by receiving radio wave fromthe satellites 8 Tfroma plurality of

the fixedtshiihtdin theVperpeRgidulas ktdtetsy {RCBubbletubXbeti@likk] a8d this
correction positioning data is generally in the "CVR format where the
receive deli@antehria'0 pas el fitahgedoctiritbBsabévd tiR positidni@pbins 2 are
conbi ned. The data server 3, in the central processing unit 4, selects the
fixed station 2Therfimgestatioral hafropecatvihgaaténmn 170ra téweivaty I®Nand
position of the nobile station 1 based on the positional information in the
posi ti oni egmdaimichtiom tnheamo bl ethatt tramsiitOncaakbetion ngobitiorfingedashat i on
2, the processing unit 4 transmts the reference data, which has been
recei ved obtaimedbythequisidordingas thieaddtarse2ver 8 13 the first interface 6,
as the correction information at the point of positional analysis to the
mobi | e st ati on The fixed station® isrdreahged o#.a pdint Whdsecpaxtitienahaoddinate
processing unit 4 reads out the reference data relevant to the positional
i nf or mat i B kefowmeimubi fixed traanoer,1 receives eadio owaye dirim the Tsadelliteer ence
data read out is transmitted to the nobile station 1 together with the
cor r ect i oeondantlyonr nperiadicallyorandcoltiainsl tHreatdoorectionmypesitieninge dagaer ence
data read out is selected according to the positioning operation. It nmay be
set beforéegﬂﬂ‘élfpﬂ)gntméﬁﬁuﬂgi PR on, or nay be determnined according to the
environment condition or the |like assumed froma request fromthe nobile
station 1 and alBercommypi¢ation meeanhd Ontranseiss $hegerrection) pepdiaping| e
station 1 recejves the correction positioning data, and

data obtained to the data server constantly or periodically.

In the communication means 10, since the fixed station 2 is arranged
at a known position in a fixed manner and the means 10 is capable of
communicating the correction positioning data in high-speed, an always-on
connection line such as a WAN and an exclusive line is preferable from the
viewpoint of speed and stability.

Further, the correction positioning data of the fixed station 2, which



the reference data fromthe appropriate fixed station 2, which have been
transmtted fromthe data server 3, analyzes the correction positioning
data together with the positioning data obtained by the single positioning,
and thus nore highly accurate positiond information of approximtely 10nm
can be obtai ned. Mreover, by applying the reference data to the positional
information obtained in this manner, even nore excellent result of the
positional infornmation

r the like fhat conforns to the Jap eodeti c
system caf® H@nsHkedde Sselats sorEor. 8 eepemHy E‘ﬁ’é}sﬂ?lﬁtj*dt%a%gc@r@?ﬁce t he

result obtaj,ned hi oint is the,sa epdet | stem a urve
osul t by calledia, EMBowhats theteinaviaty Gomrin shEaLRtSy i HhR A
ref erence, tl‘gﬁ results cagn bg easily conpared with each other. The result
obt ai ned CLOLRALES 3§ GOMPIBEGr age means equi pped on the robile station 1,
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dat a regarlgia(}gipgie ipatellites 8 and can predict the state where it |oses
track of the sate }lt'es 8, it calls attention to the operator beforehand.

In addition, th‘i‘h%%@%é‘x%&é)ﬂﬁi@ﬂfcidd ; gh.t«?[térﬁﬁrli’ﬁé iﬁte?fa%gﬁlgpﬁeirrﬁéiﬁ%@e

status, the systemdetects any trou | It occurs on raware a

sof tware, g3nfaktis ihNi R dTRAaly8bn éoﬁﬁ@c@mFgéa%g ihomfdé? APFRIRLRY p9§itfo|iigx|1€0bi le

station 1 via the conmuni cation neans. or exanple, even If atrou

occurs suQRta9réRacdchodr d5hlaralkie of Th&FidelCitativas d; £fl @ HRARIStAGoRMOUNT
in the server 3 and shortage of ‘the correction positioning data due to

det eri or ahRifade ('sie&ﬁl@{hﬂemaﬂf)toapfafiﬁa BV b at edhRfunlicAB6R iM T det t6S
information to display on the display unit or informit to the operator by

