
* 159159* SPECIFICATION   G00002 SATELLITE POSITIONING SYSTEM Technical
Field of the Invention The present invention relates to a GPS positioning
system (Satellite  positioning system) in which a positional coordinate can
be found by  receiving radio wave from a satellite, and a data server for
GPS positioning  (Satellite positioning). Prior Art Kinematic positioning
in a GPS is a survey method where a pair of  antenna and a receiver are
arranged in a fixed manner at a reference point  whose positional
coordinate is known and another pair of movable antenna  and receiver
perform measurement in a short time while sequentially  moving among a
large number of survey points. There exists a real-time kinematic
positioning (hereinafter, referred  to as an RTK) as a developed type of
the kinematic positioning. The RTK is  a positioning method where a
position being a measurement result can be  obtained in a real-time. In the
RTK, as shown in FIGs. 1 and 2, a plurality of fixed stations A,  B, C that
consist of antennas and receivers are arranged in reference points  whose
coordinates are known and a mobile station 5 that consists of an  antenna
and a receiver performs measurement while moving it sequentially. The RTK
simultaneously receives radio wave from a plurality of  satellites 11 with
the fixed stations A, B, C and the mobile station 5, analyzes  



positioning data in the mobile station 5 referring to positioning data
obtained in the fixed stations A, B, C, and thus can immediately find a 2
relative coordinate from the known points of the fixed stations A, B, C to
the  measurement point of the mobile station 5. Further, to maintain
measurement accuracy, a range where the  mobile station 5 can refer to the
predetermined fixed stations A, B, C  (hereinafter, referred to as a fixed
station reference range) is a range with a  radius of about 10km around the
fixed stations A, B, C. This is because  influence to the accuracy at the
point of analysis becomes measurable if the  distance between the fixed
stations A, B, C and the mobile station 5 is too  remote. For example, the,
condition of the ionosphere and the atmosphere,  in which radio wave from
the satellites 11 simultaneously received by the  both pass until it
reaches the earth, changes considerably so that the  influence to the
accuracy at the point of analysis becomes measurable. On the other hand,
the positioning data needs to be transmitted from  the fixed stations A, By
C to the mobile station 5 in order to enable the mobile  station 5 to refer
to the positioning data in the fixed stations A, B, C, and for  this
transmission, means for transmitting data from the fixed stations by a
particular frequency radio is used. The fixed stations A, B, C have been
provided with transmission means (a transmitter 21 having the frequency of
400MHz and the output of about 10mW, for example), and thus it has been
constantly transmitting the positioning data. The mobile station 5 has been
equipped with a receiver 22 for radio capable of receiving the radio wave
from the transmitter 21, and thus it has been able to refer to the
transmitted  positioning data. Note that the range where the mobile station
5 can refer to the fixed  



stations A, B, C in the RTK is 10km in radius technically as described
above,  but a range where radio wave reaches, which is an effective output
range of  the transmitter 21, is generally about 1km around the fixed
stations A, B, C 3 due to regulations by law. Therefore, in the case where
measurement of a point which is Am or  more apart from the fixed stations
A, B, C is necessary, a radio relay station  (not shown) is newly installed
so that the positioning data from the fixed  stations A, B, C has been
receivable. Generally, the radio frequencies used in transmitting the
positioning  data have been set so as to be different among the fixed
stations A, B, C.  This is because when the transmission frequencies are
the same, it is  difficult to distinguish (identify) the fixed stations A,
B, C in the case where  the measurement point is on a boundary area of the
fixed station reference  range or its vicinity, which becomes a cause of
error measurement. However, in the case where the fixed stations A, B, C to
be referred to  are different, receiving frequency of the mobile station 5
needs to be adjusted  to the predetermined transmission frequencies of the
fixed stations A, B, C. Normally, the fixed stations A, B, C suitable for
the measurement  point are previously selected referring to a measurement
operation plan and  the frequency is adjusted before the measurement
operation, but the  different fixed stations A, B, C must be referred to
depending on the point  measured in this case. Then, a person who performs
measurement needs to  appropriately set the receiving condition of the
receiving frequencies of the  fixed stations A, B, C to which reference can
be done, taking in consideration  the current position of the measurement
point, the positions of the fixed  stations A, B, C, and additionally,
receiving status of the positioning data, or  



