4 OCTOBER 2005 SPECI FI CATI ON  SATELLI TE PGOSI TI ONI NG SYSTEM TECHNI CAL FI ELD
OF THE I NVENTI ON The present invention relates to a GPS posit)eTHBER 2bEs"
(Satellite positioning systen) in which a positional coordinate can be
found by receiving radio wave froma satellite, and a data server for GPS
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 a
reference point whose positi on@PEEIFIGATION| s known and anot her pair of
novabl e antenna and receiver perform neasurenent in a short time while
sequentially noving anong a | arge nunber of survey points. There exists a
real -time kinematic positioning (hereinafter, referred to as an RTK) as a
devel oped type of the it Ly PO ITIAINH ESBEMi s  a positioning

met hod where a position being a nmeasurenment result- can be obtained in a
real -tinme. As shown in FIG 6, a fixed station 2 that consists of antenna
and receiver is arranged at the reference point whose coordinate i s known
and a nobi| e BESHNICAL RAELELOE THE BN na and a receiver perforns
measurement while nmoving it sequentially. The RTK sinultaneously receives
radi o wave frohhe pseserd] invengfon eelatds| o 261S \nosmqmegfsyﬂﬂn@a{etlbhe 2 and
the nobile station 1, analyzes positioning data in the nobile station 1
ref erri npositioping t3ystemy Hatwhicdkbtaainesitionalt geordinate stas ben foundinely t hus a
rel ative coordinate fromthe known point of the fixed station 2 to a
nmeasur enkgreipoe redyd wave friomi a satelliteogndserRabmeerver 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
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.

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 cdordinate from the

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



station 1 i medi ately can be found. Further, for transm ssion of the

poi soning data fromthe fixed station 2 to the nobile stati OJ‘Odeﬁﬁﬁ"geO@f
transmtting data fromthe fixed station 2 by particular frequency radio is
used. Specifically the fixed station 2 was provided with a radio
transmtter (one having the frequency of 400MH#z and the output of about
10mVN for exanple) to transmt constantly the positioning data, and the
nobi | e sttatibnrl imwadiatgly ppedeviothda radi o recei ver capable of receiving
the transmtted radio wave, and thus it has been able to refer to the
transmtted pdlintheniferytrasmigsiomefdbe. pofrorting datthdromaihe, fixad stafiaresul t  of
the GPS requires various kinds of correction according to a geodetic system
and envi% tmthenmobSeettation Lonethad ohtrianemitting dats feamabeffotadosiationl) Geoi d
correction (Correction of the geodetic system) Geoid is ~One that matches
mean sed bﬁwtioulardfeqm@@qtﬁfgotiemltseél pecifiga By dhetfieedgstadiony2 ofag he
Earth'. Height used in public survey in Japan, that is, the Japan geodetic
syst em ipromiied with 2 sadtvatriangmibter fene hewing the frequgasy ¢f 400Mde Tokyo
bay as a reference. On the other hand, one that the GPS uses as a reference
i s the Hhet Qutpit igfs @bout WEBHEW) | foandxampléleitghtransmi fconsidntiactsy syst em
is the height fromthe ellipsoid surface as well. The Japan geodetic system
and t he pas8isaingydatenandthe maebile statiomre hovaskrpuippediwith earadie geteiver ons

bet ween them as | arge as_about 50min _hei ght depending on an area.

Ther ef orcapablecoforesevang thy srapsmitded r@@IOU@aV%cﬁngh‘éﬁlﬁ obert able tse a

posi tional coordinate obtained by the GPS survey as the survey result in

t he Japdiefedodde ranymited posHdeningedafasisinepdedt i ne unevenness, an
approximate ellipsoid of. revolution is 9enera| |y fitted to the Earth's
surface, whi ctPnshe gther handrsapwey gesult of the GPS requires various kinds of

correction according to a geodetic system and environment.

Specific correction items are listed as follows.

(1) Geoid correction (Correction of the geodetic system)

Geoid is ‘One that matches mean sea level out of the equipotential
surface of the gravity of the Earth’. Height used in public survey in Japan,
that is, the Japan geodetic system is an elevation having the mean sea level
(geoid surface) of Tokyo bay as a reference.

On the other hand, one that the GPS uses as a reference is the Earth
ellipsoid (WGS-84), and the height to be found (WGS-84 system) is the height
from the ellipsoid surface as well.