bl'i nki ng efamdmitndceiveatadb/fPdardt 188t ¢he Rlobileasthtiks.1,. The operator, by
obtaining the information earlier, can easily take counterneasures to the

status. Further Myee firkb eindeéfacs o6 VRIr BhéCortbred iR \Weaddilectetd comghé on

obt ai ned from Japan Met eorol ogi cal Agency and geographi cal information

obt ai ned RkymAn@hieation! heedrisk @0y ivvhicheisekbtweal thenmtetface i axidrthet fivedt hat
corresponds, to the position of the nobile station 1 is transmtted to the
nobi | e st atation 2, \ihaoridee tooraveiiiectlie otrreetdns pbiitionihg dxtal Sentofrbar thand,
the nobile station 1 ¢an be equi pped wth the photograph neans. The

phot ogr apfixedastationr%si sts of a CCD i magi ng el enent, an optical systemthat
allows incident light to forman inage on the receiving plane of the CCD

i magi ng el ement Fuarhbleramore, ithi rfixst dnberfiaceob fonithe eibernal dinesisceapahde iofmge
formed on the receiving plane of the CCD as i mge data. The inmage data is
subj ect t conpeghieg $0 @annetvwarkssiiahgas the dgtarnet othwérdidrant then fixed@tationi® |1 ne
during transm ssion, and transmtted to the data server 3 together with the
posi ti oni nghightenahles ithto commumicate withreapersasal eamptter, opthe bifkeaiphitng
conditions at this point is converted into data and nmay be added to the

i mge dat aewoda place wiatthasmlimet t ed. Additionally, if the positional

coordi nate of the positioning data transmtted fromthe nobile station 1 is
remote from any Tdte sepond; indarfacatd frscommuinieatien is gised fogregeiying dhes for
10km or nore ,and the correction positioning data cannot be transmtted, the
dat a ser vdtosifiening<datastrony thermahile $t@§1§Pqu A&d tpug s a e the $enFoReat her
t hat correspondéo the posjtion of the nohile station 1 together with the
correct i orPAYaBPed Shengto and, for transpaittipg, ther correetion pagityping 8Bflecting
the correction positiqgning data fromthe nearest fixed station 2.

Accor di nglTgferenge gate g’iﬂ“&gbe 2 BeXVSEr¥F or med because the influence fromthe
o e & 2 he A & SBHIVING BGHOR, ransmiesion/receving 1s pertormed between. (- o

the communication means 22 (FIG. 3) of the mobile station 1 and the



Exanpl es of data (information) to be transmtted are as follows. - The

at nosphere nodel data - The geoid correction data - The satellite
positional information data 16 Not only information regarding the

posi tioning, but also operation informifion of the server, various kinds of
information regarding the current position of the nobile station such as
cautionary information concerning weather and i nformation concerning

adj acent faciliti

, I le, | t i,nf ti t hat th
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station, and ;highl ccurat e neasur enent n ble egs. | erfbr d,. At the
"t Cor BRd hereel G it rUER RS BFdhe A2 nENdER I the Blob e SRt T o T ea
Itol()lrrg cgrrﬁsgondiégpt%he obs%ggl%i onecgo('?]@t hTher eef %rce hi #Ell Y3 acc];g atnerea
posi ti oni 8 ocﬁg? _'(‘ﬁ? WI}HJO%?Pf. U .% %5 239V § p‘glltlho? 8: ].\l\he. Hat a
regar di ng { a1 080l o Of TBELERD B @R AN HbrR! il SaillifesOB POBHEANHA
operation, correction Tegar |ngat e geoi d, whic Ras &nvent P8HE | y been
d.af: . i tAQNLNOG: ' ) b 1.
Dosi t1 oni RAERDIREraRes; ARBRIRIOAG Bhe Hoblle ManRlL oS Blatlliial | g
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positioni ggigesult, the problemcan be recognized at site and response such
as re-positioning is easy, and the cause of the problemcan be identified

easily On the onRed +PaiinisdAD At BthieGAtEFEEE &1 tRensMetsSleCtdrrb&forfan be

obtained at site as well, not conventional setting based on an uncertain
el ement SPGHtﬁﬁﬁﬁ% AL BAKA SRSERS pBsitidniAglddtAdfrem bRCappFopridiat fix&d not
suitable Tor positioning operation can be nade based on an obstacle

