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Abstract

The Global Navigation Satellite Systems (GNSS) comprise the satellite
positioning systems developed by several countries and regions to provide
positioning and timing services, and therefore have become an important
means for national infrastructure. One of the recent progresses of GNSS
positioning techniques is Precise Point Positioning (PPP), which is able to
provide centimeter-level positioning results in the International Terrestrial
Reference Frame (ITRF). However, PPP generally requires a long
observation time, the so-called convergence time, to produce centimeter-
level positioning results. As a result, in recent years multiple international
governments and private companies have proposed a new GNSS technique
called PPP real-time kinematic (PPP-RTK) that can effectively shorten the
convergence time. In order to implement the new GNSS technique in
Taiwan, this research analyzes and investigates key issues related to
potential PPP-RTK’s development in Taiwan. The content of this research
report includes introduction of PPP and PPP-RTK techniques, information
collection regarding international PPP-RTK services, and feasibility

assessment of PPP-RTK’s development and application in Taiwan.

Keywords: global navigation satellite systems, precise point positioning,

real-time kinematic, feasibility assessment
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TRMHROT S S L - BRI R L0 R EFHR TR
F1E_»Z K> TpEH fi (Real-Time Kinematic, RTK) Z_i+ ~ 4 i I pF #°
i (Network RTK) _i* ~ 12 2 T pés fi 4 % & gk %_~ (PPP-RTK)$ f4p
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Lo o§ S EEHEARE 0 H w2 R R € 52 T % (NovAtel Inc., 2015)

A WX P8 ASGER G M OREE TR Gl iR A - T ALK
4R BEE SV - 2 5 o RTK &% 1 BBl 5 & 4 7 (Observation
Space Representation, OSR) = /% » ¢+ * 2 7 & 5 W B # F i £
(Geot+,2015)» FIpt 37 5 % = i@ * fpfe ¥ HhpF 0 K6 B
&3 RTK it (NovAtel Inc., 2015) » 5 7 PR RTK H et podg +
'] » Network RTK Fjisg LA o A B RTK R i@ % B - &
% k> Network RTK Hjtsge * 7 5 B 44 =k = = e 3] (BEuler, 2008) »
b 4o § LR %3 =k (Continuous Operating Reference Station, CORS)
BB e o F ¥ —‘F"f = = CORS ELip| ¢ > Network RTK kv ¢ 1335 2

LR LS T

\\\?{r

T RPN FE B RRRAp A kSR L (2 2
TRGE A R R IR R ot - R T LR IR B S
RTK e dt*T4] o Network RTK #H i p = ¢ 7 7 FKP (Fliachen
Korrektur Parameter) 3 jt#(Wiibbena et al., 2001) ~ MAC (Master Auxiliary
Concept)#jtr%2 VRS (Virtual Reference Station)$: ##7(Chen et al., 2011)e
#Xm d > Network RTK # sk # 2 RTK 4p Fr gL 7 ¥ & 57 OSR =

i 0 Tl e lidy E‘?ﬁ%lﬁﬁfﬁ RE R RE UL F £ (Geott, 2015) o

2.3 PPP % B Kk
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PPP & - f67 11 3% B % M B = F en @ iie A7 R & iF

Yo PR RE SRk (T ERFROTIES % o PPP e

o

A R P REE R AL A e GNSS f#Fh P 12 A PRABIE L el
WA oA AT L Ed 23k e # a9 CORS # (04 22k 1GS
) A E B EELE > L Ry Hk B T P 4 7 (State Space
Representation, SSR) = i G- %% 2.5 &)@ % * —‘ﬁ , @ﬁ%ﬁ?{tﬁ—ﬁ R
¥ AR R /N A A (NovAtel Inc., 2015) - PPP 1}%&&»‘ % H

4oB] 2.1 #1o7 o

GLONASS Satellite GPS Satellite

Constellation Constellation Geostationary = )
Satelite (GEO) 2RI

HERIERR
Eﬁﬂa ) )
YT /
/,1/ Reference cee Reference L/ﬁ
(_ Intranet Station Station mII]]]]]]l'LtU
I CORSIA CORSI& Ground Uplink
Pl > Subsystem