The Japan geodetic system and the WGS-84 system have the
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 OCTOBER 2005 ellipsoid, and the distance of a perpendicular to the

ellipsoid is generally set as an ellipsoid height (h). Note 4heeTOBERBRDSE!
ellipsoid is used as the reference ellipsoid in Japan. Incidentally,

assuming h is the ellipsoid height and His the elevation, it follows that
“h=H+N (refer to FIG 4), and Nin the equation is called a geoid height.
Accordi ngly, the elevation H can be obtained by subtracting the geoid

hei ght NeHinseidlendthe digrnceef gmernendtcezilaavétpéseelﬂ@squriaﬂmwg. The
geoi d height and paraneter for coordinate system conversion are found for
each are&$ anelbpsaBt height(lhe NpdoitdraiethghBessrl elhipseisoiuiusadeas ébaver si on

paraneter that correspond to the area, positional coordinate value that
conf or merefgrence dlipamdygbderar. syst em can be obtained fromthe positioning
result by the GPS.. (2)_ Information regarding satellite Although satellites
used for the GhEifeyptalbeessuminghda the etlaneod feightand Hiigdheglevatiamei r

exi stence density or the like is scattered. In the case where satellites
gat her i tllosrs {]%fht SHnNafrefex yo F 1&ned), ingniNain tie eanationnis eadledrawor ds,
when the positions of the satellites whose radio wave is receivable in the
al | - sky geeiddreight-but ed unevenly, measurenent accuracy in anal yzing a
nmeasur enment position deteriorates. Furthernore, when an obstacle or the |ike
exi sts around fgeorsanglynthe elevabiop Hlicea hmgbiained by subimaskingtheagfod wave
cannot be received depending . on the tinme. Conventjonally, before setting
out for BergiNferertecnbpatiidieiehtrahighinky tht GERmPPEHOBIE ne GRS
satellites has geen p%ﬁcteg};ed on a personal conputer or the |like after the
obstacl e vi ewedDeZsidhenidand paametss; ior coprdingieiysten CoRRaripR&rehe tine

unsui table for. the measurenent . .
}"oundO for each area, agg r]by obtaining the geoid height and the coordinate

conversion parameter that correspond to the area, positional coordinate
value that conforms to the Japan geodetic system can be obtained from the
positioning result by the GPS.

(2) Information regarding satellite

Although satellites used for the GPS have been launched to cover all
over the Earth, their existence density or the like is scattered. In the case
where satellites gather in a portion of an all-sky viewed from an antenna, in
other words, when the positions of the satellites whose radio wave is
receivable in the all-sky are distributed unevenly, measurement accuracy in
analyzing a measurement position deteriorates.

Furthermore, when an obstacle or the like exists around the antenna,
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



3 4 OCTOBER 2005 operation had to be set. (3) Information regarding

i onosphere and weat her Furthernore, since the RTK perfornms angl¢y6t6BERZDA5ON
radio wave fromthe satellite, which is received by both of the fixed
station and the nobile station, the influence to the accuracy of a

coordi nate value found by the analysis beconmes neasurable if the condition
of the ionosphere and the atnosphere, in which each radio wave passes until
it reacheRrerg nli‘bﬁ(ﬁﬂbeéﬁ‘énges considerably. For this reason, taking in
consi deration the tcﬁ)gndi tion of the earth viewed fglomthe satellite, a range
havi ng the radBddniormatnn regaeding negrherpand Wepthesiion is general Iy set
as a range in Mitﬁg t he co_nditj_lonﬁlf{ thg ionos?herg an thequt nosphere, in
whi ch radi o wal/ertnesmoreesinge she i RAFs¥E3S analyay) 2484 oo HEBOSWIBEE anti al | vy
the sane, This range is a.range where, the bile station can refer to the
pr edet or troRothe [Sagel e aprien 1§ H@F%‘i"ﬁéf?%rb,(’tgo?f: Kar Taes Pl oo PR He r ange)
to mai ntai n_neasurenent . accuracy as the RTK.. Consequently, a, correction

val ue fomogﬂmsﬁéﬁee, the ifiuence: Wethe aesuragy of g cqqxglm%ﬁ@o%ﬁiﬁérf@uaﬁcbx he

at nosphere in the route, where radi. ve passes,. until it reaches the
carthe i §ha RS PREPTRGs BRARUFRINFITE the Sonation A6 thhiane erPRhERS t i oni ng
can be perforned even outside the fixed station reference range. rrection
fons condRsTANEget Ho VEBIGH L ren esaf%%%@

i $3Gh TBf10; M@ VieoPREsh et are
called "The at rmsg&ere nodel ' . Specifically, it corrects the traveling
di rect i off*3HEFS19B eF"T"}é]rye_nce in speed of radio wave caused by the condition
of the at mephare LAl exhot g el YR e, 331 Shl il S lREY i O

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



and the nobile station), which is the density or the like, for exanple. By 4
4 OCTOBER 2005 applying "the appropriate atnosphere nodel' be4 OOTOBER 2005
satellites and the nobile station and the fixed station severally,

propagati on speed of radio wave can be accurately known and the accuracy of
positional analysis for the nobile station can be thus inproved. Correction
regarding the weather information js also [nportant . to in\prove pqsitioning
hoour acyRREIYE T | RPTORE St BALOSPhoTe Bade! BetEERithE BEHes BRd the he GPS

has not be erforne uri.ng.t he positionjng operation, but Lt has
gener al Iwoﬁﬁﬁnﬁabpgpﬁ?gﬂ’ﬁe 168@ str%ﬁE‘ng%ervéf? gﬁ%’g’ A aRAE: n(’}énm ¥rrection

