TITLE OF THE INVENTION SAIELLITE POSITIONING SYSTEM AND POSITIONING SIGNAL
RECEIVER 5 TECHNICAL FIELD [0001] The present invention relates to a technique for
determining a position through positioning signals transmitted from a satellite positioning system as
generally represented by a global positioning system and, more specifically, to a technique for
10shortening a time period from activation to position determination in a positioning signal receiver.
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BACKGROUND ART
[0002]

15 A satellite positioning system specifies a position by measuring positioning
signals transmitted from a plurality of satellites. For example, an on-board clock is
used for generation of a regular, generally sequential, series of events, often called
"epoch”, and a clock time of occurrence of the epoch is coded to a random number code
or a pseudo random number code (hereinafter, referred to as a spreading code). The

20  spreading coded radio wave is received by a receiver, and a phase difference between a
spreading code generated at a timing based on a clock time of the receiver and the
spreading code of the received signal is measured to thereby determine a distance
between the positioning satellite and the receiver.

[0003]

25 One example of such a satellite positioning system includes a global
positioning system (GPS). The GPS typically operates by using a plurality of
frequency bands such as L1, L2 and L5, each having a center frequency at 1575.42
MHz, 1227.6 MHz and 1176.45 MHz, respectively. Each signal in these frequency
bands is modulated by a respective spreading signal. As can be readily understood by

30 those having ordinary skill in the art, a CA (Coarse Acquisition) code signal emitted by



[0004] Further, other instance of the satellite positioning system includes a Quasi-Zenith Satellite
System (QZSS) that is being developed in Japan (Non-Patent Document 1). As with the UPS, the
QZSS also operates by using a plurality of 10 frequency bands such as Li, L2 and L5, each having a
center frequency at 1575.42 MHz, 1227.6 MHz and 1176.45 MHz, respectively. In addition to the same
spreading code rate of 1.023 MHz and data transmission rate of 50 bps as those of the UPS, the

1575.42 M ' i . ' ' readi 0. ta
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In the positispreddirgnovuiticnepetiipmete) oy the2sakeHire pohdiciyng systeerimplosdtgvitte ddRaS, a radio
wave transmitted from a positioning satellite is received by a receiver on theﬁ%:ound, and a distance
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is superimposed with orbit information indicative of a position of the positioning satellite itself and clock
information & pveisititgrsitadkythalded ElibEioh BEMRE satellite itself. [0006] 25The receiver is able to
know the p?tsgg)gnand the clock time of the satellite by demodulating the orbit information and clock
information‘tfransmitted from the positioning satellite. In this regard, the orbit and clock information

transmitted by the rasitieningtsateliistaadsangmitied stellitatapssitiomivgiosysaie ofdudps, By which it
takes at least 30 seconds for demodulation of the orbit and clock information. 30[0007 The
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satellite, and a clock time. [0008] S5Further, a GPS receiver, which is one of the positioning signal
receivels, iSrggumnayibindsrpasiatesl ird rdczangelabs tackohawamplesaierefeegreniy ddviéd sdeh as a car

navigation e obijle_pho igital camera, and is becoming essential in a dairy life.
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used by indigighipaseiT .28 WHAsaNH GasiraaadyhieRIreehtéromse WS ROINGS tNEIHE ' GPBetidn
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specifies thé8stidW 7 ds! i B ye8sibRINEDNBYING O AR EALHY FREMEUS br Ko tdtAGHich a time
period to thg pASIYEAmission rate of 250 bps, called "L1-SAIF signal”, which is faster than the

15 L1C/Asignal.
[0005]
In the position determination performed by the satellite positioning system
including the GPS, a radio wave transmitted from a positioning satellite is received by a
receiver on the ground, and a distance between the satellite and the receiver is measured

20  based on a propagation time of the radio wave from the satellite to the receiver. In this
case, the radio wave transmitted from the positioning satellite is superimposed with
orbit information indicative of a position of the positioning satellite itself and clock
information representing clock time deviation of the satellite itself.

[0006]

25 The receiver is able to know the position and the clock time of the satellite by
demodulating the orbit information and clock information transmitted from the
positioning satellite. In this regard, the orbit and clock information transmitted by the
positioning satellite is transmitted at a data transmission rate of 50 bps, by which it
takes at least 30 seconds for demodulation of the orbit and clock information.

30 [0007]



determination is a scheme called A-UPS (Assisted UPS) (Patent Document 1, as one example of
A-UPS terminals and positioning methods). The A-UPS scheme generally involves an approach for
shortening a time period it takes until the position is determined by externally inputting, as assist
information, the orbit information and the 20 clock information of the positioning satellite to the
positioning signal receiver using mainly a mobile telephone line, thereby to save the 30 seconds effort

of demodulating thﬁrﬂEblj&?bi t %c?ﬂd@[ﬁ&é&%ﬂﬂwﬂ@ ﬁo@tﬂ%ﬁ %ﬁgﬁ%ﬁ%%ﬁﬁﬂe?%‘?%&?ﬁﬁ&”ing

satellite. [0011] 25However, cheme has a problem that it requires real-time
communicabibtritaaatiorsusmgs aneesbiied tekdphohehingistanbe betwpgred fdo@biguioingpaskist
information from outside the receiver, so that it cannot be applied to receivers having no real-time