Bl= .1 PPP 4 % 4 -

(https://www.igscb.org/we/precise-point-positioning-ppp/)
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PPP &% B 4= Hp H_12 {4 A2 (post-processing)fi-zt 5 4 o P o W%
+ 7 # B & (online)is T PPP 3+ & JR4% > ¢ 3 % B JPL 9 APPS-
4v £ * CSRS 71 CSRS-PPP ~ University of New Brunswick 7 GAPS ~
¥+ GMV 9 magicGNSS 12 2 A B[54 £ v TOPS (Taiwan Online
PPP Service) & » iz i FR:TZ»?;K;& # GNSS FHE# < 3 5;¢ RINEX

(Receiver Independent Exchange Format) -

P R Pt A AT pF(real-time) PPPo T P 2 5 4p§ #cE
RS TR ER LRI 0 514c John Deere (NavCom) £ StarFire
711 ~ OmniSTAR 7 OmniSTAR % 7] ~ VERIPOS 1 Apex % Ultra %
71| ~ Hemisphere 7 Atlas ,% 71| ~ Trimble =7 RTX ,% 7| ~ Fugro = Starfix
% 7] ~ NovAtel #0 TerraStar ,% 7| ~ Oceaneering 7 C-Nav i 7] ~ GMV

11 magicGNSS PPP % 7] ~ BDS PPP % -

2 John Deere ¢ StarFire 4 7] 5 & » v .2 & 71 >R E ks 4
,L,(GNSS)P}’E i HppFe—- & E’lﬁé%;%l,fi U o %@Té“’&ﬁ#q’f

PR RN S F MR BN E W R JohnDeere ihf ¥ p 2 A

Y]
-

5 ¢ % 7 StarFire™ 6000 SF1 ~ SF3 ~ RTK #4c k(4B 2.2) H ¢
StarFire™ 6000 SF1 ¢ SF3 % 3% 9rpF PPP %_{*JRj% » @ StarFire™

6000 RTK R & 3 & 5L RTK %_ifR3% o John Deere PPP %_i* PRF% %7 i&
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* ¢f12 3k CORS =4 # 4e@) 2.3 #7771 o

- L

B = .2 John Deere StarFire™ SF1 ~ SF3 pRix#11# * 2 &4z k(= B)

% StarFire™ RTK PR7% %77 * 2.3k & (% B])

(https://www.deere.com/en/technology-products/precision-ag-
technology/guidance/starfire-6000-receiver-with-sf3/)

B = .3 John Deere StarFire™ SF1 ¥ SF3 # * 2> %k CORS -
(John Deere, 2016)

StarFire™ SF1 #2 SF3 pRi+ 4 32 GPS - GLONASS #% % >

R

T 5 LA R & R e B 6 5 2 30 L - 13495 John Deere F
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GHAEREES R LY P SFL PRAET & 10 A 4P E D] 15 oA e
AR 2 FEE TR h SF3 JRAM(F R W A 95 S 2143 &/

D) RIEF B304 ap ET 3 AR R 0 4o W] 24 4T

0 1 2 3 4 5 §) 7 8 9 10 1 12 13 14 15 cm
StarFire 6000 - SF3
Less than 30 minutes
StarFire 6000 - SF1
About 10 minutes

Bl= .4 StarFire™ SF1 -~ SF3 z_ Z_i=3%at * &

(https://www.deere.com/en/technology-products/precision-ag-
technology/guidance/starfire-6000-receiver-with-sf3/)

B 24 ¥ 0> PPP b < 4L ELE 2 B WK it acpE R
(convergence time) 4 at E & & A & F i & o — k@ 3 5 PPP avTag
FREEFFLSPArG U2 RRESTA R RIFIPFRIS
bds(5R] 2 E > 2017) 5 2 % 45(2020)% 12 u-blox FOP e firie 4

BT B EREPPP G AP B I T 15 A4 A 2 2 Jrace

RO EIEZTRIEF CFHACETNAOR* A5 0 AFLER
ok (7 ARG RGE B A AFEF)MsFREE 15 A4
Neae PP B 2% K H 2 e F)pt p PPP z J&* pR3%2 & § 7


https://www.deere.com/en/technology-products/precision-ag-technology/guidance/starfire-6000-receiver-with-sf3/
https://www.deere.com/en/technology-products/precision-ag-technology/guidance/starfire-6000-receiver-with-sf3/

R F A A Eh g4 4 (loss of lock)ﬁﬂét«’rgr& %

ALY 1 RJE PPP 55V A 45 R 2RI ¢ i sk CKSV -
2T AR IT S AT R T ehde b o B4R R * S iJZ PPP fHE G
TOPS » E_A Bfj3 B g BR o 3 8 B2 - PRIF2 f FEGF L
2021) « TOPS ¥ % # GPS £ GLONASS % 2 iz ? 7 &

