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1. [FLHIS X
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2. BEABLEIX
2.1 EMBRLEREE S X T L(GNSS .4
2 IRAER 2 X T L (GNSS: Global Navigation Satellite System) =D +@ (1> 73)
DFHFEEYT A26:GPS, QZSS, Galileo, GLONASS, BeiDou, NavIC%
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2.2 GNSSOE= e
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B YRI5, ¥ 7E B YRR (PPP) RTKAIGL. DGPSIAIGL 7
SPAC
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- ZRERPPP
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*‘Jl‘lj OE;RTK/ IH_L
(A—HYAETT—RRR)

SBAS: Satellite Based Augmentation System

PPP : Precise Point Positioning
DGPS : Differential GPS

RTK:Real-Time Kinematic
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3.5 BEEMEBAMICEITET 2D

SPAC

EREEGEAMICBITAELRT —2DRNETRIZELEDT=, PPPIERR1—F L5,

, . : toh— - 1—
Al A= HEER H:) . H:) [iRES LJ\
' H—i\ Y kB #inm
I . 9 IGS/
PPP e’" l"—:} 5 /‘-‘/ Wity Nes/
o LNAV:L1C/A
° J%P:;;TPKP - o 2 ER CNAV2:L1C
—Bi%PPP - A T CNAV:L2C L5
(SSR) > RTCM3.3 SSR Compact SSR -
Qf’ SP3
(Final/Rapid/
%‘,?%ﬁfﬁ—)ﬁﬁ % Ultra rapid)
b =R
*9R7—5%8 W7 I—W ) JL
RTKGAIL BINEX - H#h I BT E e R E S
FKP/VRS/MAC HIRIEER haaiE g UZZEN)
(OSR) RTCM2.3 RTCM2.3/3.3SSR @
I3 NEHIR I B
£ BRI ’ﬁ\ h e h @
RTK T L @
(OSR) FEREES s
T Rrem2a @% ﬁﬁ_a%
RTCM2.3/3.3 ' NMEA GGA NMEA GGA

SP3: Standard Product #3 Format, NGS : National Geodetic Survey(kE Ittt /F). IGS: International GNSS Service.
CODE : Center for Orbit Determination in Europe:
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SSR | 3cm G| 2&'”5 60sE | &Y AT @F# LA + RSB (AR A 11_7
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i D4 ERA (State Space Representation )
RTK-GPS 77 - i 2V =REBEMERRAX
() L e WER | DY T MHE— DfE 1!
Compact SSR Avt— DR
EIEER ) FEBE ELHEH ()
EBRMEE  |[GE&E HOYoE 5
2 kT HEmE 30
. 3R 1 2 AR T AT 30
BERER s St BT 30
BIRE- BEIKRE T FILINAT RE 30
12T T4 (SE) 30
ZOM(FYFUT L. GPSE-BE) 30
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HE FERRM, “TAHLUVEIERALIt FA—SRANIHRS X T LDRRE", H54EFRE, 20105117
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3.7 EATEReFH -4

BIGIRE QR R

4 K FEcm (drms) FEBEcmlrms)
dbiEE v 1.25 3.00
=] 1.10 2.80
ESIES 1.30 2.75
S lric] 1.20 2.95
= 1.35 2.80
] ES 1.35 2.95
L e 1.20 3.15
i L 2.80 KT, BEAE LI
BAFE B % 3 6 FAFEEFD BRIt pEZ AL !

GE) 28 M. 1B OB AEIEEML . RN EE S

AL B 5 H e 0 Bl G R

10

— SN
9 TTFF (Time To First Fix)
=9 e =1 ) BAFi x5 R B RS
o AR L =1-7 (N SSRAve~Y I +2.8
9 ' i =32.8%)
9
® 05 1 15 2 25 3 35 4 45 5

Fix tim

]
HFT ﬁﬁfﬂlﬂ “F?%'BU%JE'%UFE LI FA—SRBIGIHES X T LD, 554EFEHE, 20105118

15

3.8 EFEMREICHBESNTI=t T A—FHREL =4

@ BEEEHITZE B£ Radio Technical Commission for Maritime Service
RTCM Standard 10403.3

“SERSES B EHRDOER/ER

;@; Az 772 g | ooy | 3-8 | mE | ERE | sRE
' mz | mE | A7R | NMTR | BE | EBE
- amandment 2
E—— 2 &K PPP A | R | EH | MER | FMEA | FMEA
= 1 /&R PPP R | A | FE | #8 | #8 | =8
S PPP-RTK | | mm | w8 | =8 | #8 | #8

o ERIZ# L4 International Standardization Organization
ISO 18197 : 2015

ISO Space systems — Space based
services requirements for centimetre
18197 class positioning