communicaliShhfeaRVES0A BPEEFRAER A tAlE! et 35 ThY M5 A-UPS scheme to the receivers
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position detesuidagbarsyampeashobiénphons eanaideying earridicendrizvidiegniing assistianfiorenation
effective for such a relatively long time or long period to the receiver, the long effective period
improves tfEYl8nience for a user of the service because it requires less frequency of input of 10
the assist ir[fggég tion. For example, if the assist information effective for one month can be created, a
quick position determination becomes possible, by requiring the user of the service to input the assist
infornidtion to the rddeiredoreniy theceasermbanieléotraniedsyisaestuinah aftabdaghonpuwiomis]

oo AR b R R B R . o
an accuraté)ﬂrhﬁmmdiﬁﬁﬁn mogiedravhity fandheopleakidntermadion, tiseeyentdaliolimpopsidle to acquire
the information effective for a long period because creation of an accurate orbit prediction model is
theoriticallyPRSIHSUBSIBIBCIIS TS ARt paRO I AerD eesiennS TRSAIEN S ESStUMMERPPSPIB014]
25Patent Dm@rﬁnt 1: JP 2005-083859A
15 One of the methods for shortening such a time period to the position
determination is a scheme called A-GPS (Assisted GPS) (Patent Document 1, as one
example of A-GPS terminals and positioning methods). The A-GPS scheme generally
involves an approach for shortening a time period it takes until the position is
determined by externally inputting, as assist information, the orbit information and the
20  clock information of the positioning satellite to the positioning signal receiver using
mainly a mobile telephone line, thereby to save the 30 seconds effort of demodulating
the orbit and clock information from a radio wave transmitted by the positioning
satellite.
[0011]
25 However, the A-GPS scheme has a problem that it requires real-time
communication means, such as a mobile telephone line, to be equipped for acquiring
assist information from outside the receiver, so that it cannot be applied to receivers
having no real-time communication means.
[0012]

30 Then, in the case of applying the A-GPS scheme to the receivers having no



[NON-PAI ENT DOCUMENTS] [0015] Non-Patent Document 1: Japan Aerospace Exploration
Agency: "User Interface Specifications for Quasi-Zenith Satellite System (IS-QZSS)" Ver. 1.1, July 31,
2009, 30Internet <URL.: http://gzss.jaxa.jp/is-qzss/> SUMMARY OF THE INVENTION [OBJECT TO
BE ACCOMPLISHED BY THE INVENTION] [0016] 5It is therefore an object of the present invention to
overcome the forgoing problem and to provide, for example, a satellite positioning system and a

]POS'“O”'.”Q 8l -Eﬁ?%%’rﬁ{%EHSnS%@'AQS‘?ep&ﬁLfﬂUH?@a@Xﬁ?‘ﬁ%a‘a‘?"}ﬁe?é‘%ba'ep8§s§'b‘f%r%e@%%&t'f6‘e period
rom activation to position determination in the positioning sighal receiver, in a system, for example, for
determiningripposaistn bifsataios gositiasiagy sipitadd Atcdosknafetidrposia adateylisetgldisitiahang system
as represented by a global positioning system (UPS). [MEANS TO ACCOMPLISH THE OBJECT]
[0017] 15THECLHARE 55U IR A NN POMAR SHEsEHIGORRNRUER S SReEsA8d 8 Rt SFising: a

global pOSiti’BF‘H}&rﬁwé%ﬁéé‘a%gﬁ‘?ﬁ*ﬁ‘ig SR IRCRIVEN R 19 WalketHaetab st snietmatiag Mroviding
system for providing satellite orbit information as assist information which is offered low-frequently; a
clock irffornteibith e ackdnfoingaiins angneites yfdhempositioning aa@Hgefdrtrag sheineiipthin clock

information to the 20 positioning signal receiver, ?H ein. the clock information.generator js operable
to superim LR A B St L T BB S  RE B R Doationng

signal receisiesridacie QZ&mniditing pcsiticcyNgciiiag heaivdstisnipenatits toffietrminesagnosition of
the positioning signal receiver by using a measured distance value between the UPS and the

positioning 3itikall Yelel0Bs 1e tHdUMARIOD3BBR [9FSIMEALIES, IaR BReUNBILRHBMYRRGRY§DO01 8]

the convenience for a user of the service because it requires less frequency of input of

10  the assist information. For example, if the assist information effective for one month
can be created, a quick position determination becomes possible, by requiring the user
of the service to input the assist information to the receiver only once a month, for at
least one month after each input.

[0013]

15 However, even in the above approach, for the orbit information of the satellite
among the assist information, it is possible to acquire the information effective for a
long period due to the existence of an accurate orbit prediction model, while for the
clock information, it is eventually impossible to acquire the information effective for a
long period because creation of an accurate orbit prediction model is theoritically

20  impossible.
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The clock information is transmitted to the positioning signal receiver over a satellite radio. [0019]
30The QZS is a terrestrial radio unit, and the clock information is transmitted to the positioning signal
receiver over a terrestrial radio of the terrestrial radio unit. [0020] The clock information comprises
clock information for a plurality of satellites in a bit assignment format treated as one message. 5
[EFFECT OF THE INVENTION] [0021] The present invention makes it possible to significantly
shorten a time period from activation to position determination in a positioning signal receiver even if it
has 10 been impossible heretofore, in a system, for example, for determining a position based on a
positioning Slgvaras OFtEHEEdN\ENTiIN positioning system as represented by a global positioning
system (UPSé.%BRIEF DESCRIPTION OF THE DRAWINGS 15]0022] FIG 1 is an explanatory diagram

for explainirﬂ #&BRI@%MWM@H%I?%T%E MR of a satellite positioning system

according t resent invention. FIG 2 is an explanatory diagram for explaining a specific example
of a bit assignment format of clock information in one embodiment of the satellite positioning system
20accdrding to the Présdheriefpseition OFIEst3ofiuBergieasent éxamita 4o 0P Ngitaoioagring QZS

indicator of Clob% infor IE;uon ngne embodlr?ent ofttg?ﬁ satellite osmor}mrg gxatem according to the