the like. For this reason, the current position must be always taken in
consideration. In the case of radio, on the other hand, communication has
been  limited to one direction from the fixed stations A, B, C to the
mobile station. 4 Furthermore, since the measurement result is stored in
the mobile  station 5, the measurement operation is limited by the storage
capacity of  the mobile station 5. In the case where the measurement result
is processed into a map or  the like, the measurement result has needed to
be brought out from the  mobile station 5 to perform processing after the
measurement operation  ended. SUMMARY OF THE INVENTION The object of the
present invention is to provide a GPS positioning  system (Satellite
positioning system) in which measurement can be  performed simply and
easily without taking the current position in  consideration, and a data
server for GPS positioning (Satellite positioning). The solving means of
the present invention is described in each of the  foregoing claims. BRIEF
DESCRIPTION OF THE DRAWINGS FIG. 1 shows an example of a conventional
mobile station.  FIG. 2 is a conceptual view showing a conventional RTK.
FIG. 3 is an entire view showing the outline of a system according to  an
embodiment of the present invention. FIG. 4 is a conceptual view showing an
RTK of the present invention.  FIG. 5 shows a process flowchart in the data
server of the present  invention. 



FIG. 6 shows an example in which a desired fixed station is selected  by a
distance. FIG. 7 shows an example in which a desired fixed station is
selected  by an area. 5 DESCRIPTION OF EMBODIMENTS The preferred
embodiments of the present invention will be described  based on the
drawings as follows. FIG. 3 is the entire configuration view showing an
embodiment of the  satellite positioning system according to the present
invention. The GPS positioning system (Satellite positioning system) has:
at  least one mobile station 5; a plurality of fixed stations A, B; and an
arithmetic processing unit (a data server 3, preferably) connected with the
mobile station 5 and the fixed stations A, B via communication means 4, 8.
The data server 3 for GPS positioning (Satellite positioning) consists  of
a central processing unit 31, a storage unit 32, a communication interface
unit and the like. The communication interface unit includes: a first
communication  interface 9 that basically receives the positioning data
from each of a  plurality of the fixed stations A, B; and a second
communication interface 9  that transmits/receives data to/from at least
one mobile station 5. The first communication interface 9 is used to
receive the positioning  data sent from the fixed stations A, B via the
communication means 4.  Herein, the positioning data is a generic name of
data of a format defined in satellite survey, which is data that could be
dealt with such as  receive data or positional information after analysis.
The positioning data  includes binary data, text data or the like. 



The fixed stations A, B are regularly arranged in a fixed manner at  points
whose positional coordinates are known, and receive radio wave from  the
satellites 11 constantly or periodically to obtain positioning data
regarding the installation positions. The fixed stations A, B are provided
with the communication means 4 6 capable of transmitting the positioning
data measured, and the positioning  data is transmitted constantly or
periodically. Accordingly, in the  communication means 4 in the first
communication interface 9, the fixed  station B is arranged at a known
position in a fixed manner, and the means 4  is capable of communicating
the positioning data in high-speed. Therefore,  the communication means 4
in the first communication interface 9 is  preferably an always-on
connection line such as a WAN and an exclusive line. Further, in the
communication means 4, data is generally  transmitted on a data format
called a CMR where the receive data from the  satellites 11 and the known
coordinates are combined. The CRM data is  also called a correction data of
the mobile station 5 in the RTK. The second communication interface 9 is
used to transmit/receive  various data to/from the mobile station 5. An
external interface 33 is connected to the Internet or the like.  Explaining
a receiving function, the mobile station 5 receives radio  wave from the
satellites 11 to obtain the positioning data, for example. The
communication means provided for the mobile station 5 transmits the
positioning data. Further, the mobile station 5 also can receive positional
information data calculated with a simple method based on the positioning  