has been nade t data after the jtioning operation. However, ynlike
Crati o PBATE FoR PRGHOHT HGLHBRO 70 The Er AN L ARaLHionH) appadcthe

posi tioni ng..haying the prem se that ,the positioning operation is perforned
whi |l e nd¥P ’g];etsg%tlg’ﬁtcéﬂrli’&t USIRPIPYGE- been many cases where positioning

operation was gdifficult at poi.nt where positiaqgnin s .original]ly planed
or where an opSPEPEHOR JeEATdiSE Het WAATBST BRPTIAHPR A Al HBPOFERE t0

environnent and the condition at an.operation site because they are

di f fi cul'fRRIGVEROGHEY M EBARTCHERYY dher B BT dMN%m is found in the positioning
sl o2 2 st BELT L ALORSOIASENLEn 2 e RS RuEralg e 1
cause | PUEEF BFYEo HEpPENtanbH NRPreHEtyth tbii g SRR Gt
e O T BORA e BL sRSEr Ao PR B b S VB 1 ey
of the reGel Melr MRS pSSHShISE bRl Ousl Y
However, unlike static positioning performed by fixing the antenna,
in kinematic positioning having the premise that the positioning operation is
performed while moving the antenna, there have been many cases where
positioning operation was difficult at a point where positioning was
originally planed or where an operator could not deal flexibly with changes of
the environment and the condition at an operation site because they are
difficult to predict.
Further, when a problem is found in the positioning result as a result
of performing correction 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.



synchronize with a transmtting frequency of the fixed station to be
referred to before the positioning operation. 5 4 OCTOBER 20 er
hand, in the case where the positioning operation is perforngg)&b?iegz@}%
a fixed station had to be newy installed or the positioning operation had
to be performed with reduced accuracy when a planed point of positioning is
off fromthe fixed station reference range. Mreover, there exists a
“virtual refer@ncthesbihérohandetihothe passhivblere thghpgsioning@bpeRitkorda be
perfornmed even outside a reference-possible range of each fixed station.
However , p¢tfermedremnudher BldE eachxed sttatinh hddittoi se anewliyr insthlld xexd the at i on
must be set in advance in a predeterm ned range set by a plurality of the
fi xed stpositiosin@ogetrateen tead tofbed perfovineduwithr eédnentc accstagyi wheni g
substantially the same as that of the foregoing fixed station. SUMVARY OF
THE | NVENEREN pdiat obpesitioning e offfesartheifimednttation ferenpeovande. a GPS
positioning system (Satellite positioning system that can deal flexibly

wi th a change Moreavrerpphert existsiat wirthehrefeeersiet statont methed Bt witieh poi nt  of
positioning operation, and a data server for GPS positioning. The sol ving
means of highdy preeseate IRMN¢drobel perfosmedbexkr nutside & aredepeineg-poisaibie. BRI EF
DESCRI PTION OF THE DRAWNGS FIG 1 is an entire view of a GPS positioning
syst em acagedofrepchofized startbodi ndowewér, the priesd meferauensiagimn’ Ehat ivai s a

vi ew showi ng the basic concept of the present invention. FIG 3 shows a

st at us whigtwalt figedPS tpos nudiensetsipsadrangedoralpredatermame & nvogk rethby of t he
present invention is used at a site. FIG 4 is a view explaining geoid
correct i anplurality of the fixed stations, and treatment of the ‘virtual reference

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.



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

I nvention. FIG 6 shows a conventional GPS positioning syste

2005 DESCRI PTI ON OF EMBODI MENTS The preferred enbodi nents of qg@@rﬁ?ﬁgﬁ
will be described as follows based on the drawings. FIG 1 is the entire
configuration view show ng an enbodi nent of the satellite positioning
system according to the present invention. The satellite positioning system
accordi ng to tDESORIPFION QVEMMBODEMENESs of at | east one nobile station
1, a plurality of the fixed stations 2, and an arithnetic processing unit
(a data servelTly prefdreedEmbodiomrdst efdtheviinmentiennwill Ike deatribed Jasand t he
fixed stations 2 via communi cation neans. The data server 3 consists of a
central followedsisad omnlte drawaingsor age neans 5, an interface units 6, 7 and
the Iike. The nobile station 1 has: a receiving antenna 20; a receiver 21;
comuni cat i on Fiéhrsis2hecapate eondigurationaye wahoswing sin embodinhen thef thet a
server 3 (or an interface connectable with the comuni cati on neans); and

di spl ay smbellite (positiatiogsystapascerdihg do thé pyesaptvuaventisnki nds of i nformation
for the operator. The receiver 21 of the nobile station 1 has storage neans
(not shown) tThe satedlibs pdaitivrsng syabtern haccpodingi tnithey pdesemtaimaeatiainy si s
result, and additionally has the display neans built therein. These

equi prercoasiséy of apdeashphe mpokile Ktathen 1t heplyelity of thafixedr sbatiomsn?.and are
capabl e of operating independently using a battery as a power source.