actual Iy ghasked, #hidlhes RSl fdraidlgsiaPes eid fidbilelstatignd thus a m stake and
a problem 17 in the positioning operation can be prevented. Furthernore,

when operation FarfhdRt irkgapdirighe ther Ve&immiaitatien Kimdanef 11nf gamathen
regarding the current position of the nobile station such as cautionary
i nf or mat i gemeeEsieatiocAdinterhbe 7, 3itkd potidRindis perfoansd ghilejthe anbbile
facilities, for exanple, can be checked as information that supports the
posi tioni statiper aioves awithie poOSslvEy Naryeer ahéais Sedpablé hef paedrélessni ng
operation can be perforned certainly and | oad of the operator can be

| i ght ened coldmienicationien-wagn®ihmsindeation )t suechahses pélbular michele, daPEHSs

i nformation regardi ng the i onosphere and weat her depending on the position
of nobi | e(Bémsonah Handyphene &ysteind ande wirelesc LAMispdesitakdai ng data from
the fixed station is not limted to a reference possible range that is
wi t hin the radi Iscidentdlkmtimelag akrthefgaint of enalysixirs the mwbiledtationhbs
conventionally been regarded as the range where the RTK positioni na\i S
possi bl e, candbe moininiiged ywher highspRed ¢opeinuiniedtion ceeanseipasedrasebhe 18
communication means 11.
The central processing unit 4, receiving the positional information of
the mobile station 1 from the positioning data of the mobile station 1
obtained via the communication interface 7, selects one fixed station 2 most
suitable for the mobile station 1 based on the positional information, and
transmits the correction positioning data received from the fixed station
selected or the reference data corresponding to the positional information to
the mobile station 2.

The storage means 5 is capable of storing flexibly various data



CLAIM5 1. A GPS positioning system conprising: at |east one nobile station
to neasure a positional coordinate by receiving radio wave froma
satellite; a plurality of fixed stations that have predeterm ned positional
coordi nates and receive radi o wave frodilthe satellite; and arithmetic
processi ng nmeans, which is connected with at | east one nobile station and a
plurality of the fixed stations via comrunication, and that transmts
correction data suitable for the npobile station to the npbile station based
on posi ti segeiredidrem: tae gnpbilegstation dhandoBarieust infpgpation ypdheplke
positioning systemaccording to aim1, wherein the arithnmetic prqcessing
means tr aRSFANAANE & PEESRIL i PasitioIng AReKatisnr 3pd i sy tuser, Qkher
station, ich is.selected out of a plurality of reference fixed .

posi ti oni ?Eamm, DEGRSEATY, fOF ﬁé\epagqceeﬁ%lngnend%cwgﬁi ATPERSFIRG JHRif b
nmobi l e station, fogether wwth the correction data. 3. The GPS posjtioning
syst em acga@en?wahyﬁéﬁgre&?eswe@ SRGFRHIORFARES, GREIFERMeRa! EfprBetio St o
is geoid rrection data. 4. The GPS positionin stem accordi ng .to any
oneor & Shtokiig Sentimar e e Cher dbian, Ao apa el TR o B dBitar ; on
data. 5. The,GPS.posjtioning.system accoyding.to,an e of.Claimd and 2,
Wher el PEEGHRER T bR SN TR O Rh P RN SPF 20FIAMAR AR, The
GPS positignkng svstem acgording to any one .o g{ I 1l to wherein t he
robi | e st 8¢ 1R pEiEOBE! PRfHariiith, el s BRaRle, SoR0E 4y dfd Snel R and a
receiver %&ﬁhﬁﬁ%?&he' 7. A data server for CGPS positioning, conprising: a
communi cation Tnterface that receives positioning data froma

Note that the positioning data in this case is a generic name of data
of a format defined in satellife survey, which is data that could be dealt with
such as receive data or positional information after analysis. Binary data,
text data and the like are included as a format.

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

(1) Initializing and setting the mobile station.

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

At this point, communication setting, confirmation of communication
condition, or the like is performed between the communication means 22
equipped on the mobile station 1 and the communication interface 7 for the
server 3.

