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MOVING BODY POSITIONING DEVICE AND MOVING BODY POSITIONING
METHOD

BACKGROUND OF THE INVENTION
1. Field of the Invention
[0001] The present invention relates to a moving body positioning device through
which 2 moving body receives a radio wave from a satellite to determine the position of the
moving body, and a moving body positioning method.

2. Description of the Related Art
{0002] For example, Japanese Patent Application Publication No. 2001-4734

(JP-A-2001-4734) discloses a GPS receiver that includes: a GPS antenna for receiving a

satellite signal; a wave detecting section for computing a Doppler shifted frequency and a

pseudorange from the received signal; a pseudorange estimating section for computing a rate
of change in the pseudorange from the Doppler shifted frequency to estimate the
pseudorange; and a positioning section for selectively using the computed pseudorange or the
estimated pseudorange to determine the position of the GPS receiver. In this GPS receiver,
the positioning section determines the position of the GPS receiver by using either the
pseudorange that is computed by the wave detecting section when a radio wave from the
satellite can be received or the pseudorange estimated by the pseudorange estimating section
when the radio wave is blocked and thus the pseudorange cannot be computed.  Also in this
GPS receiver, the psendorange estimating section computes a relative velocity between the
satellite and the GPS receiver from the Doppler shifted frequency obtained in previous
positioning process, and estimates the current pseudorange from the relative velocity and the
pseudorange obtained in the previous positioning process.

[0003] A pseudorange that is related to a newly captured satellite and computed
(measured) immediately after the new satellite is captured generally shows a large positioning
error because filtering process has not been completed. Therefore, information from the
newly captured satellite cannot be used immediately for positioning. The above condition

also applies to a case in which a trace of a satellite that has been captured is temporarily lost
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and later becomes captured again.

SUMMARY OF THE INVENTION

{0004] The present invention provides a moving body positioning device with which
highly accurate positioning can be achieved even when an error in computed pseudorange is
large, and also provides a moving body positioning method.

[0005] A moving body positioning device according to a first aspect of the present
invention through which a moving body receives a radio wave from a satellite to determine
the position of the moving body includes: PSR computing means for computing a
pseudorange between the satellite and the moving body per given cycle based on an observed

phase of a pseudo random noise code in a satellite wave; ADR computing means for

| computing an accumulated Doppler range (ADR) per given cycle based on an observed

Doppler shifted frequency of the satellite wave; positioning means for determining the
position of the moving body per given cycle based on the pseudorange that is computed by
the PSR computing means; satellite position computing means for obtaining information
representing a satellite position and computing the satellite position per given cycle; previous
value PSR estimating means for computing an estimated value of the pseudorange in a

previous cycle (an estimated previous value) based on a magnitude of a difference vector

between a positioning result of the moving body in the previous cycle that is obtained from

the positioning means and a computed result of the satellite position in the previous cycle that
is obtained from the satellite position computing means; PSR estimating means for computing
an estimated value of the pseudorange (an estimated pseudorange) in a current cycle by
adding the estimated previous value that is computed by the previous value PSR estimating
means to a difference between ADRs that are computed by the ADR computing means in the
previous and current cycles; and PSR error determination means for determining whether an
error in the pselidorange that is computed by the PSR computing means exceeds a given
allowable range, in which the positioning means determines the position of the moving body
in the current cycle based on the estimated pseudorange that is computed by the PSR

estimating means instead of the pseudorange that is computed by the PSR computing means
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in the current cycle when the PSR etror determination means determines that the error in the
pseudorange that is computed by the PSR computing means exceeds the given allowable
range.

[0006] Here, in the moving body positioning device according to the first aspect, the
computing cycles of the ADR computing means and the PSR computing means are not
necessarily be synchronized with the positioning cycle of the positioning means and the
computing cycle of the satellite position computing means. For example, the positioning
cycle of the positioning means and the computing cycle of the satellite position computing
means may be synchrpnized with integral multiples of the computing cycles of the ADR
computing means and the PSR computing means. In this case, the previous cycle and the
current cycle of the ADR computing means and those of the PSR computing means are

synchronized with the previous cycle and the current cycle of the positioning means and those

of the satellite position computing means. The determination by the PSR error '

determination means is typically made in an cycle synchronized with the computing cycle of
the PSR computing means. However, if both of the positioning cycle of the positioning
means and the computing cycle of the satellite positioning means are synchronized with the
integral multiples of the computing cycles of the ADR computing means and the PSR
computing means, the PSR error determination means may make a determination in the -
computing cycle of the PSR computing means that is synchronized with the positioning cycle
of the positioning means and the computing means of the satellite positioning means. The
PSR error determination means does not have to make a determination per positioning cycle
of the positioning means and per computing cycle of the satellite position computing means,
but may make a determination once per a certain plurality of cycles or at random cycles.
[0007] In the moving body positioning device according to the above first aspect, the
positioning means determines the position of the moving body in the current cycle based on
the estimated pseudorange that is computed by the PSR estimating means instead of the
pseudorange that is computed by the PSR compﬁting means in the current cycle when either
one of the following conditions is met: the PSR error determination means determines that the

error in the pseudorange that is computed by the PSR computing means in the current cycle
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exceeds the given allowable range, and a given time period has not been elapsed since a
satellite related to the pseudorange is captured.

[0008] In the moving body positioning device according to the above first aspect, the
positioning means may determine the position of the moving body in the current cycle based
on the estimated pseudorange that is computed by the PSR estimating means instead of the
pseudorange that is computed by the PSR computing means in the current cycle if the PSR
error determination means determines that the error in the pseudorange that is computed by
the PSR computing means in the currenth cycle exceeds the given allowable range, and the
given time period has not been elapsed since the satellite related to the pseudorange is
captured.

{0009] In the moving body positioning device according to the first aspect, the
determination of whether or not the s‘atellite is newly captured may be made based on a
captured time period that corresponds with a time period required for filtering process of the
pseudorange and that starts from a cycle in which the satellite is captured.

[0010] In the moving body positioning device according to the first aspect, the
filtering process may be carrier smoothing using a Hatch filter or a Kalman filter.

.' [0011] In the moving body positioning device according to the first aspect, the
positioning means may execute positioning by an inertial navigation method with use of
information from an INS sensor when it is impossible to execute positioning by a satellite
navigation method based on a reception result of the satellite wave. The positioning result of
the moving body in the previous cycle that is produced in the positioning means and used in
the previous value PSR estimating means may include a positioning result derived by the
inertial navigation method.

[0012] In the moving body positioning device according to the first aspect, the
positioning means may execute positioning when the number of satellites for which either the
pseudorange or the estimated pseudorange is computed is equal to or greater than three.

[0013] In the moving body positioning device according to the first aspect, the

_ positioning means may execute positioning by the satellite navigation method when the

number of satellites for which the estimated psendorange is computed is equal to or greater
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than four, and when the number of satellites for which the pseudorange is computed is equal
to or greater than two.