Al t hougtardd apheritkmletireprnegasipghaniteray data genearaBl prefepablys cohaepledt ery, a
physical battery by an electric double |ayer capacitor (Energy Capacitor
Syst em) Wigh the mobile station 1 and the fixed stations 2 via communication means.

The data server 3 consists of a central processing unit 4, a storage
means 5, an interface units 6, 7 and the like.

The mobile station 1 has: a receiving antenna 20; a receiver 21;
communication means 22 capable of two-way communication with the data
server 3 (or an interface connectable with the communication means); and
display means (not shown) capable of displaying various kinds of information
for the operator. |

The receiver 21 of the mobile station 1 has storage means (not shown)
that stores data such as the positioning data and analysis result, and
additionally has the display means built therein. These equipments have
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



desirable due to a stable output and a lifetine because perfornmance
deterioration is small as well. Further, a sensor that detecti Jﬁiz
condition or a CCD sensor having an optical system which ph Pyé?)tf ??‘Pe
site of positioning 7 4 OCTOBER 2005 operation to obtain as inage

I nformati on al so can be equi pped. Data obtained by the sensors can be
transmtted to the data server 3 together with the positioning data via the
conmmuni cideration®anbtaisad hreageuhforemdtidooslsb andss equippedg operati on, the
antenna 20 is installed on the rod nenber 23. The rod nenber 23 has a

bubbl e tube dapabdletadhed by abici sepspey anbe trdrsmityed to thieldatd seperidist al | ed
accurately on a vertical line of the neasurenent point, the antenna 20 can
be i nst abketheyrwithstheuppétioring datadviatthelcowenuanchtion peamsed so as to be
installed accurately and easily on the positioning point. The | ower end of
the rod nenberA®3hé equipeetitofortthe pesitivhirg ogepstiod, tHe apbemtaidd ihe

per pendi cul ar state by the bubble tube or the like, and thus the antenna 20
can be anstalpel oacthy abd ety e23.heTheo sotli meinitgerp @B ias Ahbubbbleetiilsd ati on 2
has: a receiving antenna 17; a receiver 19; and conmmunication neans 10 that
t ransm tcapabie ef déetestipgspdripendigladetyin obdex fockle bystalied pesitdtely ng 4 o t he
data server 3. The fixed station 2 is arranged on a poi nt whose positional
coor di natezticablikaofhhé meastirgactnigponet, the antenves 20adndenmstealied ontibe
satellites constantly or periodically, and obtains the correction

posi ti onipuerdaidy and g ldimey and inpoalteddo pasia bennstBhlledcarmmmatedmtarah nmeans
10 transmts the correction positioning data obtained to the data server
const antdagilyrorpthié pasitianiyg pbintt he conmuni cati on neans 10, since the fixed

station 2 is arranged
The lower end of the rod member 23 is placed on the positioning point

to maintain the perpendicular state by the bubble tube or the ‘like, and thus
the antenna 20 can be arranged accurately above the positioning point.

The fixed station 2 has: a receiving antenna 17; a receiver 19; and
communication means 10 that transmits correction positioning data
obtained by the positioning to the data server 3.

The fixed station 2 is arranged on a point whose positional coordinate
is known in a fixed manner, receives radio wave from the satellites
constantly or periodically, and obtains the correction positioning data
regarding an installed position.

The communication means 10 transmits the correction positioning
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



at a known position in a fixed manner and the neans 10 is capabl e of

comuni cating the correction positioning data in high-speed, -
connection line such as a WAN and an exclusive line is preferg&@wg%ﬁ]@ﬁg
vi ewpoi nt of speed and stability. Further, the correction positioning data
of the fixed station 2, which 8 4 OCTOBER 2005 is transmitted to the data
server 3, is generally transmtted on a data format called a CVR where the
recei ve thatrankndbiedhte thatddthiseewerd3,dngenbralknramsndtteddimatdatadpemadnbi ned.
In the case of the CRM it is referred to when the position of the nobile
stati on talled an€MReshhirgbhy racaive ataghyfrom thee s&EKi{rss8 tdrohithe kikdven dat a
server 3 consists of the central processing unit 4, the storage unit 5, the
i nt er f aceoardihatieBaireconidned. t he comuni cati on nmeans 10, 15 and the like.
The interface unit includes: an external line interface (first interface 6)
that is in an hhwhgsease cotineRMp istiatrefarnedrtdewhén thecpositioposf theni ng
data fromeach of a plurality of the fixed stations 2; and a comruni cati on

i nt er f acemdbilecstadionnt & dnalyz@d higigstd ceundtel yvin ey RIGOpusitioatingn in order to
transmt/receive data to/fromat |east one nobile station 1. The first
interface 6 foThehdaextservexrl 3| comsists obrihectentral proeesstggmmit cét the neans
10, which is between the interface and the fixed station 2, in order to
recei ve storagemumetch) tire imberfacennitgthodtcansects the gomrhenichitioedmenasildy 2.
Furthernore, the first interface 6 for the external line is capable of
connect i f anal thenbkewr k such as the Internet other than the fixed station 2,
whi ch enables it to comrunicate with a personal conputer or the like in a
renote place vThetihterfa¢enenit includes: an external line interface (first interface

6) that is in an always-on connection state in order to receive positioning
data from each of a plurality of the fixed stations 2; and a communication
interface (second interface 7) capable of two-way communication in order to
transmit/receive data to/from at least one mobile station 1.