. problem an rovi or ex e.:a satellite posiioning sys a.positioning? .
present invention. IS an explana oPy diagram %orpexptlalnl ast cldck OffEE infommation of all

the 25UPS sigtelliteseés, Slis aatekidapasiyriiaotysiciar exptpicipgte vidisehpastctiral drift
parameters of 32 satellites in.a UPS. . o ) ) .
period from activation to position determination in the positioning signal receiver, in a
system, for example, for determining a position based on a positioning signal
10 transmitted from a satellite positioning system as represented by a global positioning

system (GPS).

[MEANS TO ACCOMPLISH THE OBJECT]
[0017]

15 The satellite positioning system of the present invention is characterized by
comprising: a global positioning system; a positioning signal receiver; a low-frequent
assist information providing system for providing satellite orbit information as assist
information which is offered low-frequently; a clock information generator for
generating clock information; and a QZS for transmitting the clock information to the

20  positioning signal receiver, wherein the clock information generator is operable to
superimpose the clock information onto a L1-SAIF signal of the QZS and transmit it to
the positioning signal receiver via the QZS, and the positioning signal receiver is
operable to determine a position of the positioning signal receiver by using a measured
distance value between the GPS and the positioning signal receiver 102, the satellite

25  orbit information, and the clock information.

[0018]

The clock information is transmitted to the positioning signal receiver over a
satellite radio.
[0019]

30 The QZS is a terrestrial radio unit, and the clock information is transmitted to



FIG 6 is an explanatory diagram for explaining an example system configuration in other embodiment
of a satellite positioning system according to the present invention. 30 DESCRIPTION OF
EMBODIMENTS [0023] An embodiment of a satellite positioning system and a positioning signal
receiver according to the present invention will now be described in detail. 5[0024] FIG 1 illustrates
an example system configuration in one embodiment of a satellite positioning system according to the

present i”"gﬁ&fif}é‘silpo%?éi Qﬁgﬁa?%ﬁgi%ﬂo&?é?%gg?’%&ﬁ%ﬁe i‘o%f‘%ﬂ@l@ﬁ%&ﬁjé\ paRAlppsitioning system

10 (UPS) 101, 'a positioriing signal receiver ow-frequent assist iInformation providing system
103 for proy@bpg)a satellite orbit as assist information which is offered low-frequently, a clock
information generator 104 for generating clock information generated accordinﬁ%tio the present

invention, and a QZ'4 GFr RN TIAIAR S AP ERSSICIRFS PRI HRA dPLR A MRS RRIHE D resent

invention. 15[QQR6)ssignMdCIeRkdDiRERRLIQ e RREaiRIe1 04 superimposes the clock information onto
an Li-SAIF signal of the QZS having a data transmission rate of 250 bps, and transmits it to the

positiofing signal receiver 102 via the QZS 105. Then, the positioning signal receiver 102 determines
a position o(/'ﬁg%‘ i i ce value between the 20 UPS 101 and the positioning
signal recei %r 1 (Zuﬁégs %ngﬁﬁt@oﬁn?having a long effective period provided as assist
information[@ JJPS clock information according to the present invention. [0027] FIG 2 illustrates a
specific bit assignment format of the clock information. In 25 the format 200, 250 bits are treated as

one message. The he PRSSEAGRVEBHAYZIEKSS HitBASEIE dm BN BRI IRPPEI0R bits of
issue numbgg,32 Bits R8BS BadicAtakwe Rt ab RSO BfsHAT SigRk AesRatianfrr P patellites

(afoist to afoi)th), each consisting of 17 bits, 3 bits of spare area, and 24 bits of check bit. [0028] 30In
this cdée, tinedollowsgithederzbaforasiare systpranfiaigxapplatddrfoeteranining a position based
on a positioning signal transmitted from a satellite positioning system as represented by

a global positioning system (GPS).

BRIEF DESCRIPTION OF THE DRAWINGS
15 [0022]
FIG. 1 is an explanatory diagram for explaining an example system configuration in one
embodiment of a satellite positioning system according to the present invention.
FIG. 2 is an explanatory diagram for explaining a specific example of a bit assignment
format of clock information in one embodiment of the satellite positioning system
20  according to the present invention.
FIG. 3 illustrates an example of a GPS indicator and a QZS indicator of clock
information in one embodiment of the satellite positioning system according to the
present invention.
FIG. 4 is an explanatory diagram for explaining past clock offset information of all the
25  GPS satellites.
FIG. 5 is an explanatory diagram for explaining behaviors of past clock drift parameters
of 32 satellites in a GPS.
FIG. 6 is an explanatory diagram for explaining an example system configuration in
other embodiment of a satellite positioning system according to the present invention.