[0014] In the moving body positioning device according to the first aspect, the PSR
error determination means may compare a difference APSR between pseudoranges that are
computed by the PSR computing means in the previous and current cycles with a difference
AADR between ADRs that are computed by the ADR computing means in the previous and
current cycles, with respect to the same satellite, and may determine whether or not the error
in the pseudorange that is computed by the PSR computing means exceeds the given
allowable range. '

[0015] In the moving body positioning device according to the first aspect, the PSR
error determination means may determine that the error in the pseudorange that is computed
by the PSR computing means exceeds the given allowable range when an absolute value
[APSR - AADR] of a difference between the difference APSR and the difference AADR
exceeds a given threshold value.

[0016] In the moving body positioning device according to the first aspect, the
positioning means may determine the position of the moving body in the current cycle based
on ﬂlc pseudorange that is computed by the PSR coﬁlputing means in the current cycle when
the PSR error determination means determines that the error in the pseudorange that is
computed by the PSR computing means in the current cycle does not exceed the given
allowable range.

[0017] In the moving body positioning device according to the first aspect, the
previous value PSR estimating means may compute the estimated previous value by adding
the magnitude of the difference vector to an estimated value of a clock error that is included in
the pseudorange.

[0018] In the moving body positioning device according to the first aspect, the
estimated value of the clock error may be derived by calculating back from the positioning
result produced in the positioning means.

[0019] In the moving body positioning device according to the first aspect, if the PSR

error determination means determines for consecutive two or more cycles that the error in the
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pseudorange that is computed by the PSR computing means exceeds the given allowable
range, the PSR estimating means may compute the estimated pseudorange in the first cycle of
the two or more cycles by adding the estimated previous value to the difference between
ADRs that are computed by the ADR computing means in the previous and current cycles,
and from the second cycle onward by adding the estimated pseudorange that is computed in
the previous cycle to the difference between ADRs that are computed by the ADR computing
means in the previous and current cycles.

[0020] A moving body positioning method according to the second aspect of the
present invention through which a moving body receives a radio wave from a satellite to
determine the position of the moving body includes: computing a pseudorange between the
satellite and the moving body per given cycle based on an observed phase of a pseudo random
noise code in a satellite wave; computing an accumulated Doppler range per given cycle
based on an observed Doppler frequency of the satellite wave; determining the position of the
moving body per given cycle based on the computed pseudorange; obtaining information
representing a satellite position to compute the satellite position per given cycle; computing
an estimated previous value as an estimated value of the pseudorange in a previous cycle
based on a magnitude of a difference vector between a positioning result of the moving body
in the previous cycle and a computed result of the satellite position in the previous cycle;
computing an estimated pseudorange as an estimated value of the pseudorange in a current
cycle by adding the estimated previous value to a difference between the accumulated
Doppler ranges computed in the previous and current cycles; defermining whether an error in
the computed pseudorange exceeds a given allowable range; and determining the position of
the moving quy in the current cycle based on the estimated pseudorange, which is computed
in the current cycle, instead of the pseudorange that is computed in the current cycle when it
is determined that the error in the pseudorange that is computed in the current cycle exceeds
the given allowable range.

[0021] According to the present invention, a moving body positioning device with

_ which highly accurate positioning can be achieved even when an error in a computed

pseudorange is large and a moving body positioning method can be provided.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The foregoing and/or further objects, features and advantages of the invention
will become more apparent from the following description of preferred embodiment with
reference to the accompanying drawings, in which like numerals are used to represent like
elements and wherein:

FIG. 1 is a system configuration diagram showing a general configuration of a GPS to
which a moving body positioning device according to a first embodiment of the present
invention is applied;

FIG. 2 is a block diagram showing an cxaﬁple of main components of a GPS receiver
according to the first embodiment of the present invention;

FIG. 3 is a block diagram showing an example of main components of a DLL of the GPS
receiver according to the first embodiment of the present invention;

FIG. 4 is a flow chart showing the flow of main processing executed by the .GPS receiver
according to the first embodiment of the present invention;

FIG. 5 is a graph showing time sequences of PSR, EPSR, and ADR after capture of a
GPS satellite according to the first embodiment of the present invention;

FIG. 6 is a block diagram showing an example of main components of a GPS receiver
according to a second embodiment of the present invention; and

FIG. 7 is a flow chart showing the flow of main processing executed by the GPS receiver

according to the second embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS
[0023] Embodiments of the present invention will hereinafter be described with
reference to the drawings.
[0024]  FIG. 1is a system configuration diagram showing a general configuration of a
Global Positioning System (GPS) to which a moving body positioning device according to the
present invention is applied. As shown in FIG. 1, the GPS is constituted of GPS satellites 10

orbiting the Earth and a vehicle 90 located and traveling on the Earth. The vehicle 90 is
. .
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merely an example of a moving body, and the moving body can also be any of 2 motorcycle,
train, ship, aircraft, forklift, robot, information terminal such as a cellular phone that moves
together with a user, and the like.

[0025] The GPS satellite 10 continuously broadcasts a navigation message (satellite

signal) to the Earth. 'The navigation message includes the satellite orbital information of the

corresponding GPS satellite 10 (an ephemeris and an almanac), a correction value of a clock,

and an jonospheric correction factor. The navigation message is diffused by a C/A-code and
continuously broadcasted to the Earth on an L1 carrier (frequency: 1575.42 MHz). Here, the
L1 carrier is a synthetic wave of a sine wave modulated by the C/A-code and a cosine wave
modulated by a precision code (P-code), and is orthogonally modulated. Both the C/A-code
and the P-code are a pseudo random noise code, a repeated sequence with a random set of ~1s
and 1s.

[0026] Today, the twenty four GPS satellites 10 orbit the Earth at an altitude of about
20,000 km, and each four of the GPS satellites 10 are evenly arranged in one of six Earth
orbital planes that are each inclined 55 degrees to the other. Therefore, as long as the sky is
clear, at least five GPS satellites 10 can be constantly observed from anywhere on the Earth.

[0027] The vehicle 90 is equipped with a GPS receiver 20 as a moving body
positioning device.

[0028] FIG. 2 is a block diagram showing an example of main components of the GPS
receiver 20 according to the first embodiment of the present invention. FIG. 3 is a block
diagram showing an example of main components of a DLL 203 of the GPS receiver 20
according to the first embodiment of the present invention.

[0029] Here, a description is mainly made on signal processing by the GPS receiver
20 in regard to a signal from a GPS satellite 10; among the plurality of observable GPS
satellites 10. The processing of the signal from the GPS satellite 10; is substantially the
same as the processing of a signal from another GPS satellite 10. In practice, the processing
of a satellite signal, which is described later, is performed in parallel (simultaneously) with the
processing of signals from all the observable GPS satellites.

[0030] As shown in FIG. 2, the GPS receiver 20 includes a high-frequency circuit 201,
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an analog-to-digital (A/D) converter circuit 202, a Delay-Locked Loop (DLL) 203, 2
Phase-Locked Loop (PLL) 204, a filter 205, a PSR error determination section 206, an ADR
computing section 208, a satellite position computing section 209, a PSR estimating section
212, a position computing section 214, a compuied value storing section 216, and a PSR
previous value estimating section 218.