The first interface 6 for the external line is connected to the
communication means 10, which is between the interface and the fixed
station 2, in order to receive the correction positioning data sent from the
fixed station 2.

Furthermore, the first interface 6 for the external line is capable of
connecting to a network such as the Internet other than the fixed station 2,
which enables it to communicate with a personal computer or the like in a
remote place via this line.

The second interface 7 for communication is used for receiving the
positioning data from the mobile station 1 and output data from the sensor
equipped thereto and for transmitting the correction positioning data and
reference data from the data server 3.

As a receiving function, transmission/receiving is performed between

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



The second interface 7 for conmunication is used for receiving the

positioning data fromthe nobile station 1 and output data frg%é@ésgﬁgg
|

equi pped thereto and for transmtting the correction position

reference data fromthe data server 3. As a receiving function,

transm ssion/receiving is perforned between the comunication neans 22
(FIG 3) of the nobile station 1 and the 9 4 OCTOBER 2005 communi cati on
means  1kosumhnamtiomporeaais &l sechiasah portakleviersdinglk ahdANa wignlesstledNt 0 t he
data server 3 with a line 12 as showmn in FIG 1 for exanple, and between
t he commanneciteddo theatataxerierB ydél a ine A8 aspthidven tn & God for example,
communi cati on neans 32 connected to the server 3 wwth a line 31. The nobile
st ati on and ketvess thadommanieatioonmehes 22 wcdudebirsthe nobidé stathen 1
positioning data. Alternatively, the nobile station 1 receives positional

i nf or matanshcatatmimiehtioh ahezhs 32 zoshegied todheegrpass avidn atliee Bdsi iheni ng
data. As a transm ssion function, the interface 7 transmts the correction
posi t i omhobjlelatationsbdresaivieseratisi waveifrgmddhe satelhiten Sippr dphaiimt thef | xed
station 2, which is used for analysis, to the nobile station. Further,

r egar di mpsitieningndata.c afltematizeky, thei mobile stadinmudi cacdives ipusetiénale 7,
since positioning is perfornmed while the nobile station noves within a
survey rnafgymatieardateagalbilated ini actioyde methnhbeatd om thewposifjoning
comuni cation) such as a cellular phone, a PHS (Personal Handyphone Systemn)
and a widadhess LAN is desirable. Incidentally, time lag at the point of
anal ysis in the nobile station 1 can be mnimzed when high-speed

comuni cat i on Afearfsansmigséon dunetien, Buninteriaseiotransaiss the cpmeection: r al

processing unit 4, receiving the positional information of
positioning data based on the positioning data from an appropriate fixed

station 2, which is used for analysis, to the mobile station.

Further, regarding the communication means 11 in the
communication interface 7, since positioning is performed while the mobile
station moves within a survey range, means capable of wireless
communication (two-way communication) such as a cellular phone, a PHS
(Personal Handyphone System) and a wireless LAN is desirable.

Incidentally, time lag at the point of analysis in the mobile station 1
can be minimized when high-speed communication means is used as the
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
suitabie for i:he 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
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the nobile station 1 fromthe positioning data of the nobile station 1
obtai ned via the communication interface 7, selects one fixed,s] ' % st
suitable for the nobile station 1 based on the positional i nf%r(’t %lﬂi 8
transmts the correction positioning data received fromthe fixed station
selected or the reference data corresponding to the positional information
to the nobile station 2. The storage neans 5 is capable of storing flexibly
vari ous rgeivell f¥bnOFHBERHBOStatori Veahd rvariduse imfobidaticsi ari the liland
various information or the like regarding a person who perforns positioning
oper at i oregardirgr aspeérsoat Whio pétfarmdgicitienie®s apyratoon thd prosassithgr on t he
central processing unit 4. Specifically, it stores a survey operation
range, ethdn dan®niedessarfyoforatherprotessite omobhé eeatwdli procegsihgeuhitkd, ot her
than the positional information of the fixed station 2, the positioning
data to Bpedifically dtlstorpsl atsievpp dpbratidmganiad, @nvironthentad shioranetion bf or mat i on
fromthe nobile station 1, and they can be wutilized |later. Note that the
posi ti onfgmibdile statiohi 6r ¢he dilies odhgetiedn cheapesitiénaairdorahtionf of theé def i ned
in satellite survey, which is data that could be dealt wth such as receive
data or figed biatien 2| tli®©positiomingfdats tamel eseivedBandrthedadsitionigxfatiat a and
the like are included as a format. A specific survey operation will be
descri besk blas qbsitiomalpirebemnédn foanmphe. mobile |sthtioal 1 zang g sshtbeg t he
nobile station. Wth the operation procedure of a general kinematic survey,
t he nobitikized kdtieon i s arranged at the reference point to perform
initializing operation. At this point, conmunication setting, confirmation
of conmmuni cat iNote that the positioning data in this case 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 analyéis. 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