data. Explaining a transmission function, the mobile station 5 transmits
the correction data used for analysis based on the positioning data from
the  appropriate fixed station A, B, C. Furthermore, regarding the
communication means 8 in the second  communication interface 9, means
capable of wireless communication (two- way communication means) such as a
cellular phone, a PHS (Personal 7 Handyphone System) and a wireless LAN is
desirable, because  measurement is performed while the mobile station 5
moves within a survey  range. Incidentally, time lag at the point of
analysis in the mobile station 5  can be minimized when high-speed
communication means is used as the  communication means 8. The central
processing unit 31, based on the positioning data of  mobile station 5
obtained via the second communication interface 9, selects  the fixed
station A or B most suitable for the mobile station 5, and transmits  the
positioning data of the fixed station A or B selected or correction
information based on the positioning data to the mobile stations 5. The
storage means 32 is capable of storing flexibly various data  received from
the mobile station 5 and various information such as  information regarding
the person who performs measurement, a user or the  like, other than data
necessary for the processing of the central processing  unit 31. The
storage means 32 also stores a survey operation range,  environmental
information of the mobile station 5 or the like, other than the  positional
information of the fixed stations A, B, C, the positioning data to be  



received, and the positioning data or the positional information from the
mobile station 5, and they can be utilized later. The fixed stations A, B,
C has: a receiving antenna 41; a receiver 42;  a data line apparatus 43
that transmits the positioning data to the data  server 3. The mobile
station 5 has: a receiving antenna 6; a receiver 7; and  communication
means 44 (an interface to which .communication means can  be connected)
capable of two-way communication with the data server 3. 8 It is preferable
that these equipments have portability such that an  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, the antenna 6
has a bubble tube capable of detecting  perpendicularity in order to be
installed on a measurement point accurately,  and is in an installed state
on rod member 10, where its lower end is pointed  and the antenna 6 can be
installed on its upper end. The lower end of the rod member 10 is placed on
the measurement  point to maintain a perpendicular state by the bubble tube
or the like, and  thus the antenna 6 can be arranged accurately above the
measurement  point. A figure shows the process flow in the data server 3.
An example of a preferred specific survey operation will be  exemplified.
The fixed stations A. B are equipped with the receiving antenna 1,  



the receiver 2, and the data line apparatus 4 that transmits the
positioning  data to the data server 3. The mobile station 5 is equipped
with the receiving antenna 6, the  receiver 7, and the communication means
8 capable of two-way  communication with the data server 3, or the
interface 9 capable of  connecting the communication means 8. Note that
these equipments have  portability such that the operator can carry them
and are capable of  operating independently using the battery as the power
source. Further, the antenna 6 of the mobile station 5 has the bubble tube
9 (not shown) capable of detecting perpendicularity in order to be
installed on  the measurement point accurately, and is in an installed
state on the rod  member 10, where its lower end is pointed and the antenna
6 can be  installed on its upper end. The lower end of the rod member 10 is
placed on the measurement  point to maintain the perpendicular state by the
bubble tube or the like, and  thus the antenna 6 can be arranged accurately
above the measurement  point. A specific survey operation will be described
based on a preferred  example. (1) Initializing and setting the mobile
station 5. With the operation procedure of a general kinematic survey, the
mobile station 5 is arranged at the reference point to perform initializing
operation. At this point, the communication means 8 equipped performs
communication setting, confirmation of communication condition, or the like
between the server 3 and the second communication interface 9. 