[0031] The A/D converter circuit 202 converts an IF signal (aﬁalog signal) supplied
from the high-frequency circuit 201 to a digital IF signal for digital signal processing.

[0032] The DLL203 is configured to synchronize a phase of the C/A-code on the L1
carrier with a phase of an internally generated replica C/A-code and to compute a
pseudorange (PSR) (hereinafter referred to as "PSR").  As the meanings of the symbols, the
apostrophe added to PSR, indicates that filtering process, which is described later, has not
been performed, and a symbol with the subscript "j" indicates that it is a value related to the
GPS satellite 10; (the same rule applies to values other than PSRY). In addition, the digital IF
signal is multiplied by a replica carrier, which is supplied ‘from the PLL 204, by a mixer (not
shown), and then input to the DLL 203 in practice.

[0033]  Specifically, as shown in FIG. 3, the DLL 203 includes cross-correlation
computing sections 111 and 112, a phase leading section 113, a phase lagging section 114, a
phase shift computing section 115, a phase correction amount computing section 116, a
replica C/A-code generating section 117, and a PSR computing section 118,

[0034] A replica C/A-code is generated in the replica C/A-code generating section 117.
The replica C/A-code has the same sequence of +1s and —1s as the C/A-code on the signal
from the GPS satellite 10;.

[0035] The replica C/A-code generated in the replica C/A-code generating section 117
is input to the cross-correlation computing section 111 via the phase leading section 113. In
other words, an early replica code is input to the cross-correlation computing section 111. In
the phase leading section 113, the replica C/A-code is led for given phases. An amount of
the phases by which the replica C/A-code is led in the phase leading section 113 is set as 6

[0036] The digital IF signal is also input to the cross-correlation computing section

111 after being multiplied by the replica carrier, which is generated in the PLL 204, by the
9
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mixer (not shown).

[0037] In the cross-correlation computing section 111, the input digital IF signal and
the early replica code with the phase leading amount of §; are used to compute a correlation
value (early correlation value Eca). The qarly correlation value Eca is computed by the
following equation, for example:

Early correlation value Ecs = Y, {(digital IF) x (Early replica code)}.
The replica C/A-code generated in the replica C/A-code generating section 117 is input to the
cross-correlation computing section 112 via the phase lagging section 114.  In other words, a

late replica code is input to the cross-correlation computing section 112.  In the phase

lagging section 114, the replica C/A-code is lagged for given phases. The amount of phases

by which the replica C/A-code is lagged in the phase lagging section 114 is equal to the phase
leading amount 8; but is denoted by an opposite sign.

[0038] The digital [F signal is also input to the cross-correlation computing section
112 after being multiplied by the replica carrier, which is generated in the PLL 204, by the
mixer (not shown).

[0039] In the cross-correlation computing sectidn 112, the input digital IF signal and

the late replica code with the phase lagging amount of -6; are used to compute a correlation

value (late comrelation value Lca).  The late correlation value Lea is calculated by the

following equation, for example:

Late correlation value Lo = Y{(digital IF) x (Late replica code)}.
As described above, the correlation values with a correlation interval L (also referred to as
“spacing”) of 26; therebetween are computed in the cross-correlation computing sections 111,
112. The early correlation value Ecy and the late correlation value Lca that are respectively
computed in the cross-correlation coxﬁputing sections 111, 112 are input to the phase shift
computing section 115. ‘

[0040] In the phase shift computing section 115, a phase shift amount is computed
between the digital IF signal and the replica C/A-code g?nerated in the replica C/A-~code
generating section 117.  In other words, a phase shift afnoimt A¢ of the replica C/A-code

with respect to the received C/A-code is computed (estimated) in the phase shift computing
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section 115.  The phase shift amount A¢ of the replica C/A-code is computed by the
following equation, for example:

(Phase shift amount A¢) = (Eca — Lea) / 2(Eca + Lca)-

The phase shift amount Ap computed as above is input to the phase correction amount
computing section 116.

[0041] In the phase correction amount computing section 116, a proper phase
correction amount is computed to offsct the phase shift amount A¢. The proper phase
correction amount is computed by the following equation, for example:

(Phase correction amount) = (P-gain) x (phase shift amount Ad) + (I-gain) x Y(phase shift
amount A¢).

The above equation represents feedback control using P1 control, and P-gain and I-gain are
experimentally determined in consideration with a balance between variation and
responsiveness. The phase correction amount computed as above is input to the replica
C/A—code generating section 117.

{0042] In the replica C/A-code generating section 117, the phase of the replica
C/A-code to be generated is corrected for the phase correction amount that is computed in the
phase correction amount computing section 116.  In other words, a tracking point of the
replica C/A-code is corrected.  The replica C/A-code generated as above is input to the
cross-correlation computing sections 111, 112 via the phase leading section 113 and the phase
lagging section 114 as described above, and is also input to the PSR computing section 118,
In the cross-correlation computing sections 111, 112, the replica C/A-code generated as above
is used to compute the correlation value with respect to the IF digital signal that will be input
in the next observation cycle.

[06043] Inthe PSR coniputing' section 118, based on the replica C/A-code generated in |
the replica C/A-code generating section 117, PSR’; is computed by the following equation, for
example:

PSR’; = Neca x 300.

" Here, Nca denotes the number of bits in the C/A-code from the GPS satellite 10; to the vehicle

90, and is computed based on the phase of the replica C/A-code generated in the replica
11
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C/A-code generating section 117 and a receiver clock in the GPS receiver 20. The numerical
value 300 is derived from a fact that a bit length of the C/A-code is 1 ps, which is equivalent
to about 300 m (1 ps x the speed of light). A signal representing PSR’;, which is computed
as above, is input from the DLL 203 to the filter 205.

[0044] Referring now to FIG 2, the PLL 204 computes a correlation value relative to a
received carrier wave (received carrier) by using a replica carrier signal generated therein, and
then measures a Doppler frequency (Doppler shifted frequency) Af; of the Doppler-shifted
received carrier. It should be noted that the digital IF signal is multiplied by the replica
C/A-code, which is supplied from the DLL 203, by the mixer (not shown) and then input to -
the PLL 204 in practice. In the PLL 204, the Doppler frequency Af; (= fr — fr) is computed
based on a frequency fr of the replica carrier anti a known frequency f;, (1575.42 MHz) of the
carrier wave. A signal that represents the Doppler frequency Af;, which is computed in the
PLL 204, is input to the filter 205 and the ADR computing section 208.

[0045] In the filter 205, PSR, after completion of filtering process is computed by the
following equation, for example:

[Equation 1]

PSR;(0+(M-1)x{pSR,(i-1)+ [av - arf
M

PSR, ()=

[0046] In the above equation, (i) denotes a current value, and (i-1) denotes a previous
value (the same rule applies when (i) or (i-1) is added to other symbols). M is a weighting
factor. The value M is properly determined in consideration of precision and responsiveness.
In addition, AV denotes a relative velocity between the GPS satellite 10; and the vehicle 90,
and may be computed by the following equation with the Doppler frequency Af; obtained in
the PLL 204, for example:

Af;=AVefy/(c—~AV).
The above filtering process in the filter 205 is so-called carrier smoothing known in the art,
and can also be executed with a Kalman filter, for example, instead of the above-mentioned

filtering process with a Hatch filter. A signal that represents PSR, after the filtering process,
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which is computed as described above, is input to the PSR eror determination section 206
and the position computing section 214.