11



condition, or the like is perforned between the comruni cati on neans 22

equi pped on the nobile station 1 and the conmunication interf
server 3. (2) Single positioning is performed receiving radi oiﬁ%{pé'ﬁ%tﬁopge

satellites 8 while the nobile station 1 is noved based on the positioning
plan. The positional information obtained by the single positioning
basically has an error of 20mto 100m The nobile station 1 transmts the
posi ti onsinglelavsituning tedhbylathesetvierd3 @ETUBERIRONNISAIghenpass B2onAbg to the
data server 3 via the comuni cation neans 22. At this point, the
posi ti onthig ot themiositi ominghdatasksnteremattheomobile statiamdnisttradsmitted f or mat
cal l ed an NMEA standardi zed in the GPS. Furthernore, when there exists
i nf or mat onra folnatattdadl edears DiM EdgstiapdeddizedtihehedbPSe st ati on 1 has obt ai ned,
it istransmtted to the data server 3 together with the positioning data
i f necessary. Furtherangeg, wihent hthereasaisté phivromptaphethatnatfe deensoof
phot ogr aph neans that consists of the optical systemand the CCD sensor,
whi ch hasqbippedoint she esohibegystateon Wihds obtiaénedsit tis dramygmittéd to thgdatlat a i s
transmtted after correlated with the positioning data, and thus it can be
treated aervens tolgetlugr wjthetdhei pasifionimg data ifostessannl EFomexhimales in Ahet hi s
point,, if the optical axis direction of the photograph neans is detected
and transase veghotagrahbed imageadatseof pbatagtapb meanddbapeonsists af pbei ti oni ng
position. (3) The data server 3 receives the single positioning data
t ransni t ppticalf systewhanddbe| €CE sensom, whi¢ka hiahdeconohinined tegether avithice 7.
The data server 3 receives the correction positioning data, which has been
obt ai nedthy nosttéoningg thadimagedathr tmtransmidted |afters carelateth withl thal ity of
the fixed stations 2 via the first interface 6 for_external _|ine.

positioning data, and thus it can be treated as the photographed image on

the positional 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 arrangewd 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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The correction positioning data is generally in the "CVWR format where the
receive data and the positional coordinates of the fixed stat)

conbi ned. The data server 3, in the central processing unit 4‘?'6@0;35@@1%
fixed station 2 arranged in an appropriate position for the current
position of the nobile station 1 based on the positional information in the
positioning data fromthe nobile station 1. On selecting the fixed station
2, the phedestiinterfimiet 64as thasnitestioneinformhatiencd thet pointinf groskiasndleen
received fromthe selected fixed station 2 via 12 4 OCTOBER 2005 the first

i nt er f acmadysiaso the noabilestation viaf thensecpod interfaee ‘poi nt of positi onal
analysis to the nobile station via the second interface 7. (4) On the other
hand, the proéésOnntheuntherdhamd,ddheoptocesringafrdt dnosadsde tathreetaferaricet o t he
positional information of the nobile station 1 fromthe storage unit 5. The
r ef er enclatdaelevaadtodiite pesitionab mformation ohthendpbile stiaditonoh flomtthget her
with the correction positioning data fromthe fixed station 2. Type of the

r ef er encéondgeamiéad out is selected according to the positioning operation.
It may be set before the positioning operation, or may be determ ned
accordi ng to fllhe eeferemoendata ceadiiontds toansimattedkio thes snohsle stadinm 1r equest
fromthe nobile station 1 and a sensor output from the nobile station 1.

(5) The togefiblez withitherotractioni passtiomimgcdatadromothebsed stationg2data and the
reference data fromthe appropriate fixed station 2, which have been
transmitted flomwet b that referancer data graflyouts is treleased eatdondingo$¢ tiheni ng dat a
together with the positioning data obtained by the single positioning, and

t hus norpesitiqing epsratwne pdsiayohelset rﬁﬁf@lrﬁatl}:@)rpo@itlaly@rgoﬁpﬁmﬁm oromm

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 h‘ave 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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can be obtai ned. Mreover, by applying the reference data to the positional

I nformati on obtained in this manner, even nore excellent resul

positional information or the like that conforns to the Japan43)e§‘t0%$E§2°°5
system can be obtained due to the correction regarding the geoid. Since the
result obtained at this point is the sane geodetic systemas a survey
result by a surveying instrunment having a bench mark or the like as a

r ef er encaftert hhe apesativs eadedaneasothercplapar eBunilidr, éhe rrootmanicafim r esul t
obtained is stored in the storage neans equi pped on the nobile station 1,
and procmssns@ %ol bhagmebidatstagorn Inamyntranseip ghieodatads ar¥en 3007 OBERT 2005
after the operation ended in another place. Further, the comunication

means 22pasfitiohimgmdsiulietss glaonwhenaproceasisig cant be pdefoamedr ver 3 or ot her
positioning result to a place where processing can be perforned. In the case
wher e the ref dnetheecatatwthexe thae vefererwerddatagstdadasanedrningshe 8atalhides i me when
measurenent i s inpossible due to arrangenent state of the satellites 8 is
set upor8,chedkinegvhen ohetsaokemefitasanpoesiblodue torrexngepen)t state attheal | y at
the site of positioning operation. Further, since the nobile station has

dat a r egratdilitgs tthis sait epdn tchecl@ingamml obatache édnosphére 23,dfoe exaerme) is | oses
track of the satellites 8, it calls attention to the operator beforehand.