# ITRF &2 TWD97[2010]2 fF ep s ARk > AT 3 Hde B 2.5 97

>y
o

Taiwan Online PPP Service
(TOPS) r
1
BADKENEARIERE |
s # 3 F R A peport |
i
1
H

erroron

L Matlab 2 & & & )9; ES E}ﬁ » web page |
-GPS l Success: Execute PPP proggam
-GLONASS PPP Program

-Galileo (] F)
-BDS (@] +)
-QZSS (B F)

'

Output in TWD97(2010]?

l Yes: Transform reference frame

No:
¥ 45 45 MR R B AR A AL BE S ie,:;e/;ff; Transformation Program

l Generate analysis report

W%TWD97%{XL£§;‘ ) i% report
ITRF¥ETWDY97[2010]x B %

i

}@ Send analysis report to client via email

=5 4 AR o B 2L 3 PRIF(TOPS) (GFifdk » 2021)

hFTF #-CKSV — % chFfd A 4 24 B PFEL(F — 1B F% £ 3600 )
TR kLN )RR 68% KT AL (F 0 KB 2.6 0
PEEER 8 O A (T KT A 2 oM (Y 2 A A T R

GPS 2 GLONASS #F % & Tl aearPFF N5 154480 §5 K %A
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FER LA PR R (R4S SN FER T BT L R

AR (B 4e 95%) > JracPE e § HE R o

1 , ; ; ; .
I (A BB AEPPP —
0.9+ B TOPS HG.68/o
0.8 BEfir: CKSV SR.O6%.
o 0.7 | R 20EIE B ISR R
a 0.
% o6
S 051 GPS/GLONASSEE & GPSHi S %
IR Vi i @ B RT96053 8|
5o
0.3}
0.2}
WP 0.1 | A e
= E8cm ' ity Pty s
0 . . N A A dat
0 10 20 30 40 50 60

[RF ] (min)

Bl= .6 PPP Z_i»:8 4 ~ | acP® H-u T acps Y 2 B 73

2.4 Network RTK % £ PPP 23 E )=

p o B% e 5 Network RTK % & PPP JRi*h3 5> P & & 2

/A # Network RTK i€ 31 # %7pF(4r+ $#87% Il SE) » 4oip

F s i LM R R o T A W A5 NovAtel RTK Assist 1
% Trimble xFill = & R7% o

1395 NovAtel F % F 3t » RTK Assist #/R 754 ] © #3730% F 2
3k do®] 2.7 #rF
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Bl = .7 NovAtel RTK Assist % %2 PR+ % 3 (& ¢ # )

(NovAtel Inc., 2019)

RTK Assist =g #* 'ﬁ v L AR #FE E T NovAtel
TerraStar PR7% A @2 SSR et 3 4 » Flpt g i # -*Ff 1 Network RTK
WY %7 Wik E 3T F] Network RTK @ PR #1 i@ % ¢ OSR #z it
A PF > RTK Assist 7 12 4] % j83E 3 % #2340 SSR e it 3 4 %%
FHRETPIRI c RTKAsSit P £ 5 22 ha =R > m ? &V

F A T:E 5] 20 4 4 (NovAtel Inc., 2019) »

1395 Trimble ¥ % F 3% » Trimble xFill PR 7% 4% Flid F 23f 3+ £
# GPS ~ GLONASS - Galileo ~ BDS = QZSS I % ,% o Trimble xFill 1
1 ¥ /R 7252 RTK Assist 48 17 » 7 Network RTK i€ 3 ¥ %rpF > Trimble
xFill i * -?5 w4 RS M E & P 0 Trimble RTX SSR &z & 2t
LBERFIA BT D B EFFER T 2 5] 20 4 45 (Trimble,