[0047] The PSR error determination section 206 evaluates an error in PSR; after the
filtering process, and then determines whether or not the error exceeds a‘given allowable
range. Of all the various determination methods, one method will be described later. A
determination result produced in the PSR error determination section 206 is input to the
position computing section 214.

[0048] In the ADR computing section 208, an accumulated Doppler range, ADR,;, is
compuied by using the Doppler frequency Af; obtained in the PLL.204.  ADR; is an
integrated value of a Doppler range dp; that is computed from the Doppler frequency Afj, and
an initial value of ADR; can be any value. ADR; may be computed by the following
equation: .

{Equation 2]

ADR ()= ADR, +§dp(k)

[0049] Here, ADRy denotes any initial value, and a Doppler range dp;(k) denotes the
Doppler range dp; obtained ina cycle k. The Doppler range dp;(k) may be computed by
dp;(k) = M * Afy(k), for example, where A is wavelength of the carrier wave (known), and
Afy(k) is a Doppler frequency related to the GPS satellite 10; that can be obtained in the cycle
k. Asignal that represents ADR;, which is computed as described above, is inp\it to the PSR
error determination section 206 and the PSR estimating section 212.

[0050] The satellite position computing section 209 computes the current position of
the GPS satellite 10; on a world coordinate system, Si(i) = (X(i), Yj({), Z(@)), based on the
satellite orbital information in the navigation message. Or, the satellite position computing
section 209 may compute the current position of the GPS satellite 10; on the world coordinate
system, (3) = (X0, Y;()» Zi(D), based on satellitc orbital information that is obtained from
an external source in advance (including precise almanac data provided by an agency such as

International GNSS Service (IGS)). When the latter method is taken, the position S; of the
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GPS satellite 10; can be derived immediately after the GPS satellite 10; is captured. The
satellite position S; derived in the satellite position computing section 209 as described above
is input to the position computing section 214.

[0051] The PSR estimating section 212 computes an estimated value (i) with respect
to a current value PSR’j(i) of the pseudorange that is computed in the PSR computing section
118 as described above. From now', the estimated value (i) is referred to as “EPSR(i)”
(EPSR: estimated pseudorange) for distinction. EPSR;(i) is computed by the following
equation, for example, by using an estimated value PSRy of the PSR previous value obtained
in the PSR previous value estimating section 218 described later, a current value ADR;(i)
obtained in the ADR computing section 203, and a previous value ADR;(i-1) obtained in the
computed value storing section 216 described later:

EPSR(i) = EPSR(i-1) + ADR;(i) ~ ADR;(i-1).

Here, as an initial value EPSRi(i-1) of the previous value, the estimated value PSRy of the
PSR previous value obtained in the PSR previous value estimating section 218, which will be
described later, is used. In other words, in an initial cycle in which the PSR estimating
section 212 computes EPSR;, EPSR; is computed by adding a difference between the current
value ADR(i) and the previous value ADR;(i-1) to the estimated value PSRyp of the PSR
previous value. A signal that represents EPSR;, which is derived in the PSR estimating
section 212 as described above, is input to the position computing section 214.

[0052] The position computing section 214 computes a position of the vehicle 90 in
the current cycle (i), (Xu(i), Yu(i), Zu(i)), based on the position of the GPS satellite 10;, §;(i) =
(%), Y;(0), Zy(i)), from the satellite position computing section 209 and also based cither on
PSR;(i) after the filtering process in the filter 205 or EPSRy(i) from the PSR estimating section
212. ‘The position of the vehicle 90 may be computed by the following equation using 2
least square method or the like, for example:

[Equation 3]

PSR, (i) or EPSR,(:)=J(X,(:')-X, OF +@,0)-n0) +2,0-2,0) +c-ar
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[0053] Here, c * AT denotes a clock error in the GPS receiver 20. If the number of
GPS satellites 10 available for positioning is fc;ur, the equation 3 is computed for four
coordinates, thereby allowing positioning without the clock error ¢ * AT.  In this case, an
error included in the observed range of each GPS satellite 10 may be estimated, and an index
value that represents the error level (a variance) may be used as a diagonal element of a
weighting matrix to compute a weighted position. In regard to the measured range on the
left side of the above equation 3, a decision on whether to use PSR;(i) or EPSR(i) depends on
the determination result produced in the PSR error determination section 206 in the current
cycle (i), that is, an error in PSRi(i). In other words, PSR; is used if it is determined that the
error in PSR(i) in the current cycle (i) is within the given allowable range, or EPSR(i) is used
if it is determined that the error in PSRy(i) in the current cycle (i) exceeds the given allowable
range. Therefore, in the position computing section 214, PSR, is used as the measured range
for the positioning in ¢ycles (i) in which the error in PSRy(i) is in the given allowable range.
Meanwhile, in the other cycles (i) in which the error in PSRy(i) exceeds the given allowable
range, EPSR;(i) is used as the measured range for the positioning. The positioning result
produced in the position computing section 214 as described above may be supplied to a
pavigation ;system (not shown) for display of a vehicle location on a map, for example. It
should be noted that the position computing section 214 may compute a speed of the vehicle
90 by using the Doppler range dp; in addition to the position of the vehicle 90.

[0054] In the computed value storing section 216, valves computed in each cycle (i)

are stored.  These values are used as previous values in a next cycle (i+1). An embodiment

‘for use of the values will be described later. Specifically, in the computed value storing

section 216, the position of the vehicle 90, (Xu(i), Yu(i); Zu(i)), computed in the position
computing section 214, the satellite position, sj(i) = (Xi(i), Y;(i), Zi(i)), ADRy(i), computed in
the ADR computing section 208, and the like are stored. The clock error ¢ * AT (see the
equation 3) in the GPS receiver 20 that is derived by calculating back from the positioning

result in the position computing section 214 is also stored in the computed value storing

. section 216. Here, the clock error ¢ « AT may be computed in the position computing

section 214 for each cycle (i); however, it may be computed only once when code tracking is
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' completed.

[0055] The PSR previous value estimating section 218 computes an estimated value
PSR,y (hereinafter referred to as an “estimated previous value PSRye”) with respect to the
previous value PSR’(i-1) of the pseudorange that is computed in the PSR computing section
118 as described above . The estimated previous value PSRip is computed by the following
equation, for example, by using the previous value of the position of the vehicle 90, ((Xu(i-1),
Y(i-1), Zu(i-1)), the previous value of the satellite position, (Xi(i-1), Yj(i-1), Z;(i-1)), and the
clock error ¢ * AT in the GPS receiver 20, which are all stored in the computed value storing
section 216:

[Equation 4]

PSRy =[(¥,G-D~£,G-D] +(F0-D-KG-0f +(Z,0-0-2,6-0F +o-a

[0056] A signal that represents the estimated previous value PSRy, which is derived in
the PSR previous value estimating section 218, is input to the PSR estimating section 212 and
used as an initial value of EPSR,; as described above.