(2) Single positioning is performed receiving shortwave from the
satellites 11 while the mobile station 5 is moved based on the measurement
plan. Generally, the positional coordinate information obtained by the
single positioning basically has an error of 20m to 100m. The mobile
station 5 transmits the positioning data obtained by the  single
positioning to the data server 3 via the communication means 8. At this
point, the positioning data sent from the mobile station 5 is  transmitted
on a format called an NMEA standardized in the GPS. (3) The data server 3
receives the positioning data transmitted from  the mobile station 5 via
the second communication interface 9. 10 The data server 3 receives
reference data, which is obtained by  receiving radio wave from the
satellites 11, from a plurality of the fixed  stations A, B via the first
communication interface 9 and the data line  apparatus 4. The reference
data is generally in the "CRM" format where  the receive data and the
positional coordinates of the fixed stations A, B are  combined. The data
server 3 selects the fixed station A or B arranged in an  appropriate
position for the current position of the mobile station 5 based on  the
positional information in the positioning data from the mobile station 5.
On selecting the fixed station A or B, the data server 3 transmits the
reference data, which has been received from the selected fixed station A
or B  via the first communication interface 9, to the mobile station 5 as
the  correction information at the point of positional analysis via the
second  communication interface 9. (4) The mobile station 5 receives the
reference data from the  appropriate fixed station A, B, which has been
transmitted from the data  



serer 3, corrects the error by performing analysis together with the
positioning data obtained by the single positioning, and obtains accurate
positional information. With this correction, positioning accuracy of
approximately 10mm  can be obtained. The result obtained is stored in
storage means (not shown)  equipped with the mobile station 5, and
processing such as creation of a map  is performed in another place after
the operation ends. Furthermore,  communication means (not shown) of the
mobile station 5 may transmit it to  the data server 3 (or another
positioning result to a place where processing  can be done). Next, a
method will be described where the data server 3 selects the 11 most
suitable fixed station A or B for the mobile station 5. Firstly, selection
by a distance will be described referring to FIG. 6.  The distance between
the mobile station 5 and each of the fixed  stations A and B is severally
found from the received positional coordinate  data of the mobile station 5
and the known positional coordinates where a  plurality of the fixed
stations A, B are installed, and the fixed station A or B  having the
shortest distance is selected. Explanation is made referring to FIG. 6,
where the positional  coordinate data that the mobile station 5 obtained by
the single positioning  is set to M1 (X1, Y1, Z1). The known positional
coordinates of a plurality of the fixed stations A,  B, C are set as
follows. Fixed station A: FA (XA, YA, ZA)  Fixed station B: FB (XB, YB, ZB)
Fixed station C: FC (XC, YC, ZC) 



At this point, from the assumption that the distance between the  mobile
station 5 and the fixed station A is a distance LA, it follows that: XA2 +
V + Z,2 A distance LB and a distance LC are severally found regarding the
fixed  station B, C in the same manner, and the fixed station A, B or C
having the  smallest value, that is, having the shortest distance with the
mobile station 5  is selected. During continuous measurement, the distance
between the mobile  station 5 and a plurality of the fixed stations A, B, C
is calculated  periodically, the relation with the mobile station 5 is
changed if the fixed  station A, B or C having an even shorter slant
distance appears, and then  new data of the fixed station A, B or C is
transmitted. 12  Next, referring to FIG. 7, description will be made for
selection by an  area. By setting areas Ea, Eb, Ec that can be referred to
previously  concerning each of the fixed stations A, B, C, the fixed
station A, B or C is  selected according to the area Ea, Eb, Ec that
includes the current position of  the mobile station 5. As shown in FIG. 7,
the areas Ea, Eb, Ec that can be referred to for  each fixed station are
previously set. Basically, circular areas Ea, Eb, Ec having the radius of
10km from  the fixed stations A, B, C are formed, and when the areas Ea,
Eb, Ec overlap  with each other, one fixed station A, B or C to be referred
to is selected  depending on the environment or the like of the point. When
the positional coordinate data is sent from the mobile station 5,  the data
server 3 finds to which area Ea, Eb, Ec the positional coordinate  