16

8 / 45




4. ERBHEL AT LOFIER o
4.1 HRSHAIZE B RETMEH (1/2)

(1) B8 : 2014118278 (K) 14:00-16:00JST
(2)#hm : X Z AR 10A58
()T . REABTFHRERIESAIRE R
(4)F A% -
CMASEIGI THRIFAL=BIGI 21548 (LEXR) (X, S5 EAREIE
NEONDDT, MR EBHIEF T o CuHEEICE
L. BXZARDORERMEELEELT-,

CMASHIfE (EH# :SPAC)

B 4 EEE | Rk R SEil
(RAEEEE) ~Z ik (€3 7))

[}

ERIT AR
CE) #HEB BV THSRAET LRETALSE BT 3. fﬁ%ﬁtl:?jﬁy)

#1E % # 5 [10A58] FER{E

VRS (EWE:- 7Y 75/00—)

FEER >

&3 =R R S¥ih
~T (SoHD)

17

41 HRZARICLLMED MEFTIHESF (2/2)

FRIBL = BRI

#R £ M 10A58 KE

IR

#BE | 35° 40° 35.43790” N

BEE  |139° 44’ 57.18035” E

HBAGE| 54.450 m (BLEHEDD )

REmE ") == PDOP=1.92

FEEH| 1.15cm |EE| 0.64cm i

RMSERz (RMSE)

JKFE| 1.01 cm(drms)

FHE| 1.32 cm(rms)

FIXE | 995 %

#71 B B§(JST)

20144E11 B 27 H14:22:49~14:29:59 50

RREEREE TR L
20144830 ~8H9H 20cm

ﬁgﬁﬂﬁ B pRERE

W GPS

mQzs i

REREZSRIELLI-KFEFEDRMSIRE

(X 1.01 cm &, BFGHEENELONT=,

ER k)

0 60 120 180 240 300 360 20 5 18
X QZSIFMHEfEEERIEL TLY




4.2 F%.1E = [ R E SRR

rn ~— bl SRT
e HAMDZFILIHmEFESLTLiE &R . i ]
R maEEDlf :’f‘%J . BRI RE ol RUALTE [ e
OBEXRBEISEIVOKREEBELT = i i ~—
MHEBE IS SUTER R JDathiE(2F RS e
WT, B F A2 RBIGI RS X f;iﬁgf;g;ﬂ’l —— G
7 Ls (CMAS) D& 00 & B 5 % eisn | | RN wa |-
To-#E. EREEILOKREL il
PEEICHEWNTE, BB E OKFE3em(rms), EE6cm(rms)) ZF+ 2 S E L=,
EERE &Y RMSEE o
Hhisg KF EE KFE ESE KFE ESE (%)
(cm) (cm) (cm) (cm) (cm) (cm)
tiEER 0.7 0.9 0.3 0.9 0.8 1.3 99
4k pE 1.1 1.6 0.7 1.6 1.3 2.3 98
EELS 1.3 2.0 0.9 0.8 1.6 2.3 95
SR 1.1 1.8 0.8 1.7 1.4 2.6 96
i 1.0 1.6 0.7 1.2 1.3 2.1 97

oLt BHENBREERMCHNCRA-EEEET A% . AEEHEEL
T-#2 CMASIZBREZE S xLTEN — L GEEEHIT A EEHELT-,

BERE &Y RMS:8% .
e K% | BB | KE | BE| KE| BE| o0
(cm) (cm) (cm) (cm) (cm) (cm)
09:00:00~14:59:59 | 1.7 29 15 1.4 24 33 | 82
15:00:00~20:59:59 | 0.8 15 1.7 1.9 1.9 25 | 99
21:00:00~02:59:59 | 0.7 1.1 1.6 0.9 1.8 15 | 99
03:00:00~08:59:59 | 1.0 15 1.8 1.8 2.0 24 | 99
E3T] 1.0 1.8 1.6 15 2.0 24 95 19

_ 4.3 PFIE—BERBERBG -t TH/E e

@ 5% 1E — RS SRR
OCMASIIRENMKRGIIZEE 5K, MEAMER HFME (TTFF) & #EL1S 4 ZBK
Wk BRI E BEAREL TLDDY, HIEERIE— B R GE R AALIZHERA R EETH 5.
OTRDELY ., TTFFIZRGHMEED & 8B (F = B RiX KRN EFFETHS.
GE : Z RIS AL I HB 1T ATTFFIE32.8%) (AR BZ:60M LI TF) TH 5. )