[0057] FIG. 4 is a flow chart showing the flow of main processing executed by the
GPS 1eceiver 20 according to the first embodiment of the present invention. In a processing
soutine of FIG. 4, a loop 1 is performed per given cycle (positioning cycle of the position
computing section 214), and a current cycle is set here as a cycle (i) for description. The
positioning cycle of the position computing section 214 may be synchronized with a PPS
signal and 1 second, for example. The computing cycles of PSR and ADR may be
synchronized with the positioning cycle, or may be fractional multiples of the positioning
cycle (for example, 10 ms). Aloop 2 is set within the loop 1 and is executed for each of the
observable GPS satellites 10 in one cycle. A description below is mainly made on the
processing in the loop 2 in regard to the GPS satellite 10;.

[0058] In step 400, PSR;(i) of the current cycle is derived in the DLL 203 and the filter
205, and ADR;(i) of the current cycle is computed in the ADR computing section 208.

| [0059] In step 402, the satellite position Si(i) = (Xj(i), Y;(i), Z(1)) is computed in the
16 .
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satellite position computing section 209.

[0060] In step 404, it is determined in the PSR error determination section 206
whether or not the GPS satellite 10; is newly captured and whether or not the error in PSR()
in the current cycle exceeds the allowable range. The determination of whether or not the
GPS satellite 10; is newly captured may be made based on the number of elapsed cycles (a
captured time period) from a cycle in which the GPS satellite 10; is captured initially, or based
on whether or not the captured time period is shorter than a given time period, for example.

In this case, the given time period may correspond with time AT1 required for the filter 205 to
complete the processing (see FIG. 5), for example, and is adjusted in accordance with test
results, etc.

[0061] The determination of whether or not the error in PSR() in the current cycle
exceeds the given allowable range is preferably made based on whether or not an absolute
value of a difference between an amount of change in PSR, APSR, in the given time period
and an amount of change in ADR, AADR, in the same given time period (= |APSR — AADRY)
exceeds a given threshold value. Here, APSR can be computed by subtracting PSR(i-1) in
the previous cycle from PSR() in the current cycle in an equation, APSR = PSR(i) - PSR(i-1).
Similarly, AADR can be computed by subtracting ADR(i-1) in the previous cycle from
ADR() in the current cycle in an equation, AADR = ADR(i) - ADR(i-1). The given
threshold value is a compatible value, and, for example, it may be set as a value slightly larger
than the maximum absolute value JAPSR — AADR] possibly obtained after the completion of
the processing in the filter 205 under a condition in which the reception of radio waves is
clear and in which multipath is not found.

[0062] Another method may be used to determine whether or not the error in PSR({)
in the current cycle exceeds the given a}lowable range. For example, it may be determined
that the error in PSR() in the current cycle exceeds the given allowable range when reception
sensitivity of radio waves from the GPS satellite 10; is lower than a given reference value,
when a peak correlation value that is computed at the time of code tracking is lower than a

given reference value, or when multipath of the radio waves from the GPS satellite 10; is

detected.
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[0063] In step 404, if it is determined that the GPS satellite 10; is newly ‘captured and
that the error in PSR() in the current cycle exceeds the given allowable range, the process
proceeds to step 406.  Unless one of the above conditions is satisfied, the process proceeds to
step 410.  Alternatively, the process may proceed to step 406 if it is determined that the GPS
satellite 10; is newly captured or that the error in PSR() in the current cycle exceeds the given
allowable range. In this alternative example, the process proceeds to step 410 if it is
determined that the GPS satellite 10; is not newly captured and that the error in PSR(i) in the
current cycle does not exceed the given allowable range. As another alternative example,
regardless of the captured time period of the GPS satellite 10; the process may proceed to step
406 if it is determined that the error in PSR(i) in the current cycle exceeds the given allowable
range, and the process may proceed to step 410 if it is determined that the error in PSR(i) in
the current cycle does not exceed the given allowable range.

[0064] In step 406, an estimated value of the previous value PSR;(i-1) of PSR,;, that is,
the estimated previous value PSRy is computed in the PSR previous value estimating section

© 218. The computing method of the estimated previous value PSRy is as described above.
In other words, the estimated previous value PSRy can be computed by substituting the
previous value of the positioning result of the vehicle 90 ((Xu(i-1), Yu(i-1), Zu(i-1)), the
previous value of the satellite position (X;(i-1), Y;(i-1), Z(i-1)), and the clock error ¢ * AT in
the GPS receiver 20, which are all stored in the computed value storing section 216, into the
above equation 4.

[0065] The processing in step 406 is executed only when the condition in step 404 is
true. Alternatively, when the conditions in above step 404 are true for consecutive cycles,
the processing in step 406 may only be executed for the first cycle.

[0066] In step 408, the estimated value of the current value PSRy(i) of PSR, that is,
EPSR,-(i) is computed in the PSR estimating section 212. The computing method of
EPSR(i) is as described above. In other words, EPSRy(i) is computed by the following
‘equation, for example, by using the current value ADR(i) obtained from the ADR computing
section 208 and the previous value ADR;(i-1) obtained from the computed value storing
section 216:
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EPSRy(i) = EPSR{(-1) + ADR(i) ~ ADRy(i-1).

Here, EPSR;(i-1) is a previous value, and in an cycle in which step 406 is executed, the

estimated previous value PSR;o obtained in step 406 is used.

[0067] If EPSRy(i) is computed in step 408, PSR(j) obtained in step 400 will be
replaced with EPSRy(i). In other words, PSR(i) obtained in step 400 is discarded when the
condition in step 404 is true, and EPSRy(i) is adapted jnstead. On the other hand, when the
condition in step 404 is false, PSR(i) is adopted.

[0068] In step 410, it is determined whether or not PSR(i) or EPSR(i) is computed for
all the observable GPS satellites 10. I the condition is true, the process leaves the loop 2
and proceeds to step 412. Meanwhile, if PSR(i) or EPSR(j) has not been computed for one
or more of the GPS satellites 10, the processing in the loop 2 (the processing from step 400) is
executed for the appropriate GPS satellites 10. |

[0069] Instep 412, the position of the vehicle 90 in the current cyele (i), (Xu(i), Yu(i),
Z.(i)), is computed in the position computing section 214 by using PSR(i) or EPSR(i)
obtained for each of the GPS satellites 10 in the loop 2 in the current cycle (i). The
computing method of the position of the vehicle 90 is as described above. However, if the
number of observed GPS satellites 10 is greater than that required for positioning, PSR(i) may
be used preferentially to EPSR(I). In other words, only when the number of GPS satellites
10 for which PSR(i) is computed is insufficient, the GPS satellites 10 for which EPSR() is
computed may be supplementary used to compute the position of the vehicle 90.

[0670] In step 414, the positioning result that is obtained in step 412, ADR, and the
current yalues of the satellite positions are stored in the computed value storing section 216.
These computed values are used as “previous values” in the next cycle.