corresponds. As a result, the fixed station A, B or C to be referred to is
selected according to the area Ea, Eb, Ec to which the mobile station 5
corresponds, and the data server 3 transmits the reference data from the
selected fixed station A, B or C to the mobile station 5 via the second
communication interface 9. Regarding the foregoing areas Ea, Eb, Ec, the
operator can easily  recognize the areas by correlating them with the area
where the positioning  operation is performed. Note that selection of the
fixed stations A, B, C may be performed at  every predetermined time or
periodically by previously setting the time.  This is because the fixed
stations A, B, C to be referred to do not change  frequently on a moving
speed of a general measurement operation. Further, single positioning
information in the mobile station can be 13 included in NMEA data
(observation data) constantly transmitted from the  mobile station every
ten second (this can be changed by setting). In this  case, the server does
not request transmission of the single positioning  information to the
mobile station. For selection standard of the fixed station, database such
as 'This  fixed station covers this area' can be used other than the 'slant
distance'. (1) The most suitable fixed station can be referred to without
taking  the current position into consideration, and the highly accurate
RTK  positioning can be realized.. (2) Adjustment of a radio receiving
frequency by the operator, which  has been necessary in transmission by
radio, is unnecessary. (3) Even in the case of measuring across a plurality
of the reference  fixed station areas, measurement can be performed without
requiring  



preparation. (4) Environmental data (weather data or the like) at the point
of  positioning the mobile station can be obtained. 14  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 by communication, that  selects an appropriate fixed station
based on positioning data transmitted  from at least one mobile station,
and transmits reference positioning data of  the fixed station selected to
the mobile station. 2. The GPS positioning system according to Claim 1,
wherein each  positional coordinate of a plurality of the fixed stations is
fixed at a known  point, and a constitution is formed that the appropriate
fixed station is  selected based on positioning data transmitted from the
mobile station to the  arithmetic processing means. 3. The GPS positioning
system according to any one of Claim 1 and  2, wherein the system has a
constitution that the arithmetic processing  means selects the appropriate
fixed station out of a plurality of the fixed  stations. 4. The GPS
positioning system according to any one of Claims 1 to 3,  wherein
reference positioning data transmitted from the arithmetic  processing
means to the mobile station is receive data from the satellite in  



fixed reference positioning means. 5. The GPS positioning system according
to any one of Claims 1 to 4,  wherein the positioning data transmitted from
the mobile station to the 15 arithmetic processing means is the receive
data received from the satellite.  6. The GPS positioning system according
to any one of Claims I to 5, wherein the positioning data transmitted from
the mobile station to the  arithmetic processing means is positional
coordinate data obtained by single  positioning of the mobile station. 7.
The GPS positioning system according to any one of Claims 1 to 6,  wherein
when the fixed station selected by the arithmetic processing means  is
changed, signal that informs of the change of the fixed station is
transmitted from the arithmetic processing means to the mobile -station.
8. The GPS positioning system according to any one of Claims 1 to 7,
wherein the mobile station is provided with display means that displays
data  received. 9. The GPS positioning system according to any one of
Claims 1 to 8,  wherein in the case of a plurality of the mobile stations,
the system has a  constitution that the arithmetic processing means selects
an appropriate  reference fixed positioning means for each mobile station.
10. The GPS positioning system according to any one of Claims 1 to  9,
wherein in the case of a plurality of the mobile stations, the system has a
constitution that the arithmetic processing means transmits reference
positioning data from an appropriate fixed station to each mobile station.
11. The GPS positioning system according to any one of Claims 1 to  10,
wherein the mobile station is a mobile station for kinematic positioning,
whose antenna and receiver are movable. 



12. A data server for GPS positioning, comprising: a first communication
interface, whose positional coordinate is fixed  at a known point, that
receives positioning data from a plurality of fixed  stations that receive
radio wave from a satellite; 16 a second communication interface that
receives positioning data from  a mobile station whose positional
coordinate is measurable by receiving radio  wave from the satellite; and
arithmetic processing means that selects an appropriate fixed station  out
of a plurality of the fixed stations based on the positioning data received
via the second interface. 13. The data server for GPS positioning according
to Claim 12,  wherein the arithmetic processing means transmits reference
positioning  data sent from the fixed station selected by the arithmetic
processing means  to the mobile station via the second interface. 14. The
data server for GPS positioning according to any one of  Claim 12 and 13,
wherein the second interface is radio communication  means capable of
two-way communication. 15. The data server for GPS positioning according to
any one of  Claims 12 to 14, wherein the mobile station is a mobile station
for kinematic  positioning, whose antenna and receiver are movable. 