30



preamble, as defined in a section 5.4.3.1.1 of the Non-Patent Document 1 as an example. [0029]
[Table 1] Pattern A 01010011 Pattern B 10011010 Pattern C 11000110 5 [0030] A start of
transmission of the first bit of the preamble of pattern A is synchronized with a start of navigation
message sub-frame of the 6 seconds long L1C/A signal. Then, the preamble of the message
transmitted next to the message having a 10 preamble of pattern A will be pattern B. The pattern B is

followed bytgé\g WSEEI{}IB%HWE?\!%HH” A. The preamble is also subjected to a FEC

coding, where It |s co In'the same way as other bits in the message block. Therefore, the preamble
indicates a f3623pf the message block, but it cannot be used for signal capturing or for bit

synchronization prior to 1-EC decodlng process. 15[0031] As to the message type ID, each
message has 6 bits"8t HE094}BeRk 8 I@ﬁﬁﬁ%‘ﬁ%&ﬂﬁl@%ﬁ‘ﬁ@sé&ﬁ%@y%g & BRENRY gkl in a

section 5.4.3R &N RARIHROGHTIRBRARIAN RSABRI8esERBEORABIAT data area is defined as

described below according to the message type. The following table illustrates a list of the message 20
types (SAIHPA24kage types) [0032]

FIG. 1 illustrates an example system configuration in one embodiment of a
satellite positioning system according to the present invention.
[0025]
The satellite positioning system 100 comprises a global positioning system
10 (GPS) 101, a positioning signal receiver 102, a low-frequent assist information
providing system 103 for providing a satellite orbit as assist information which is
offered low-frequently, a clock information generator 104 for generating clock
information generated according to the present invention, and a QZS 105 for
transmitting the clock information generated according to the present invention.
15 [0026]

The clock information generator 104 superimposes the clock information onto
an L1-SAIF signal of the QZS having a data transmission rate of 250 bps, and transmits
it to the positioning signal receiver 102 via the QZS 105. Then, the positioning signal
receiver 102 determines a position of itself using a measured distance value between the

20  GPS 101 and the positioning signal receiver 102, GPS orbit information having a long
effective period provided as assist information, and GPS clock information according to
the present invention.

[0027]

FIG. 2 illustrates a specific bit assignment format of the clock information. In

25  the format 200, 250 bits are treated as one message. The one message comprises 8 bits

of preamble, 6 bits of message type ID, 2 bits of issue number, 32 bits of GPS indicator,

1st 10th

5 bits of QZSS indicator, clock information for 10 satellites (afy™ to af,™ ), each
consisting of 17 bits, 3 bits of spare area, and 24 bits of check bit.
[0028]

30 In this case, the following three patterns are sequentially repeated for the



[Table 2] Type ID Message Name Remarks O Test mode 1 PRN mask 2-5 High-speed correction 6
Integrity information 7 (High-speed correction deterioration factor)

preamble, as defined in a section 5.4.3.1.1 of the Non-Patent Document 1 as an
example.

[0029]

[Table 1]

Pattern A 01010011

Pattern B 10011010

Pattern C 11000110

[0030]

A start of transmission of the first bit of the preamble of pattern A is
synchronized with a start of navigation message sub-frame of the 6 seconds long L1C/A
signal. Then, the preamble of the message transmitted next to the message having a

10  preamble of pattern A will be pattern B. The pattern B is followed by pattern C, and
then it returns to pattern A. The preamble is also subjected to a FEC coding, where it
is coded in the same way as other bits in the message block. Therefore, the preamble
indicates a start of the message block, but it cannot be used for signal capturing or for
bit synchronization prior to FEC decoding process.

15 [0031]

As to the message type ID, each message has 6 bits of message type ID which
identifies message types of 0 to 63, as defined in a section 5.4.3.1.2 of the Non-Patent
Document 1 as an example. The content of data area is defined as described below
according to the message type. The following table illustrates a list of the message

20  types (SAIF message types).

[0032]

[Table 2]

Type ID | Message Name Remarks
0 Test mode

1 PRN mask

2-5 High-speed correction




10 Deterioration factor 18 TOP mask 24 Composite high-speed/long-term correction 25 Long-term
correction 26 lonospheric propagation delay correction 28 Clock-orbit covariance

6 Integrity information

7 (High-speed correction deterioration factor)

10 Deterioration factor

18 IGP mask

24 Composite high-speed/long-term correction

25 Long-term correction

26 lonospheric propagation delay correction

28 Clock-orbit covariance

40-51 Reserved for utilization demonstration LI-SAIF + Message
52 TGP mask

53 Tropospheric delay correction

54-55 (Atmosphere delay correction) TBD

56 Signal bias correction information

57 (Reserved for orbit information) TBD

58 QZS ephemeris Temporary
59 Almanac information TBD

60 (Wide-area information/Maintenance information) | TBD

62 (Reserved for internal test)

63 Null message

[0033]

The issue number is counted up by one when the values of the GPS indicator
and the QZSS indicator as described below are modified. It should be noted that
5 11(Bin) is followed by 00(Bin).
[0034]
The GPS indicator and the QZSS indicator indicate, according to ON positions
of the bits (e.g., positions where the bits are 1), to what number of satellites of the GPS
and of the QZSS the clock information contained in the message belongs. For

10  example, as illustrated in FIG. 3, if 2nd, 5th, 10th, 15th, 19th, 20th, 23rd, 24th and 29th



40-51 Reserved for utilization demonstration LI-SAIF + Message 52 TOP mask 53 Tropospheric delay
correction 54-55 (Atmosphere delay correction) TBD 56 Signal bias correction information 57
(Reserved for orbit information) TBD 58

bits from the most significant bit of the GPS indicator and 2nd bit from the most

significant bit of the QZSS indicator are "1", then this means that the message contains

clock information for 2nd, 5th, 10th, 15th, 19th, 20th, 23rd, 24th and 29th satellites of

the GPS and 2nd satellites of the QZSS. In this case, it is ensured that the clock
5 information for 10 satellites contained in this message is arranged in an order of having

the smallest satellite number viewed from the most significant bit of the message.