[0071] Instep 416, positioning in the cusrent cycle is terminated, and the process from
the loop 1 is repeated in the next cycle. |

[0072] FIG. 5 shows time sequences of PSR;, EPSR;, and ADR,; that are computed as

above. Representatively, FIG. 5 shows the time sequences of PSR;, EPSR;, and ADR;

according to the GPS satellite 10;. In addition, FIG. 5 schematically shows the time
sequence of a true value of PSR;. Here, a graph starts at time t0 when the GPS satellite 10; is
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captured. As shown in FIG. 5, in a time period AT1 (from time 10 to t1) in a short time since
the capture of the GPS satellite 10j, the error in PSR; (an error relative to the true value) is
large because the processing in the filter 205 is not completed. Meanwhile, although ADR;
is a relative value, it retains relatively high accuracy even in the time period AT1 in a short
time since the capture of the GPS satellite 10;. Therefore, it can be understood that EPSR;
computed from the satellite position, the previous value of the positioning result, and ADR;
has a smaller error than PSR; even in the time period AT1 in a short time since the capture of
the GPS satellite 10;. Consequently, EPSR; can be used for positioning. In other words, by
using EPSR; instead of PSR;, the positioning can be executed with high accuracy from the
time period AT1 in a short time since the capture of the GPS satellite 10;. In an example
shown in FIG. 5, PSR; is used for positioning from time t1 onward because the error in PSR;
becomes smaller at time t1, for example.

[0073) The first embodiment of the present invention described above particularly
have the following effects. '

[0074] According to the first embodiment of the present invention, as described above,

the highly accurate positioning can be started and maintained by using EPSR;, which is

-appropriately estimated, instead of PSR; even in a time period in a short time since the capture

of the satellite 10; or a time period in which the accuracy of PSR; according to the GPS
satellite 10; is low.  Accordingly, the positioning with high accuracy can be started from the
time immediately after the GPS satellite 10; is newly captured, for example, and can be
maintained even when the accuracy of PSR; according to the GPS satellite 10; is temporaﬁly
degraded under the influence of the multipath, etc.

[0075] The second embodiment of the present invention mainly differs from the first
embodiment in which the positioning computation is executed by the satellite navigation

method in a point that the position is computed by selectively using an inertial navigation

" method with an INS sensor. Description will bereinafter be made by focusing on the unique

features of the second embodiment, and the other features of the second embodiment may be
the same as the features of the first embodiment.
[0076) FIG.6isa blqck diagram showing an example of main components of a GPS
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receiver 20° according to the second embodiment of the present invention. The GPS receiver

20’ includes an INS sensor data obtaining section 220 that obtains INS sensor data from the

INS sensor (not shown) installed in the vehicle 90. The INS sensor may be constituted of 2
tri-axial acceleration sensor and a tri-axial angular velocity sensor.

[0077] A position computing section 214’ computes the position of the vehicle 90,
(Xu(@), Yu(i)» Zu(), by the inertial navigation method based on the information from the INS
sensor. A variety of the computing methads of a vehicle position by the inertial navigation
method are available, and any of the methods can be used. For example, in order to derive
the vehicle position, an output value of the acceleration sensor is first processed for attitude
conversion, gravitational correction, and Coriolis force correction, and then integrated twice.
A travel distance obtained from the double integral is integrated by the previous value of the
vehicle position (Xu(i-1), Yu(i-1), Zu(i-1)). The vehicle position and vehicle speed (INS
positioning results) computed by the inertial navigation method in the position computing
section 214’ may be respectively compared with the vehicle position and vehicle speed (GPS
positioning results) computed by the above satellite navigation method to obtain difference
values therebetween. Then, the difference values may be input to the Kalman filter to
determine various correction amounts.

[0078] FIG. 7 is a flow chart showing the flow of the main processing executed by the
GPS receiver 20’ according to the second embodiment of the present invention.

[0079] In step 700, INS sensor data is obtained in the INS sensor data obtaining
section 220. |

[0080] In step 702, PSR;(i) in the current cycle is derived in the DLL 203 and the filter
205, and ADR;(i) in the current cycle is computed in the ADR computing section 208.

[0081] In step 704, the satellite position, Si(i) = (X(i), Y;(@), Z;(i)), is computed in the
satellite position computing section 209.

[0082] 1Instep 705, it is determined in the PSR error determination section 206
whether or not the GPS satellite 10; is newly captured and whether or not the error in PSR()

in the current cycle exceeds the given allowable range. The determination method can be

" the same as that in step 404 of FIG. 4 in the first embodiment.
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[0083] Instep 706, if it is determined that the GPS satellite 10; is newly captured and
that the error in PSR(i) exceeds the given allowable range, the process proceeds fo step 708,
Unless one of the above condition is satisfied, the process proceeds to step 712.

Alternatively, the process may proceed to step 708 if it is determined that the GPS satellite 10;
is newly captured or that the error in PSR(j) in the current cycle exceeds the given allowable
range.. In this alternative example, the process proceeds to step 712 if it is determined that
the GPS satellite 10; is not newly captured and that the error in PSR(i) in the currént cycle
does not exceed the given allowable range.  As another alternative example, regardless of the
captured time period of the GPS satellite 10;, the process may proceed to step 708 if it is
determined that the error in PSR(i) in the current cycle exceeds the given allowable range, and
the process may proceed to step 712 if it is determined that the error in PSR({) in the current
cycle daes not exceed the given allowable range, ‘

[0084] Instep 708, the estimated value of the previous value PSR;(i-1) of PSR,;, that is,
the estimated previous value PSR;p is computed in the PSR previous value estimating section
218. The computing method of the estimated previous value PSRy is as described above.
The processing in step 708 is executed only in a first cycle in which the condition in step 706
is true. Alfernatively, when the conditions in above step 706 are true for consecutive cycles,
the processing in step 708 may only be executed for the first cycle.

[0085] Instep 710, the estimated value of the current value PSR;(i) of PSR;, that is,
EPSR;(i) is comimted in the PSR estimating section 212. The computing method of
EPSR(i) is as described above. In other words, EPSR;(i) is computed by the following
equation, for example, by using the current value ADR((i) that is obtained from the ADR

_computing section 208 and the previous value ADR(i-1) that is obtained from the computed

value storing section 216:
EPSR;(i) = EPSR,(i-1) + ADR;(i) — ADR;(i-1).
Here, EPSR;(i-1) is a previous value, and in an cycle in which step 708 is executed, the
estimated previous value PSR;q obtained in step 708 is used.

[0086] If EPSRy(i) is computed in step 710, PSR(J) obtained in step 702 will be
replaced with EPSR;(i). In other words, PSR(i) obtained in step 702 is discarded when the
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condition in step 706 is true, and EPSRy(i) is computed instead.

[0087] Instep 712, it is determined whether or not PSR(i) or EPéR(i) is computed for
all the observable GPS satellites 10. I the condition is true, the process leaves the loop 2
and proceeds to step 714. Meanwhile, if PSR(i) or EPSR(i) has not been computed for one
or more of the GPS satellites 10, the processing in the loop 2 (the processing from step 702) is
executed for the appropriate GPS satellites 10.