(2) Single positioning is performed receiving radio wave from the
satellites 8 while the mobile station 1 is moved based on the positioning plan.
The positional information obtained by the single positioning basically has
an error of 20m to 100m.

The mobile station 1 transmits the positioning data obtained by the



19 nmpbil e stati on whose positional coordinate is measurable by receiving
radio wave froma satellite; a line interface whose positional coordinate
is fixed at a known point, and that receives positioning data froma
plurality of fixed stations that recei Vi radio wave fromthe satellite;
storage neans that stores data regarding correction; and arithnetic
processi ng neans t hat reads out suitable correction data fromthe storage
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the posmonal coordinate. At this point, if the optical axis direction of the
photograph means is detected and transmitted together, it can be treated as
landscape from a positioning position.

(3) The data server 3 receives the single positioning data transmitted
from the mobile station 1 via the communication interface 7.

The data server 3 receives the correction positioning data, which has
been obtained by receiving radio wave from the satellites 8, from a plurality
of the fixed stations 2 via the first interface 6 for external line.

The correction positioning data is generally in the ‘CMR’ format
where the receive data and the positional coordinates of the fixed stations 2
are combined.

The data server 3, in the central processing unit 4, selects the fixed
station 2 arranged in an appropriate position for the current position of the
mobile station 1 based on the positional information in the positioning data
from the mobile station 1.

On selecting the fixed station 2, the processing unit 4 transmits the

reference data, which has been received from the selected fixed station 2 via
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data relevant to the positional information of the mobile station 1 from the
storage unit 5.

The reference data read out is transmitted to the mobile station 1
together with the correction positioning data from the fixed station 2.

Type of the reference data read out is selected according to the
positioning operation. It may be set before the positioning operation, or
may be determined according to the environment condition or the like
assumed from a request from the mobile station 1 and a sensor output from
the mobile station 1.

(5) The mobile station 1 receives the correction positioning data and
the reference data from the appropriate fixed station 2, which have been
transmitted from the data server 3, analyzes the correction positioning data
together with the positioning data obtained by the single positioning, and
thus more highly accurate positional information of approximately 10mm
can be obtained.

Moreover, by applying the reference data to the positional
information obtained in this manner, even more excellent result of the
positional information or the like that conforms to the Japan geodetic system
can be obtained due to the correction regarding the geoid. Since the result
obtained at this point is the same geodetic system as a survey result by a
surveying instrument having a bench mark or the like as a reference, the
results can be easily compared with each other.

- The result obtained is stored in the storage means equipped on the

mobile station 1, and processing such as creating a map may be performed
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0% T&! O - B7ﬂ7@ﬁi&88w$ﬁn\fn@asurement is impossible due to arrangement state of the
satellites 8 is set upon checking an obstacle (ionosphere 29, for example) is
actually at the site of positioning operation.

Further, since the mobile station has data regarding the satellites 8
and can predict the state where it loses track of the satellites 8, it calls
attention to the operator beforehand.

In addition, the system constantly monitors server’s 3 own operation
status, the system detects any trouble if it occurs on hardware and software,
and its information is transmitted to the operator of the mobile station 1 via
the communication means.

For example, even if a trouble occurs such as reaction delay due to an
increase of data processing amount in the server 3 and shortage of the
correction positioning data due to deterioration of line environment, the
mobile station 1 receives it as information to display on the display unit or
inform it to the operator by blinking of an indicator, an alarm sound, or the
like.

The operator, by obtaining the information earlier, can easily take
countermeasures to the status.

Furthermore, the data server 3 acquires the weather information
obtained from Japan Meteorological Agency and geographical information
obtained by a GIS or the like via the external line, the information that

corresponds to the positioﬁ of the mobile station 1 is transmitted to the

mobile station 1 via the communication means 11.
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element an optical system that allows incident light to form an image on the

receiving plane of the CCD imaging element, and an arithmetic control unit
that processes the image formed on the receiving plane of the CCD as image
data.

The image data is subject to compression processing taking in
consideration load to the line during transmission, and transmitted to the
data server 3 together with the positioning data via the communication
means 15.

Further, photographing conditions at this point is converted into data
and may be added to the image data when it is transmitted.