[0035]

The clock information for one satellite consists of 17 bits, and the information

means a clock offset of the satellite. The 17 bits are numerical values of two's
10  complement representation with a scale factor (or an LSB) of 7.43 [ns] (corresponding
to 2.23 [m]). In this case, the range which can be represented by 17 bits is +/- 0.5 [ms].
This is a sufficient range for the latest GPS satellite (after the block IIR).
[0036]
FIG. 4 illustrates clock offset information of all the GPS satellites in the past
15 1.5vyears. Asillustrated in FIG. 4, there are some clock offsets exceeding the range of
+/- 0.5 [ms]. However, these are the GPS satellites of old generation (block I1A),
which are scheduled to be expired in a short time and replaced with those of newer
generation in view of the time of filing this application. Then, clock offsets for the
newer generation satellites (after block IIR) are within the range of +/- 0.5 [ms].
20  [0037]

While the clock information for one satellite is comprised of 17 bits in the
illustration here in order to insert the clock information for ten satellites in a message
delimited by 250 bits, if it is comprised of 18 bits alternatively, the scale factor (or the
LSB) can be reduced to half the above-mentioned value.

25  [0038]

The clock offset is generated in the clock information generator 104 according
to the following equation:
b*(t) = af * +af “(t—t,)
Equation (1)

30 [0039]

10



QZS ephemeris Temporary 59 Almanac information TBD 60 (Wide-area information/Maintenance
information) TBD 62 (Reserved for internal test) 63 Null message [0033] The issue number is
counted up by one when the values of the UPS indicator and the QZSS indicator as described below
are modified. It should be noted that 511(Bin) is followed by 00(Bin). [0034]

10

15

20

Where
pE(1)

is a clock offset of a satellite k at a clock time
{

at,’
Is a bias (zero-order term) message of a latest SV clock transmitted by the satellite k,
o,

is a clock drift (first-order term) message of a latest SV clock transmitted by the satellite
k, and
[

is a clock epoch of
af,
and

-k
af,

[0040]

The check bit protects the message such that 24 bits of CRC parity code is
appended to the tail end of the message and the 24 bits of CRC parity has an undetected
error probability of 2% (= 5.96 x 10®) or less when the bit error rate is 0.5 or less for
both of the burst error and random error, as defined in a section 5.4.3.1.3 of the
Non-Patent Document 1.

[0041]

As a generating polynomial for CRC parity, the following polynomial may be
used as an example:

g(X) - X24+X23+X18+X17+X14+X11+X10+X7+X6+X5+X4+X3+X+1
Equation (2)
[0042]

11



The UPS indicator and the QZSS indicator indicate, according to ON positions of the bits (e.qg.,
positions where the bits are 1), to what number of satellites of the UPS and of the QZSS the clock
information contained in the message belongs. For 10example, as illustrated in FIG 3, if 2nd, 5th, 10th,
15th, 19th, 20th, 23rd, 24th and 29th bits from the most significant bit of the UPS indicator and 2nd bit
from the most significant bit of the QZSS indicator are "1", then this means that the message contains

caralites of ho 0745 T e e e R S S AN e S A o ninea.

in this messagsdgearah @e thin cascortl erishbviniy doessmalisstasgtélliternatiobeowtained fincthethe most
significant bit of the message. [0035] The clock information for one satellite consists of 17 bits,
and the infdfafiBf means a clock offset of the satellite. The 17 bits are numerical values of two's 10
compleme sentation with a scale factor (or an LSB) of 7.43 [ns] (corresponding to 2.23 [m]). In
this case, the range which can be represented by 17 bits is +/- 0.5 [ms]. This is a sufficient range for
the latést UPS satellitéhtapesitingibiboiknaRye¢e0d6 [LBRGwhRiustaste iftoaialitf accardingandhef all the

UPS satellites in e Rapt &55 R S-oﬁée‘%'%ftEﬁEe%’al&F ek 5&%%39.‘%%( plfsets
exceeding e range of R ’.SEqmsf (f-lowever, heseare | e"{JI§ gRelfldsos generation (block
HA), which aredeteeichisst ionhReciniiatkiic prabessitig e preeregdasedNvitsthose of newer generation in
view of the time of filing this application. Then, clock offsets for the newer generation satellites (after
block lIR) atB%tthin the range of +/- 0.5 [ms]. 20[0037] While the clock information for one satellite
is compriseg\gf(g.yg)gs(i[n thgjilg{s{r)gﬁo_ntherse in order to insert the clock information for ten satellites in
a message delimited by 250 bits; if it is cOthprised of 18 bits alternatively, the scale factor (or the LSB)
can béteduogpthtioméd) the above-mentioned value. 25[0038] The clock offset is generated in the
clock infornﬁ882§1] generator 104 according to the following equation: bk(t) = afok + afik (t - t") Equation
(1) 30[0039

where

Ar’f(r)_

is a clock offset of satellite number k at a time t, and
BE(t

RCV)

is clock information of satellite number k according to the present invention acquired at
15 atime

f

CRCY

[0046]
Further,

af,’

is a clock drift of satellite number k, which is a newer one of either a clock drift
20  parameter demodulated in the past by the positioning signal receiver from a radio wave

transmitted by a GPS or QZS, or a clock drift parameter input from outside the

positioning signal receiver as assist information. The clock drift parameter has a long

effective period, which may be about one month old from the current clock time.