| n addi taabnallyad thestitnofcpestianing/openatioor s server's 3 own operation

status, the systemdetects any trouble if it occurs on hardware and
software, and'utther,rdincerdhe anobhide statienrhias aliita reghedingethet satebitesife nobi | e
station 1 via the conmmunication neans. For exanple, even if a trouble
occurs sadhcan peediet dhe ddpte vwheret d leses ithacke @f dhef satallitepribcdsedllyy anmount

in the server 3 and shortage of the
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 position of the mobile station 1 is transmitted to the

mobile station 1 via the communication means 11.

14



correction positioning data due to deterioration of |ine environnment, the

nobile station 1 receives it as information to display on the,q '
or informit to the operator by blinking of an indicator, an4g#§f¢r$§8t#¢hg

or the 1like. The operator, by obtaining the information earlier, can easily
take counterneasures to the status. Furthernore, the data server 3 acquires
the weather information obtained from Japan Meteorol ogi cal Agency and

geogr aphi cal iOu dheratothen haiod,atheethdbjleast@t®rod ¢dre bei dprippad twighesher nal
line, the information that corresponds to the position of the nobile

st at i on phategtapngneansd Thet photogoabhemenasi emsistgi of wh€ EBnimagg i on
means 11. 14 4 OCTOBER 2005 On the other hand, the nobile station 1 can be
equi ppecelemeht dre optinal syptemhthasallowsTinei gt loghaishfommans inageiat theof a CCD
i maging elenent, an optical systemthat allows incident Iight to form an

i mage ormrecéizing ptae/ phtheCae infagine elz@Den tysgidgn elreihometic gemitrah usit t hnet i ¢
control unit that processes the inage forned on the receiving plane of the
CCD as ittmgerocesses thé emiagadermead ani thestdsping tpdane op s E1(JD asriocassi ng
taking in consideration load to the line during transm ssion, and
transmitdadd. to the data server 3 together with the positioning data via the
comuni cation neans 15. Further, photographing conditions at this point is
converted i nt Flatimagendatayisheubirtédte conpressmye paatessimig rtaking sin
transmtted. Additionally, if the positional coordinate of the positioning
data treansideratignfload tohtherbibie| dugnattirensmissonecand dranomitiad tof there fi xed

stations_ 2 connected to the data server 3 for |Okmor nore and_the
correct idgta 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 3 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.

FIG. 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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positioning data cannot be transmtted, the data server 3 transmts

i nformati on regardi ng the ionosphere 29 and weat her that corrg%%‘gghgf
|

position of the nobile station 1 together with the correction
data fromthe nearest fixed station 2 upon selecting the correction
positioning data fromthe nearest fixed station 2. Accordingly, the RTK
survey can be perfornmed because the influence fromthe ionosphere 29 is
el i m nat ed. FIot Dn$panforidegiqr regaadihbothehpoditionindebuiatiisoseparatiodr of t he
present invention. Exanples of data (information) to be transmtted are as
f ol | ows.inferrTAtiontofthplserwernvadbud &inds offhdomeatidnoegnedinigdhedairaent The
satellite positional information data 15 4 OCTOBER 2005 Not only information
r egar di ngpsitienpafSthée anolmde sbatioal sochopsr auitomarynirdormation amcehminger ver,
various kinds of information regarding the current position of the nobile
st at i on westhearsamdimfoomation adrmreraingadzeent fadihtiesweatdxampladis sdrr mat i on
concerning adjacent facilities, for exanple, is sent as information that
suppor t sag infopmationadhian guppertattherposfdomingi opprationhe present invention, the
data server can provide the position of the nobile station based on the
si ngl e positi ahcaogdarglto dhe pusserdaireventioas ¢he diata eseww ¢th caam\providieetite f or t he
nobi |l e station, and highly accurate neasurenent can be easily perforned. At
t he poi nposdtfionhef tREKnsakileeytatappbaped aine thesbrglagesitivmingaanderarobtsai ned in
real time corresponding to the observation point. Therefore, highly
accur at edgtesin i ancordproeewathi emvirddmoent ffor Ithe emobilebstatiani, Iand peghlyr ned.
When data regarding the geoid correction is obtained at the site of