[0088] Instep 714, it is determined whether or not GPS positioning computation is
possible in the position computing section 214,  In other words, it is determined whether or
not the positioning by the satellite navigation method (positioning by the equation 3) that is
described in the first embodiment is possible. For example, it may be determined that the
GPS positioning computation is possible when the number of the GPS satellites 10 for which
PSR(i) or EPSR(i) is computed is equal to or larger than a given number. The given number
may be 3, but preferably be equal to or larger than 4 to eliminate the clock error. .
Alternatively, it may be determined that the GPS positioning computation is possible when
the number of the GPS satellites 10 for which PSR(i) or EPSR(J) is computed is equal to or
larger than a given number Th1, and when the number of the GPS satellites 10 for which
PSR(i) is computed is equal to or larger than a given number Th2. In this case, the given
number Th1 may be an appropriate number equal to or larger than 4, and the given number
Th2 may be set smaller than the given number Th1 (for example, 2). If it is determined in
step 714 that the GPS positioning computation is possible, the process proceeds to step 716.
If it is determined in step 714 that the GPS positioning computation is impossible, the process:
proceeds to step 718,

[0089] Instep 716, the position of the vehicle 90, (Xu(i), Yu(i), Zu(1)), in the current
cycle (i) is computed in the position computing section 214’ by using PSR(i) or EPSR(i)
obtained for each of the GPS satellites 10 in the loop 2 in the current cyclé (). The
computing method of the position of the vehicle 90 is as described above. However, if the
number of the observed GPS satellites 10 is larger than that required for positioning, PSR(i)
may be used preferentially to EPSR(i).

[0090] Instep 718, the position of the vehicle 90, (Xu(3), Yu({), Zu(1)), is computed by
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the inertial navigation method in the position computing section 214’  The computing
method of the position of the vehicle 90 by the inertial navigation method is as described
above.

[0091] Instep 720, the positioning result obtained in step 716 or 718, ADR, and the
current values of the satellite positions are stored in the computed value storing section 216.
These computed values are used as “previous values” in the next cycle.

[0092] Instep 722, positioning in the current interval is terminated, and the pracess
from the loop 1 is repeated in the next cycle.

[0093] The second embodiment of the present invention described above particularly
have the following effects.

According to the second embodiment of the present invention, as described above, the highly
accurate positioning can be started and maintained by using EPSR;, which is appropriately
estimated, instead of PSR; even in a time period in a short time since the capture of the
satellite 10; or a time period in which the accuracy of PSR according to the GPS satellite 10;
islow. Accordingly, the positioning with high accuracy can be started from the time
immediately after the GPS satellite 10; is newly captured, for example, and can be maintained
even when the accuracy of PSR; according to the GPS satellite 10; is temporarily degraded
under the influence of the multipath, efc.

[0094] What to be specially emphasized is that, according to the second embodiment,
even when the position of the vehicle 90 cannot be computed by the satellite navigation
method in the previous cycle due to a reason that the number of the observable GPS satellites
10 is insufficient, for example, it is still possible to compute the estimated previous value
PSRjo by using the positioning result (previous value) because the position of the vehicle 90 is
obtained by the inertial navigation method in the previous cycle. In other words, according
to the second embodiment, the estimated previous value PSRjp (and consequently, EPSR;
based thereon) can be computed in any cycle because the positioning result can be output
cither by the satellite navigation method or by the inertial navigation method.

[0095] Although the detailed descriptions for the embodiments of the present

invention have been provided, the present invention is not limited to the aforementioned
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embodiments, and various modification and replacement to the aforementioned embodiments
may be allowed without departing from the scope of the invention.

[0096] For example, in the above embodiments, the PSR estimating section 212 and
the PSR previous value estimating section 218 may be operated only when the determination
result in the above PSR error determination section 206 is negative, that is, only in a cycle in
which the error in PSR; after the filtering process exceeds the given allowable range.

[0097] In the above embodiments, part of various functions performed by the GPS
receiver 20 may be performed by an external computer that is connected to the GPS receiver
20, or may be performed in cooperation with an external computer that is connected to the

GPS receiver 20.
[0098] In the above embodiments, the filter 205 is used; however, the filter 205 may

be omitted.

[0099] In the above embodiments, the determination processing is executed every
positioning cycle in the PSR error determination section 206; however, the determination
processing may be executed once per a plurality of positioning cyclés or at random cycles
(any cycle that is synchronized with the positioning cycle). In addition, the determination
processing in the PSR error determination section 206 may only be executed for a given time
period after the new GPS satellite 10 is captured. From the similar perspective, processing
shown in FIG. 4 and FIG. 7 may only be executed for a given time period after the new GPS
satellite 10 is captured.

[0100] In the above embodiments, PSR is derived by using the C/A-code; however,
PSR can be éomputed based on another pseudo random noise cade such as a P-code on an L2
carrier. It should be noted that because the P-code is encrypted with a W-code, the P-code

may be decoded by the DLL that uses a cross-correlation method upon synchronization of the

. P-code. PSR based on the P-code can be obtained by measuring M, bit of the P-code

received by the vehicle 90 because the P-code of the GPS satellite 10 starts at O bit, and the

following equation is used: PSR = M, x 30.
[0101] The above embodiments show the example in which the present invention is

épplied to GPS; however, the present invention is also applicable to other satellite systems
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including a Global Navigation Satellite System (GNSS) such as Galileo.

[0102] While the invention has been described with reference to example
embodiments thereof, it should be understood that the invention is not limited to the example
embodiments or constructions. To the contrary, the invention is intended to cover various
modifications and equivalent arrangements. In addition, while the various elements of the
example embodiments are shown in various combinations and configurations, which are
example, other combinations and configurations, including more, less or only a single element,

are also within the spirit and scope of the invention.
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CLAIMS

1. Amoving body positioning device through which a moving body receives a radio
wave from a satellite to determine the position of the moving body, the moving body
positioning device chafacterized by comprising:

PSR computing means for computing a pseudorange between a satellite and the
moving body per given cycle based on an observed phase of a pseudo random noise code on
a satellite wave;

ADR computing means for computing an accumulated Doppler range per given cycle
based on an observed Doppler frequency of the satellite wave;

positioning means for determining a position of fhe moving body based on the
pseudorange computed by the PSR computing means;

satellite position computing means for obtaining information representing a satellite
position and computing the satellite position per given cycle;

previous value PSR éstimating means for computing an estimated previous value as an
estimated value of a pseudorange in a previous cycle based on a magnitude of a difference
vector between a positioning result of the moving body in the previous cycle that is
optained from the positioning means and a computed result of the satellite position in the
previous cycle that is obtained from the satellite position computing means;

PSR estimating means for computing an estimated pseudorange as an estimated value

. of the pseudorange in a current cycle by adding the estimated previous value that is |
computed by the previous value PSR estimating means to a difference between the
accumulated Doppler ranges that are computed by the ADR computing means in the current

 and previous cycles; and .

PSR error determination means for determining whether an error in the pseudorange
that is computed by the PSR computing means exceeds a given allowable range,

wherein the positioning means determines the position of the moving body in the
current cycle based on the estimated pseudorange that is computed by the PSR estimating

means instead of the pseudorange that is computed by the PSR computing means in the
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current cycle when the PSR error determination means determines that the error in the

psendorange that is computed by the PSR computing means in the current cycle exceeds the

given allowable range.