[0047]

12



Where bk is a clock offset of a satellite k at a clock time ofo, k is a bias (zero-order term) message of a
latest SV clock transmitted by the satellite k, ql11 5is a clock drift (first-order term) message of a
latest SV clock transmitted by the satellite k, and toe is a clock epoch of and 10[0040] The check
bit protects the message such that 24 bits of CRC parity code is appended to the tail end of the
message and the 24 bits of CRC parity has an undetected error probability of 224 (= 5.96 x 108) or

less when the bit erﬁ?éf%;‘?ﬂﬁdsn_%%Qt@r?ﬁéﬁ%kb8%ﬁ’gf?&§%ﬁﬁ%Faﬁ%‘i’e@’bq‘%‘? SatHiids ﬁ\e??i”ed na

section 5.4.3.1.3 of the ocume S a generating polynomial for CRC
parity, the f@RSvIng I® i shuaknmaybenusedias eloskxaniflgagiiiptex afix 2Bahgad Oxbdxtlihel0 777 776
574 3 +A 2i X-2iX1 20 Eguation (2) i i
According to FIG. 5, It ‘can be seen that an amount of change in the clock drift
parameters of most satellites are within +/- 0.01pp10*°(10™?) at a GPS week 1518 which
5 s 5.5 weeks after a GPS week 1512.5 as a beginning of data presentation. The amount
of change in the clock drift parameter being 10> means that when a clock offset

Ar”f(r)_

at an arbitrary clock time t is determined using the Equation (3), if a difference

(I.‘ - rRCV )

between a receiving time of the clock information
hE (¢

RCV)

according to the present invention and the arbitrary clock time is within several hours
10 (e.g., four hours = 14400 seconds), the error in the clock offset

Ar”f(r)_

due to the variation in

o,

would merely be 10™*? x 14400 seconds = 1.44 * 10°® seconds (= 4.3 m), even if
o,

is of 5.5 weeks before the clock time
f

15 [0048]

A specific example use of the positioning signal receiver and the clock
information in one embodiment of the present invention will be exemplified below.
[0049]

The positioning signal receiver acquires the assist information which is offered

20  low-frequently at a frequency of about once a month. The assist information which is

offered low-frequently may be information acquired in an offline environment such as

13



[0042] It should be noted that the receiver performs a CRC parity check on a received message,
and in the case of mismatch, it does not use any information contained in the message. [0043] 5In the
positioning signal receiver 102, when clock information according to the invention is input, the clock
offset of the satellite at an arbitrary clock time can be calculated based on the arithmetic processing
represented as follows. [0044] Ark (I) = bk(Rcv) afik X (I - Rev) 10 Equation (3) [0045] where Atk(t) is a

clock offsetyg éﬁﬁg%ﬁr@%ﬂébﬁds@%ﬂigglﬁ&al%ge&@}[%cgg’g]%gw fafipg el sa H@gﬂgﬁeﬁﬁﬁ according

to the present inventiorracquire me t urther, 1s a clock dri ite number kK,
which is a riewebodetahdiibebsy tHegositiirdfyriganeteeidemtiduiatitibm che ieagttoynihepasitioning
signal receiver from a radio wave transmitted by a UPS or QZS, or a clock drift Earamete_r input from

outside the HOMHIOHIAG LR rEEHIG Y AL RECPREFHRAHBTOFHI'CIBEN i SLEfBIBFAACR long
effective pefigeh Whisl 60e 2b9At GRRMBRAtHEIGESMY G HHIgNECRHHMRe GPS clock

5 information from L1-SAIF signal of the QZS.
[0050]

Other embodiment of the present invention includes a positioning signal
receiver of a digital camera. Specifically, if the assist information which is offered
low-frequently is caused to be input to the digital camera when a picture in the digital

10 camera is to be downloaded to a PC, it becomes possible for the digital camera to
shorten the time for position determination by the assist information in conjunction with
clock information from the L1-SAIF signal without having any communication means
such as a mobile telephone line or a wireless LAN.

[0051]

15 An example use in other embodiment of the present invention will be further

exemplified.
[0052]

The positioning signal receiver has a real-time wireless communication line
with a limited utilization area, such as a wireless LAN. The positioning signal receiver

20  acquires the assist information which is offered low-frequently when it is in a coverage
area of the real-time wireless communication line. Within about one day after
acquisition of the assist information which is offered low-frequently, a position can be
determined in a short time only with the assist information which is offered
low-frequently without taking about 30 seconds to demodulate orbit and clock

25 information from a low speed L1C/A signal of the GPS. After determining the
position, the positioning signal receiver can rapidly acquire the latest clock signal from
the L1-ASIF signal of the QZS and immediately complete its operation. Within about
several hours after the completion of operation, a position can be determined in a short
time with the assist information which is offered low-frequently and the clock

30 information previously acquired from the L1-ASIF signal, with even omitting the