Hh it/ — & RMSzizZE ZFK; RMSirzE —E% TTFF
EFHER KT (cm) EHE (cm) KT (cm) HE (cm) ")
timE T/ AL IR 1.1 3.1 1.2 2.9 148
JeBEIINK 1.9 3.0 2.1 2.8 193
HR/FHE 1.7 3.4 2.1 35 191
Pk TSt 1.0 27 1.1 25 68
Ty 14 3.1 1.6 2.9 150

O E B FHIE
O H KRB R20MDTHIHITIEFEEREFESRIELLMMED MEFHZE
ELI-#HER. BEZSRELLGEELRFETHLI_LEHEEL=.

el v RUSIRE (o) 8Y (om) AR (om)
e K HFHE K FHE K FH
SHBIE F3{E 1.4 2.2 0.6 11 1.2 1.8
t%’%f}%ngﬂz 15 2.2 0.8 1.2 1.2 1.8
t%% 15 20 0.8 0.9 1.2 1.8 20
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44 BDIZHTEIEREE 2O’y

20144E3 888 ZERE "y RMSi&= A=
waAg | i (FIX%)
EHAIBFRAST) 7KF[cm] FEH[cm] 7KF[em] FH[cm] JKF[em] FEH[cm] [%]
GPS+QZS 2.5 2.1 1.2 3.4 2.8 4.0 100.0
07:30:00~07:59:59
GPS 2.5 29 0.9 1.9 2.7 3.5 90.7
GPS+QzS 2.3 3.1 22 5.6 3.2 6.4 100.0
08:00:00~08:29:59
GPS 2.1 3.9 20 3.7 29 5.4 66.9
GPS+QZS 7.2 8.2 2.6 1.6 1.7 8.4 79.4
08:30:00~08:59:59
GPS 6.3 8.0 1.8 0.3 6.6 8.0 79.4
09.00:00~09.29:50 GPS+QZS 3.0 3.6 1.9 1.8 3.5 4.1 0.5
RiBEAY- - - GPS - - - - - - 0.0
s GPS+QZS . : : ! : : i
FA=TLR | 09:30.00~09:59:59 - 29 10 22 > 3.7 09 o7
GPS 53 11.3 2.8 7.3 6.0 13.5 45
GPS+QZS 2.8 4.2 1.6 5.7 3.2 7.1 80.9
10:00:00~10:29:59
GPS 3.2 53 1.0 24 33 58 79.7
GPS+QZS 2.3 4.0 1.8 53 2.9 6.6 100.0
10:30:00~10:59:59
GPS 3.0 4.7 1.2 45 3.2 6.5 100.0
GPS+QZS 3.3 4.3 1.9 4.1 3.9 6.2 741
ZEFRETH DT
e GPS 3.7 6.0 1.6 3.4 4.1 7.1 60.2

GE) QzS : #XIEREE ( Quasi-Zenith Satellite )

OIRERE | KERIVEEARELNMYRELTEY., TILF
NABREDZEENGVIERTE L DEZZOND,
olmY : HHICRHIEEL,
OFIAE | MEXKBMDVLBVKHFERSE ., EXTERBEDMTH
BENTDOMRER(EELTLD, 21

45 BRGCEESEREE 0P

O —MRHIGIREENKAIGLICH 1T B E
DRE IS HEEGPSHEEETAEE
MMS (Mobile Mapping System) %
AW -Bxtpa sl Z 4T > TE 1=,

oS Hk. HEERM AIRT—L3Y
AW =RREMRGE DL —FEHENE
=SHRELLI-MExEMmEERL,

O RIITRDESY . BEEE
(UK F3cm(rms), FEE6cm(rms)) Z+
PITHEL TS, (BELZLEE)

| [5S

HEEBERT (JARRAOBEEEH )