2019) -
17



2.5 PPP-RTK % B %

PPP-RTK # eI 5 7 5 *z‘{ﬁfi PPP T ac P I 1L & &
I pF F_=enF R o PPP-RTK %/ IZ g2 PPP 4p 00 » fe £ 3F b3 i %
d %3 CORS A 4 e i »¢ 77 Fh ML :al ~ Fh &R
A AP TA(RBIERERE TR IR L ~ THE LD
% 4k ut 22 ¢ (Teunissen and Khodabandeh, 2014) » iz (¥ PPP-
RTK # 115 *Tf{ﬁfi’]{ RTPF Y o 827X PPP-RTK H_7 PPP egh & F 4o -
< aci# & » e £ PPP-RTK % fF3f ¢h & * | T % CORS 3 FHL » F)p

i % §2 PPP - ﬁﬁﬁ%’“ DIRMPRGE > @ {ETFE—,’“ B PR IR o

£2 Network RTK #74& * 49 OSR = ;% 4p+* » PPP-RTK # * 7 % iy
Z R %57 SSR = 2 o 4pfi*t OSR # ;% » SSR = /& f il 2 @%l FE 5
T k% I (1)SSR 5 H » @@?] »OSR B & e f-fi’%“] ; (2)SSR ¥ Z #i&
JHEF  OSR#*T R4 d~ ; (3) SSR #-F - MM F AL = 457 >
m OSR P E #73 A 38 Bfr — 5 o d 3t SSR A %5 - sF 34 Jh>
MRS TREFEREET AR T LR AR R Pl
B AT T R+ A ¥ 3 PPP-RTK (Wiibbena et al., 2005) » SSR & it 21
if ﬂuﬁ@%&@ﬁiﬂ,Aﬁéﬁﬁéﬂ%@ﬁ’w%QBS
e11 L6 355 ~ Galileo 77 E6 3 %5 (Hirokawa and Fernandez-Hernandez,

2020)~ 12 2 BDS 1 B2b 3E(¢ BGFL Hank s mpED § 5 2020)
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=S

FORRLL M Do bilde i iR EF e B T O E R SSR
Pt 34 o & 2.3 5 European GNSS Agency (2019)4* %+ RTK ~ Network
RTK ~ PPP 7 2 PPP-RTK #7fact #& o H ¢ Phase-based PPP i~ % ¥
Mk R Ak (AR T YA 2 Kkl ) s A Code-

based PPP i % F it # # 9 #cfaz w2 % (R * T4E 2 $itk

4

fEJ}_) o Phase-based PPP ¥ 2 (Code-based PPP + 1/ 9}% International
GNSS Service (2020) < % 2.3 i k5% PPP-RTK FRA%(i¢ * 1 T 4tk %

Witk ) 1 A4 P (<1 min)Te £ #EEF 10 2412 (< dm)

# = .3 RTK ~ Network RTK ~ PPP 12 2 PPP-RTK &t #i

(European GNSS Agency, 2019)'

Network RTK

PPP-RTK
MAC | VRS/PRS
Orbit error, Clock error, Bias, lonospheric delay, Orbit error, Clock error, Bias,
Errors corrected _ ’ ” . '
Tropospheric delay lono/Tropospheric delay (PPP-RTK)
Approach OSR (Observation State Representation) SSR (State Space Representation)
Accuracy cm <dm ~3dm <dm
Mean convergence
) <58 20 min <15 <55-1min
time
Largest service area Local Regional Global Global Global
Required
. Medium Medium High Medium Low Low Low -Medium
bandwidth
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PPP-RTK iT # & ¢ I AFH bz FRNFERY FEFF L
PPP-RTK fR#3fic;8 ¢ 7 7 # B Trimble © # ¢ RTX Fast~ P jx,}’;f,?]—
42 1} e Centimeter Level Augmentation Service (CLAS) ~ /274 Fx i H
Geoscience Australia (GA)Ir #% & ¢ 1 Positioning Australia ~ 33 &
Hexagon % # T NovAtel = # #& 1} 9 RTK From the Sky ~ #* *F & &R
DS 5 3 AR Geott+ 2 @ % B 59 GNSMART2- 2 + PPP-RTK R
B R D IR AT

RTX Fast

https://positioningservices.trimble.com/services/rtx/

CLAS

https://qzss.go.ip/en/overview/services/sv06 clas.html

Positioning Australia

https://www.ga.gov.au/scientific-topics/positioning-
navigation/positioning-australia/about-the-program

RTK From the Sky

https://hexagonpositioning.com/about-us/press-releases/hexagons-rtk-
from-the-sky-brings-instant-gnss-accuracy-worldwide