14



[0047] FIG 5 illustrates behaviors of past clock drift parameters of 32 satellites in a UPS. FIG 5
shows how much the clock drift parameter afl changes over time. According to FIG 5, it can be seen
that an amount of change in the clock drift parameters of most satellites are within +/- 0.01pp1010(10
12) at a UPS week 1518 which 5is 5.5 weeks after a UPS week 1512.5 as a beginning of data
presentation. The amount of change in the clock drift parameter being 102 means that when a clock

offset Atk O an A ARA BRI ATFb R RIS PIReS Sn9AR Egyation (R aifernag (- tRev)
R TR e i

between a receiving time o ck information ov = according to the present invention and
the arbitraryhel oitketipeeiosl fathpositwe dtbonirsaiOtecan, howshbaemsd=id 4400tseainteds hpkhetesnor in the
clock offset Afk(t) due to the variation in civil - k would merely be 10 12 x 14400 seconds = 1.44 * 108
seconds (=% 818, 1B Fete YRR TPHESATNe RRRIROHBELIIRRL "EfSLvelime 'E8F oS 11 898 iARIBRample use

of the positighig FiseIakFaeCERErAMIANRI RGO HEDBH AR Wi SRR NALH AR &3Pt invention

will be exemplified below. [0049] The positioning signal receiver acquires the assist information which
is offered 20nesafrequiéntlylaisamekgadhppssitie duimnceva thestmvenignessfer i nasitioniagich is

signal receiver which has only communication means with severely limited utilization
area, such as a wireless LAN.
[0053]
In the present invention, for the orbit information of the assist information, it is
10  possible to create information effective for a long period by an accurate prediction
model, while for the clock information, it is impossible to set a long effective period
because an accurate prediction is theoritically impossible. Therefore, the present
invention is characterized by repeatedly providing only the clock information as assist
information to be input to the positioning signal receiver.
15 [0054]

Thus, the present invention focuses attention on a factor that the clock drift
parameter of the positioning satellite is highly stable, with few changes, and capable of
having a long effective period, and is characterized by reducing an amount of clock
information to be provided and allowing assist information to be provided even in

20  significantly low-speed communication means as compared to a high-speed wireless
communication such as by mobile phones or over a wireless LAN by using the clock
information for which old information is used for the clock drift parameter and only a
clock offset (for bias) is frequently provided.

[0055]

25 FIG. 6 illustrates an example system configuration in other embodiment of a

satellite positioning system according to the present invention.
[0056]

The satellite positioning system 600 comprises a global positioning system

(GPS) 101, a positioning signal receiver 102, a low-frequent assist information

30 providing system 103 for providing satellite orbit and clock information as assist
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offered low-frequently may be information acquired in an offline environment such as by connecting
the positioning signal receiver to a PC via the Internet. When a position is to be determined by the
positioning signal receiver, the position can be determined in a short time without taking about 30
seconds to demodulate orbit and clock information from a low speed L1C/A signal of the UPS, by
rapidly acquiring the UPS clock 5 information from Li-SATE signal of the QZS. [0050] Other
embodime r | N inc tioni ' jver igita a.
Spesticaly THRL A S R o e Ao HeE R Ea SR ARAER T e ciga
camera wherogigintureldckhinfigiiatid® cenezatets twdediogvntoatedpeseit Gnitangionmesdoassible for
the digital camera to shorten_the time for position determinpation by the assist information in conjunction
with clock ifFEEHARS AR e A0 R HEAGRIALYIRA U E 1051 MY APHEMASIRTELRTOACAIEURY Lich as a
mobile telephopR i PR enfidigless LAN. [0051] 15An example use in other embodiment of the present
invention will be further exemplified. [0052] The positioning signal receiver has a real-time wireless
communical®i3The with a limited utilization area, such as a wireless LAN. The positioning signal
receiver 20 acquires the assist,informatio W?ich IS red low-frequently when it is in a.coverage
e of the realima B e R L R T S R R BB e esis
information gahiabeis ofigice driiverfizting rtlyaciopasii®Bucanabe deliezitrechiicawhastdinag ey with the
assist information which is offered low-frequently without taking about 30 seconds to demodulate orbit
and clock 25 ¢oM®4ion from a low speed L1C/A signal of the UPS. After determining the position, the
positioning Eﬁgggj receiver can rapidly acquire the latest clock signal from the L1-ASIF signal of the
QZS and immediately complete its operation. Within about several hours after the completion of
operalidn, a positiok\iale bl prtensvineddoumshisrivimed avittithe pesisoifitorgnthiivspedifitaiooffered
low-frequently, and the cloc information previopsly acquired fram the Li-ASIE .signal, with even
omiting e BN Y ! SO T RALISR i Y SRR O SRR, he
time period jpsspasitiehtete v retiemeat hephapaseddyustunteriie Hopesaiion nfremag/in a
several hours of the positioning signal receiver by requiring the positioning signal receiver to enter in a
utilization afeke'8NB8e wireless communication line only 5 once a month. This makes it possible to
improve th enience for the positioning signal receiver which has only communication means with
severely linited dtilization area, such as a wireless LAN. [0053] In the present invention, for the orbit
infornidtion of the asdistfitifierfezticss, disslasepassibtespeafeateomi{anohadiog effeativenipamyiogg period by

an accuratzclfr_edicti n model, vgjgile_for Sshe C ck@igforﬁm tion, it isgrmﬁossibés: &) set a Ion%; effective
period bec d3n é&r&%tgr}gr UGS Pt II)9 SEBReOrRBYB? G eolbr%@@ﬁ? miention is
Cha@Ct?”Z@fEQw&Pﬁ?&?dw RERVIHRE Pl shaskifMmakep av AbHRHIBHerRtiento|aatnput to the
positioning signal receiver.
some of such features and/or steps are mutually exclusive.
[0060]
20 Each feature disclosed in this specification (including any accompanying
claims, abstract and drawings) may be replaced by alternative features serving the same,
equivalent or similar purpose, unless expressly stated otherwise. Thus, unless
expressly stated otherwise, each feature disclosed is one example only of a generic
series of equivalent or similar features.
25 [0061]
The invention is not restricted to the details of the foregoing embodiment(s).
The invention extends to any novel one or any novel combination of the features
disclosed in this specification (including any accompanying claims, abstract and

drawings), or to any novel one or any novel combination of the steps of any method or