Additionally, if the positional coordinate of the positioning data
transmitted from the mobile station 1 is remote from any of the fixed
stations 2 connected to the data server 3 for 10km or more and the correction
positioning data cannot be transmitted, the data server 38 transmits
information regarding the ionosphere 29 and weather that correspond to the
position of the mobile station 1 together with the correction positioning data
from the nearest fixed station 2 upon selecting the correction positioning
data from the nearest fixed station 2. Accordingly, the RTK survey can be
performed because the influence from the ionosphere 29 is eliminated.

F1G. 5 shows the process flowchart in the data server 3 of the present
invention.

Examples of data (information) to be transmitted are as follows.

- The atmosphere model data |

- The geoid correction data

- The satellite positional information data
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080 as information that supports the positioning operation.

According to the present invention, the data server can provide the
position of the mobile station based on the single positioning and various
data in accordance with environment for the mobile station, and highly
accurate measurement can be easily performed.

At the point of the RTK survey, appropriate reference data can be
obtained in real time corresponding to the observation point. Therefore,
highly accurate positioning operation without failure can be easily
performed.

When data regarding the geoid correction is obtained at the site of
positioning operation, correction regarding the geoid, which has
conventionally been processed after the positioning operation ended, can be
made at the positioning operation site. Accordingly, the positioning result
concerning the Japan geodetic system can be checked at site. Further,
verification is easier if other survey means is available.

Even if a problem occurs in the positioning result, the problem can be
recognized at site and response such as re-positioning is easy, and the cause
of the problem can be identified easily.

On the other hand, when information regarding the satellites can be
obtained at site as well, not conventional setting based on an uncertain
element such as a predicted obstacle but setting of the time that is not
suitable fbr positioning operation can be made based on an obstacle actually

checked at the positioning operation site, and thus a mistake and a problem
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Furthermore, when operation information of the server, various
kinds of information regarding the current position of the mobile station
such as cautionary information concerning weather and information
concerning adjacent facilities, for example, can be checked as information
that supports the positioning operation at the positioning operation site, the
positioning operation can be performed certainly and load of the operator can
be lightened.

Moreover, when transmission of the atmosphere model data as
information regarding the ionosphere and weather depending on the position |
of mobile station is made possible, the correction positioning data from the
fixed station is not limited to a reference possible range that is within the
radius. of 10km around an effective fixed stai;ion, which has conventionally
been regarded as the range Where. the RTK positioning is possible, and thus

highly accurate RTK positioning can be performed.
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CLAIMS

1. A GPS positioning system, comprising:

at least one mobile station to measure a positional coordinate by
receiving radio wave from a satellite;

a plurality of fixed stations that have predetermined positional
coordinates and receive radio wave from the satellite; and

arithmetic processing means, which is connected with at least one
mobile station and a plurality of the fixed stations via communication, and
that transmits correction data suitable for the mobile station to the mobile
station based on positioning data transmitted from the mobile station.

2. The GPS positioning system according to Claim 1, wherein the
arithmetic processing means transmits reference positioning data from an
appropriate fixed station, which is selected out of a plurality of reference
fixed positioning means, based on the positioning data transmitted from the
mobile station, together with the correction data.

3. The GPS positioning system according to aﬁy one of Claim 1 and
2, wherein the correction data is geoid correction data.

4. The GPS positioning system according to any one of Claim 1 and
2, wherein the correction data is satellite information data.

5. The GPS positioning system according to any one of Claim 1 and
2, wherein the correction data is the atmosphere model correction data.

6. The GPS positioning system according to any one of Claims 1 to 5,
wherein the mobile station is used for kinematic positioning, in which an
antenna and a receiver are movable.

7. A data server for GPS positioning, comprising:

a communication interface that receives positioning data from a
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and that receives positioning data from a plurality of fixed stations that
receive radio wave from the satellite;
storage means that stores data regarding correction; and
arithmetic processing means that reads out suitable correction data
from the storage means and transmits the correction data to the mobile
station based on the positioning data received via the communication
interface. |
8. The data server for GPS positioning according to Clgim 7,

wherein the mobile station is used for kinematic positioning, in which an

antenna and a receiver are movable.