GNSMART?2

https://www.geopp.de/gnsmart/
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https://positioningservices.trimble.com/services/rtx/
https://qzss.go.jp/en/overview/services/sv06_clas.html
https://www.ga.gov.au/scientific-topics/positioning-navigation/positioning-australia/about-the-program
https://www.ga.gov.au/scientific-topics/positioning-navigation/positioning-australia/about-the-program
https://hexagonpositioning.com/about-us/press-releases/hexagons-rtk-from-the-sky-brings-instant-gnss-accuracy-worldwide
https://hexagonpositioning.com/about-us/press-releases/hexagons-rtk-from-the-sky-brings-instant-gnss-accuracy-worldwide
https://www.geopp.de/gnsmart/

¥z PPP RIS M

AFALEARLPPPIME PPP-RTK =32 o M3 & 3353 f
S R IZ LR 4R A o 54 OSR ~ SSR ~ RTK #Z_i %2 Network
RTK z_i= % o
3.1 GNSS &R £

AP F % GNSS ke 77 F e GPS ~ & R dren
GLONASS - #& § (7 Galileo ~ ¥ R~ 29 BDS~ p ~9QZSS 7 &t

&}&oﬁ&&}ﬁ%&@ﬁﬂ%i%%iﬁﬁ%’gﬁﬁ%ﬁﬂ%

Joe

B AL 8 3 MR A UL R T e R P B
FW2ZPFERFL > LR P RFIVEFFELEERITRTIESR - - LA T
P g i % BRIEHL(pseudorange)fr it i 4p = (carrier phase)® fAELR] £

A HlAeT kT o

A mREESERE
mBIERT L FEF MM Bt RE O BRITRT AR
B rh F 02 TH/ARE D A PR S A B g2 B
F 4% € (time shift) » £ ¥ imA & kb ki@ > {7 F mEEEESLELR
£ (Teunissen and Montenbruck, 2017) - # 7 % » 2 GPS #k k5L 5 #

Bl F BT R IR T ~ APERE T ~FA Y SRS 2
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S BIRFEALZ BLP D BN T LA AT

Pf:p tc (dt_de)-I_dlo11]°'|_dtfrop'|'bf‘|'b]§-|-€P]sr

dt,dT @ #24c Ricirs PRy o
M G IRk X RS m pEd -

dion S - TRt e B S = 27k wEE
dtrop DOEE D BRI A .

b BichTBAMEAEGHL

b°: fFh TR AR B -

B. titdp pipl £

et An iRl B ok SIESEBLRI R AR B o AGUSL W 4 i o o
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RIB R RIeFEL PFEF LR WA R F LR E A F A
ok o 3k gl St sk fri i R WA R R L
SR EsTE R s fed o e A PR Rk A TR o BT
T IR Tl AP EEREE A AR Y S BB D AP ML

L2 08 0 LA 2 BRI A2 BAeT

®F = p° +c- (dt—dT*) — dwnf+dfmp+Bf+B;"+Af-Nf+eq,;

H
R A S S -
B: HEAckip A W RS HEL
B : frhip e Mk thi o
A R

N Rk B HCY A LE o

320SR 1 %2 SSR BN 5

K2R B0)E (32)F r4riE GNSSUEL ¢ 4 7 3% 5 fhafen & ik

Lod 0k AL THABE B R B R A R

(3.2)



R e RAT R B Rt s h B imaEp Y 3l 0 R R TR
ehilek =8 {50 BJF RS B ARG L R R L o
FAE PR F ol p A T LET] DR BT EA R

% F1% - B CORS ) engfes kil e p - Bdosbz =8 pF
CORS shyfdl v w & 1% %4 =k h3- 5 N5 - 3k cnppdiscn £

(range correction) > H P4 + cnd & 5 Fh PéacE AL - R A BT W

Y

R WA AR s PLE A MR B TR A B e o ",‘f
P2 b FEREEE I B € F)A R L A BRI~ A RS D T T
PR S R e B 2 R AP RS R Y
Epopedpcr £ o 2 0 fT‘wfp'— £ OSR (Observation State
Representation) °