30  process so disclosed.
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15[0054] Thus, the present invention focuses attention on a factor that the clock drift parameter of
the positioning satellite is highly stable, with few changes, and capable of having a long effective
period, and is characterized by reducing an amount of clock information to be provided and allowing
assist information to be provided even in 20 significantly low-speed communication means as
compared to a high-speed wireless communication such as by mobile phones or over a wireless LAN
by using the clock information for which old information is used for the clock drift parameter and only a
clock offset (for bias) is frequently provided. [0055] 25FIG 6 illustrates an example system
configuratioBX® oA AE o dmMETDES satellite positioning system according to the present invention.
[0056] The satellite positioning system 600 comprises a global positioning system (UPS) 101, a
positioning EQBﬁ%] receiver 102, a low-frequent assist information 30providing system 103 for providing
satellite orbyianeENRK RHGEMALIR agerssist information which is offered low-frequently, a clock
information generator 104 for providing clock information generated according to the present invention,
and a terres@ikl G&io unit 605 for transmitting the clock information generated according to the present
invention. 5 %9_57&8.“()}]@ thjssI %%§? Ctgl“e/ etrerrestrial radio unit 605 for transmitting the clock information
can use a radfo umit emlﬂgngga radio’wave such as a television radio wave or an FM radio wave. [0058]
10While all megensvalinetidestasisttinvonichtiarepitadddipsystdiing this specification and which are
publicly and freely available would be identified in connection with the present invention, the contents
of such papjé?é:&%&'ﬂ&fmtgrh%r]ﬁ@&borated herein by reference. [0059] 15All of the features
disclosed irhg@_s‘éggcification (including any accompanying claims, abstract and drawings), and/or all
of the steps of any method or process so disclosed may be combined in any combination, except
combilatiof®vitesrestiabsastisamié of such features and/or steps are mutually exclusive. [0060]
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20Each feature disclosed in this specification (including any accompanying claims, abstract and
drawings) may be replaced by alternative features serving the same, equivalent or similar purpose,
unless expressly stated otherwise. Thus, unless expressly stated otherwise, each feature disclosed is
one example only of a generic series of equivalent or similar features. 25[0061] The invention is
not restricted to the details of the foregoing embodiment(s). The invention extends to any novel one or
any novel c inagion of the features disclosed in this specification (including any accompanying
claims, abstract and drawings), or to any novel one or any novel combination of the steps of any
method or 30heoieskiscedigelosed. EXPLANATION OF CODES [0062] 100: satellite positioning
system 5101: UPS  102: positioning signal receiver 103: low-frequent assist information providing
system 104: clock information generator  105: QZS 10605: terrestrial radio unit CLAIMS What is

claimed is: {1. A satgllIiQARRIIBBENGORYSIE Y SEMPESHIHGGCRALRIRINI IS E YR Byfem: a
5 positioning signal receiver; a low-frequent assist information providing system for
providing satellite orbit information as assist information which is offered
low-frequently; a clock information generator for generating clock information; and a
QZS for transmitting the clock information to the positioning signal receiver,
wherein the clock information generator is operable to superimpose the clock
10  information onto a L1-SAIF signal of the QZS and transmit it to the positioning signal
receiver via the QZS , and
the positioning signal receiver is operable to determine a position of the
positioning signal receiver by using a measured distance value between the GPS and the
positioning signal receiver, the satellite orbit information, and the clock information.
15
2. The system as defined in claim 1, wherein the clock information is transmitted

to the positioning signal receiver over a satellite radio.

3. The system as defined in claim 1, wherein the QZS is a terrestrial radio unit,
20 and the clock information is transmitted to the positioning signal receiver over a

terrestrial radio of the terrestrial radio unit.

4. The system as defined in any one of claims 1 to 3, wherein the clock
information comprises clock information for a plurality of satellites in a bit assignment

25  format treated as one message.

5. The system as defined in claim 4, wherein the bit assignment format treated as
one message is 250 bits, in which the clock information comprises clock information for
eight to ten satellites.

30
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5 positioning signal receiver; a low-frequent assist information providing system for providing satellite
orbit information as assist information which is offered low-frequently; a clock information generator for
generating clock information; and a QZS for transmitting the clock information to the positioning signal
receiver, wherein the clock information generator is operable to superimpose the clock 10information
onto a L1-SAIF signal of the QZS and transmit it to the positioning signal receiver via the QZS and
the positioning S'Qrgi @8&?‘8& ﬁs?@?%%lceef?e ?@g'ﬁ% %?H N Etl}\eaﬁg%ﬂ%‘f‘&iﬁ%@ {809"’” by
using a measured distance va etween th e positioning signal receiver, the satellite
orbit information, and the clock information. 15 2. The system as defined in claim 1, wherein the clock
information is transmitted to the positioning signal receiver over a satellite radio. 3. The system as
defined in claim 1, wherein the QZS is a terrestrial radio unit, 20and the clock information is
transmitted to the positioning signal receiver over a terrestrial radio of the terrestrial radio unit. 4. The
system as defined in any one of claims 1 to 3, wherein the clock information comprises clock
information for a plurality of satellites in a bit assignment 25format treated as one message. 5. The
system as defined in claim 4, wherein the bit assignment format treated as one message is 250 bits, in
which the clock information comprises clock information for eight to ten satellites. 30
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