2. The moving body positioning device according to claim 1, wherein the positioning
means determines the position of the moving body in the current cycle based on the
estimated pseudorange that is computed by the PSR estimating means instead of the
pseudorange that is computed by the PSR computing means in the current cycle when at
least either one of the following conditions is met: the PSR error determination means
determines that the error in the pseudorange that is computed by the PSR computing means
in the current cycle exceeds the given allowable range, and a given time period has not been

elapsed since a satellite related to the above pseudorange is captured.

3. The moving body positioning device according to claim 2, wherein the positioning
means determines the position of the moving body in the current cycle based on the
estimated pseudorange that is computed by the PSR estimating means instead of the
pseudorange that is computed by the PSR computing means in the current cycle when the
PSR error determination means determines that the error in the pseudorange that is
computed by the PSR computing means in the current cycle exceeds the given allowable

range, and when the given time period has not been elapsed since the satellite related to the

above pseudorange is captured.

4, The moving body positioning device according to claim 2 or 3, wherein the
determination of whether the satellite is newly captured is made based on a captured time
period that corresponds with a time period required for filtering process of the psendorange

and that starts from a cycle in which the satellite is captured.

5. The moving body positioning device according to claim 4, wherein the filtering
process is carrier smoothing with a Hatch filter or a Kalman filter.
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6. The moving body positioning device according to claim 1, wherein the positioning
means executes positioning by an inertial navigation method with information from an INS
sensor when it is impossible to execute positioning by a satellite navigation method based
on a reception result of the satellite wave, and the positioning result of the moving body in
the previous cycle that is computed in the positioning means and used in the previous value
PSR estimating means includes a positioning result derived by the inertial navigation

method.

7. 'The moving body positioning device according to claim 6, wherein the positioning
means performs positioning by the satellite navigation method when the number of
satellites for which either the pseudorange or the estimated pseudorange is computed is

equal to or greater than three.

8. The moving body positioning device according to claim 6, wherein the positioning
means performs positioning by the satellite navigation method when the number of
sate]lites for vs}hich the estimated psendorange is computed is equal to or greater than four,
and when the number of satellites for which the psendorange is computed is equal to or

greater than two.

9. The moving body positioning device according to claim 1, wherein the PSR error
determination means compares a difference APSR that is a difference between
pseudoranges that are computed by the PSR computing means in the previous and current
cycles with a difference AADR that is a difference between accumulated Doppler ranges
that are computed by the ADR computing means in the previous and current cycles, and
determincs whether an crror in the pseudorange that is computed by the PSR computing

means exceeds the given allowable range based on a comparative result.

10. The moving body positioning device according to claim 9, wherein the PSR error
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determination means determines that the error in the pseudorange that is computed by the
PSR computing means exceeds the given allowable range when an absolute value JAPSR -~

AADR| of a difference between the difference APSR and the difference AADR exceeds a

given threshold value.

11. The moving body positioning device according to claim 1, wherein the positioning
means determines the position of the moving body in the current cycle based on the
pseudorange that is computed by the PSR computing means in the current cycle when the
PSR error determination means determines that the error in the pseudorange that is

computed by the PSR computing means in the current cycle does not exceed the given

allowable range.

12. The moving body positioning device according to claim 1, wherein the previous value
PSR estimating means computes the estimated previous value by adding the magnitude of

the difference vector to an estimated value of a clock error that is included in the

pseudorange.

13. The moving body positioning device according to claim 12, wherein the estimated

value of the clock error is computed by calculating back from the positioning result of the

. positioning means.

14, The moving body positioning device according to claim 1, wherein when the PSR
error determination means determines for consecutive two or more cycles that ﬁe error in
the pseudorange that is computed by the PSR computing means exceeds the given
allowable range, the PSR estimating means computes the estimated pseudorange in the first
cycle of the two or more cycles by adding the estimated previous value to a difference
between the accumulated Doppler ranges that are computed by the ADR computing means
in the previous and current cycles, and from the second cycle onward by adding the

estimated pseudorange that is computed in the previous cycle to the difference between the
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accumulated Doppler ranges that are computed by the ADR computing means in the

previous and current cycles.

15. Amoving body positioning method through which a moving body receives a radio
wave from a satellite to determine the position of the moving body, the moving body
positioning method characterized by comprising:

computing a pseudorange between a satellite and the moving body per given cycle
based on an observed phase of a pseudo random noise code on a satellite wave;

computing an accumulated Doppler range per given cycle based on an observed
Doppler frequency of the satellite wave;

determining the position of the moving body per given cycle based on the computed
pseudorange;

obtaining information representing a satellite position and computing the satellite
position per given cycle;

computing an estimated previous value as an estimated value of the'pseudorange ina
previous cycle based on a magnitude of a difference vector between a positioning result of
the moving body in the previous cycle and a computed result of the satellite position in the
previous cycle;

computing an estimated pseudorange as an estimated value of the pseudorange in a
current cycle by adding the estimated previous value, which has been computed, to a
difference between the accumulated Doppler ranges computed in the previous and current
cycles;

determining whether an error in the computed pseudorange exceeds a given allowable
range; and

determining the position of the moving bady in the current cycle based on the
estimated pseudorange, which has been computed, instead of the pseudorange that is
computed in the current cycle when it is determined that the error in the pseudorange that is

computed in the current cycle exceeds the given allowable range.
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16. Amoving body positioning device through which a moving body receives a radio
wave from a satellite to determine the position of the moving body, the moving body
positioning device comprising:

a PSR computing section that computes a pseudorange between a satellite and the
moving body per given cycle based on an observed phase of a pseudo random noise code on
a satellite wave;

an ADR computing section that compnutes an accumulated Doppler range per given
cycle based on an observed Doppler frequency of the satellite wave;

a positioning section that determines a position of the moving body based on the
pseudorange that is computed by the PSR computing section;

a satellite position computing section that obtains information of a satellite position
and computes the satellite position per given cycle;

a previous value PSR estimating sectjon that computes an estimated previous value as
an estimated value of the pseudorange in 2 previous cycle based on a magnitude of a
difference vector between a positioning result of the moving body in the previous cycle that
is obtained from the positioning section and a computed result of the satellite position in the
previous cycle that is obtained from the satellite position computing section;

a PSR estimating section that computes an estimated pseudorange as an estimated
value of the pseudorange in a current cycle by adding the estimated previous value that is
computed by the previous value PSR estimating section to a difference between the
accumulated Doppler ranges that are computed by the ADR computing section in the
previc;us and current cycles; and

a PSR error determination section that determines whether an error in the pseudorange
that is computed by the PSR computing sectidn exceeds a given allowable range,

wherein the positioning section determines the position of the moving body in the
current cycle based on the estimated pseudorange that is computed by the PSR estimating
section instead of the pseudorange that is computed by the PSR computing section in the
current cycle when the PSR error determination section determines that the error in the

pseudorange that is computed by the PSR computing section in the current cycle exceeds
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the given allowable range.
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