A VPR Ix & R T B L B (Radio Technical Commission for
Maritime Services, RTCM)+#] Z_7 #F % i 2+ el figin G fa38 > H ¢
£ 77 OSR eap % 11 2 2 4 # 3(RTCM Special Committee, 2016) °
Btk OSR ehjies Bicfd v A B 2 e it & 5 @gﬁli? i# —‘g ’
b4 B %4 =b% (Virtual Reference Station, VRS) ~ F & sc it 82
(Flachen Korrektur Parameter, FKP) % (Wiibbena et al., 2001) o I 4 &
RTK #_iz12 2 Network RTK T‘J:;T:‘z‘lg'i E 2 OSR = ;#9793 RTCM
ALT S RAT AR BIET R F o4 s BT 5e-GNSS T
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P B T PR )]}K-ﬁj PR T 2 3% RTCM 3 4 6@ F‘o
TRI30 RPN IR R Y iz 2 e-GNSSE T R B 0 B P

11* RTCM &5 VRS j SRR FALG @ * F o

B31 BS3
ﬁ Il,#:smemunz I §
- s
GPS B&mmm i —>
A
¥ 3
M #2155 & % VBS-RTK M3
| ) o
E :l-: T ---l-lllFII:Sl?--i E?Iﬁ;sm)llll X
50 vBS i g '
xS 181 ] GSM/GPRS & NTRIP i i 52
¥ :ﬂ':aner
" S *llllll.----IIIIlllllllllll...l [ |
BE#BAEH RTCM)
BS4 ey BsS BS6
=
¢ i i
» ® L
= £ £
ADSL GPS St gt —

Bl=.1p szt Rl e w e-GNSS A A T =R IZr & B

Wiibbena et al. (2005) # * — & 23k CORS 43|12 % ¥ 2% #i
7 FEECE R R B A B4 0 fE1F State Space
Modeling (SSM) = SSM £-44 % | ik BLipl & 1+ ABE £ @ % 1 7 i
#H1-7) (functional model) 12 % 5§ % -7 (stochastic model) » # ® ¥ g 1
B ends g5 (dynamic) (7 5 0 » ,Téz‘i"—\z;iﬁim;]% AL o % 3.1 4 %7 Geot+t
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e GNSMART % sv#7

A o

M
HWRBEE) wWhagL 13§

2 TIEA R EE S B TR E L BRI R R R

£

P SSM £ #* 7

:!'

TAK R HE R

it * cnSSM 12 2 H g Bf fFh

%" >SS

P
o

EARHERABET)

A e % fico B 3.2

SR AE e kR BRI E R

= .1 GNSMART . i3] fobg #8153 ek 2 2K
(Wiibbena et al., 2005)

Error Component

Functional and Stochastic Model

satellite clock

dynamic 2nd order polynomial as the difference to broadcast clock plus white noise process

signal delay (sv)

satellite orbit

1onosphere

constant plus integrated white noise with low variance

difference to broadcast orbit as 3D cartesian (along-track, cross-track and normal) errors with Gauss-Markov

process

3 step model:

- dynamic single or multi layer functional model with 2D polynomial (geomagnetic latitude, local time)

or spherical harmonics

- satellite dependent dynamic functional biases

- 3D Gauss-Markov process with | parameter per receiver-satellite combination
to describe the remaining ionospheric effect

troposphere

correction with Niell troposphere model

3 step model for residual troposphere:
- dynamic functional model with 3D polynomial (latitude, longitude, height)
or spherical harmonics with height gradients for dry and wet components
- dvnamic mapping function improvement for low elevations
- dynamic station dependent zenith delay parameters for dry and wet components

receiver clock offset

white noise process

signal delay (rcv)
satellite PCV

constant with mtegrated white noise process

correction

receiver PCV

correction

multipath (rev)

elevation and/or signal to noise dependent weighting

measurement noise

ambiguity

white noise

constant

receiver coordinates

static or kinematic for unknown stations
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> 4 s\ 2
e N NS

I

Rk AR~ T ALK R B R lk f S it
R f ok FEE w2 f 2 5 SSR (State Space
Representation) ¢ SSR F 3.1 sz =4 jiv5 PPP 2 2 PPP-RTK = 4 >
T H_SSR et L2 N F ARE L & A M- o bl4e P w9 IGSSSR
1 %2 RTCM SSR #.38# 12 % 3 PPP; m Compact SSR 2 2 SPARTN
2 ;v 12 % 3+ PPP-RTK (European GNSS Agency, 2019; International
GNSS Service, 2020; Sapcorda, 2020) - PPP 12 2 PPP-RTK #Z_iz k32

v B 3512 364 ; SSRARNFEHENET SR 47 & o

sat?}lte electronics model precise orbit model

3
%

atomic clock model

'\
ionosphere model

o

troposphere model

ocean loading model solid earth tides model

= 2SSM 24 7 & Bl(Geot+, 2015)

f OSR 11 % SSR et gt » ¥ fFfhdert T i@ -
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1.OSR % 5% 4k & B pFy] 2 JE4tscn £ a2 T »SSR 7