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 for 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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positioning operation, correction regarding the geoid, which has
conventional ly been processed after the positioning operation, geqesBER2605°€
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 neans is available. Even if a problem
occurs in the positioning result, the problemcan be recognized at site and
r espons einsthelpastiomingospdarabionnggn ke pasyentadd t he cause of the problem can
be identified easily. On the other hand, when information regarding the
satel | ites carfiheniboaé netheant operatias mdbtmabion obrthentseoveri watietung based
on an uncertain elenent such as a predicted obstacle but setting of the

ti me thakinds ofoinfosmatiabl redarding $hei aniragt @oeitan of thanmebileastatimsed on an
obstacle actually checked at the positioning operation site, and thus a

m st ake surd aarebitemary 4nfETCBE 2008carningeweasher oandginfoemation can be
prevented. Furthernore, when operation information of the server, various

ki nds of coménnimgt adjacentyfadlitigst far examplt, qosibei dreckedtdre imfobinadiat at i on
such as cautionary information concerning weather and i nfornmation

concer ni thgt stjpaortst thiequaisii fioniexg openatmoamiptles pesitiobéng hpetadibrasitenfloy mat i on
that supports the positioning operation at the positioning operation site,
the pospasitdening ageeativheandsmpéadormef certednlycandiodd/ofibe dperdtafcare
operator can be |lightened. Mreover, when transm ssion of the atnosphere
nodel dabeliglsteriedf or mati on regardi ng the i onosphere and weat her dependi ng on
the position of nobile station is nade possible, the correction positioning
dat a from t he Mpreayér,s vehdrortransmassipn nﬁ>§éhet atmosplience medelodatdl as r ange

that is within the radius of 10km around an effective fixed station, which
has conviadenmeaEpn yegarding 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 staf;ion, which has conventionally
been regarded as the range where the RTK positioning is possible, and thus

highly accurate RTK positioning can be performed.

17



been regarded as the range where the RTK positioning is possible, and thus
hi ghly accurate RTK positioning can be perforned. 17 4 OCTOBERo&SSB ?6055
claimed is: 1. A GPS positioning system conprising: at |east one nobile
station for kinematic positioning, that nmeasures a positional coordinate by
receiving radio wave froma satellite; a plurality of fixed stations each
havi ng predeterm ned positional coordinates and receiving radio wave from
t he sat el I'What isadigingsd tshneti ¢ processi ng nmeans connected with the nobile
station and the fixed stations via comunication, wherein geoid correction
data suitable flor AGPSysitieniagaystem,@omprisimgzm tted to the nobile station
on the basis of positioning data transmtted fromthe nobile station. 2. A
GPS posi ti oni ng at\ledstmnaanobile station 0 Ximerhativpesitioming)ethatmeahweesiac
processing neans is neans for transmtting reference positioning data from
an appr oprpasittomaleoofdinhte By rexdivingradiosyawhfrom a satellitect ed out of a
plurality of reference fixed positioning neans, on the basis of the

posi tioning dataapluralisyriaft fixed statidariseeanbbhbveingt prédatermingdt pesitinnah t he
geoid correction data. 3. The GPS positioning systemaccording to Clains 1
or 2, whereondinates arsbidceivingradin wand frdesthersatellitenandand a recei ver which
are novable. 4. A data server for GPS positioning, conprising. a

comuni cati on i rardhinetie progessing encans guieciednwith the mdhilenstationwind e
station for kinematic positioning, whose positional coordinate is neasured
by recei vithg fixedi $atiense via commuscatian, tvehergin geeidi enreedtipnedatiaceidtaplssi t i onal
coordinate is fixed at a known point, and that receives positioning data
from a pl uealthe ynebile stasipnsare trengmitted to the mobile station on the basis o

positioning data transmitted from the mobile station.

2. A GPS positioning system according to Claim 1, wherein the
arithmetic processing means is means for transmitting reference positioning
data from an appropriate one of the fixed stations, which is selected out of a
plurality of reference fixed positioning means, on the basis of the positioning
data transmitted from the mobile station, together with the geoid correction
data.

3. The GPS positioning system according to Claims 1 or 2, wherein
the mobile station includes an antenna and a receiver which are movable.

4. A data server for GPS positioning, comprising:

a communication interface that receives positioning data from a
mobile station for kinematic positioning, whose positional coordinate is
measured by receiving radio wave from a satellite;

a line interface whose positional coordinate is fixed at a known point,
and that receives positioning data from a plurality of fixed stations that

receive radio wave from the satellite;
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receive radio wave fromthe satellite; 18 4 OCTOBER 2005 storage neans t hat
stores data regarding correction; and arithmetic processing g 66153ds
suitabl e geoid correction data fromthe storage neans and transmts %e
geoid correction data to the nobile station on the basis of the positioning
data received via the comrunication, interface. 5. The data server for GPS
posi ti oni ng acc&t¥agg means thahstares gatp gegardingcorsestiad @ndt i on i ncl udes an

antenna and a recgjver, which are novable. 1 . . .
atithmetic process?ng means tﬂwt reags suitable geoid correction data

from the storage means and transmits the geoid correction data to the mobile
station on the basis of the positioning data received via the communication
interface.

5. The data server for GPS positioning according to Claim 4, wherein

the mobile station includes an antenna and a receiver which are movable.
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