EE e BERE Y RMSiizE
(km/h) o KFECm) | ZTE(cm) | KFE(Cm) | FE(em) | KFE(em) | ZE(cm)
1 1.4 1.1 2.2 0.9 2.6 1.4
2 0.9 1.6 1.1 1.5 1.4 2.2
40 3 1.0 1.6 1.4 2.2 1.7 2.7
4 0.9 1.6 1.3 1.8 1.6 2.4
5 0.8 1.4 1.1 21 1.4 2.5
Do) 1.0 1.5 1.5 1.8 1.8 2.3
1 0.9 2.4 1.1 3.8 1.4 4.5
2 0.8 1.4 1.0 1.4 1.3 2.0
4 3 0.7 0.8 1.2 2.5 1.4 2.6
4 0.7 1.6 1.0 0.6 1.2 1.7
5 0.6 1.6 0.8 1.7 1.0 2.3
£33 0.8 16 K 20 13 27 22
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4.6 LIREERICE 1 DB RBIHGIEER (1/3)

HIZEXTEHZEDLESEZIETETHEEBRHAKRIHR(LEXR)ZHBEL.
MREICEWTHR ARG EEREER

o FIXE : 76%

o FIXLTWARMIZHITHBIGIFERE :2.4cm(drms)
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f -\a% &
. / 2.q km
] £l
S pann =y r LA 2
Wxtm/ = . '-_-.'.','fs

2.0 km

2011 Google - H1ET —2 ©2011 ZENRIN

Wi E+EGEASIBERIERTF—S 4, THLUE & EAL:REFIAEL, 2012458 23
Xni— -~ s L =iy SPAC
4.6 UREIERIZE I+ 5B ENARIGIZEER (2/3) o~
BIEMIZE UV TGPSHEMEME(IMU)IZLDE S NIE GBI EA100%IZH L
ANBIGIERE
ek 23 SR
- & IKE =
wir—45% | @ 3cm 6em 76% g
7 VI-5R @ | so0em | eoem | 12% Floatfze I-!
F=454R @) 75¢m | 350cm 12% IMU .-"'f
I
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i
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{
1 2.0 km
e
!n.\fh'__'
2.0km —
W E+EGEASBERERTF—S 4, THLUE I EAL-REFAEL,. 2012458 24

12 / 45




4.6 LIREERICE 1T DB B RBI I RER (3/3)

AR RICTABUE 1M MNT HILICEDRMBEEDELGH A LZHER

R SRIFE(C
3 — | =gwmem ey [HEUEIZIENN
54 &7 | BAUMBRE | AkE = g
KE | &S %
woFA—44% | @ | 3m | eom | 95.0% 1 ) =4
FVI-5HRk @ | 30om | 60cm | 4.3% Roatige | J |we (L0770 \ N
A—54% © | 7sem | 3500m | 0.7% IMU s // \:
T i
O F A—SERAIL H AT HEZR ] ;
X DEIEH95%IZ[ L A —
(L32L—S 3L BHeR) I it
.,.-.5
..\._ 2.0km
=.a-'.
._' "n.;:
________________ J
2.0km
ot BHERERGEEEMMER T+ —5 L, T A5 U 5 EAL: RMFIBEI, 2012455 25

4.7 AY—bFEZEIZRIT=E5EH] (1/2) =

BEXNBEEL-ORyMEDEERH

o FE1HK(2000FER) : HAF VAV RT L

o E2MH{X(2010F ) : A—FHAF R
AT L, EEBAATURE

o FE3tH(2010F % F~)
|ANEEDRT L, FBEORYES R T L

o A (2020FR) : MFOAR VK

Lex T omE
=T B

<=

LEXZ{EH \ = ’
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DoD
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ESA
FDMA
GIS
GLONASS
GNSS
GPS
GPST
GRS
GTRF
IERS
IGS
IGSO
INS
IRNSS
IS

Ambiguity Resolution

BeiDou satellite navigation System
Code Division Multiple Access
Centimeter Level Augmentation System
CentiMeter-class Augmentation System
Civil Navigation

Center for Orbit Determination in Europe
Carrier Phase

Carrier Phase Correction

United States Department of Defense
Dilution Of Precision
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European Space Agency

Frequency Division Multiple Access
Geographic Information System
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Global Navigation Satellite System
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GPS Time
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RINEX
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RMSE
RTCM
RTK
SPS
SSR
TS
URA
UTC
VLBI

International Organization for Standardization
Indian Space Research Organization
International Terrestrial Reference Frame
Japanese Industrial Standards

Japan Standard Time

NAVigation with Indian Constellation
National Marine Electronics Association
Machine Control

Mobile Mapping System

Observation State Representation
Precise Point Positioning

Precise Positioning Service
Pseudo-Range

Pseudo-Range Correction

Quasi-Zenith Satellite

Quasi-Zenith Satellite System

Receiver Independent Exchange Format
Root Mean Square

RMS Error

Radio Technical Commission for Maritime Service
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