\

RTTS R R T ERE S Y XX SIS R L
BB R AR S HA BN B A% o 92 SSR 3§ &5
i E‘?’%'Jfa’ri @iﬁi%]?i.& ¥ 40T B 3.3 1o o im3 P 7 SSR é_@iﬁi%]%% s

FPRFZERC) AR TV R EE fo

SSR
Range Error [m]
A

HJM‘[ H SV HR Clock

\HI m Dmf IHI[ SV Clock
10s 10s 10s | 10s 10s 103
0s ! 20's Troposphere
30s 30s SV Orbit
1800 s

SV Code gias
t[s]

]

I

3 & SSR @ L Y o & B FEBHOFETFIET L F
(Schmitz, 2012)

Z(BRmﬁ‘@%{%uﬁﬁﬁﬂiﬁ%%éiﬂ®ﬁ’ﬂéﬁﬁ

T NA A N FArip S hrk T B o 4p2. T > SSR H_ 7 R
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3.OSR =

ﬂgg@ﬁéﬁﬂvi\‘%}k—x R‘—ﬁ," l@x y 1B
bR B E L o0 L-band
2

R ,%"J RERL I Y
MAHAR S BiFE 5 & rﬁg’ig%c

1 S EA S
33PPP z > h1®
PPP zE!—L‘fl * rﬂgfff)ifé?&__}g'ﬂfrfﬁ% P4hiE X Sl g
AL LR R T AR R 0 2R W R ks
PELA B A 1997 £d £ R4V L -
R SR &

B %o
1~ B &3 F % F Zumberg
HiEE SRR
> =% > B 3.4 5 PPP &7 & B

J,\Aa\/-l_

schd R

# 5t PPP o~ if4t

B m
R
VAP SV 3 S

VPRE R bR B T H ST E
Lo B ePBEALILA] 0 FI T B R ERE R IR AT
228 (ITRF) ™ eh # B & & PP
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BE* 7Y - £ (iFL B LA )e3 % (Khodabandeh and Teunissen,

2015) » B HA BFR Y - LA FLPIE 2 S 2 o
33127 - X LAHN

2V - A (FERAA)E M- Bkl - BFYEFS
R BRI R TR S E N Bt R dt BT R T
FERAEREE HBL b Bt RPCAHEEE HBL B BXK

AT BRI BT R R R 0 AT R T 2 G

5o ¥ -3k RS RIFEL 0 4o B 3.5 w

Satellite i

Satellite j

i . Pl
F P

% Receiver

B=57z7-=x%

TV - AT B PR €V A ud P =Pl Pz

‘D}j = o} — CD} BT o U R 2 2N T 4o 4 7 (Leick et al.,
2015):
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P/ =pY —c-dT +d), . +d.,, +b’ + £pl

o =p —c-dTV + AN —d +d],, + B +ey

ion,f trop

3.3.2 PPP # ¥ #-7)

AR S - A E e PPP E A vl 1 3¢ - KA ep

Fipe LT L ek M A AR

B R H B iR gk e B(3.3)14 % (3.4)3] 2 T & ATk B ehiES
ZadRE2 (5 Y 3 BamlicE R ¢ i3 g SR A TP 4250
R SR dy, E T o F]E 0 (3.3)10 & (3A)HKT ML 4o

ion

ij ij ij ij
=p’ +dg, —c-dTV +d]) .+ dm,p + b + £y

ion

o) =p +dl, —c-dTV + AN —d +d] + B +ey

B > (3.5)11 R (3.6) % AR Bk L B2 R Ap A At BB

B AR B A B AAES R RE > ] Rl R A R A a8

EH Ay Y

T LB - RV Vo AN EEEYY RIEE

7 #% i 1 TGD (Timing Group Delay) 7 3t iy ",f o ks » PPP e ¥

Al e
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P _ pl] + dorb c- dTl] + dlonf + d;{,op + Spjl;j (37)
cI)” = p” + dorb c-dTY + As 'N —dY Ft dtrop + gcb;j 3-8)

—_—~

49 NY=NJ +BY o g gird o NP7 £ & iy

F_&

— GG o FHGBT)E (B8)F fo kP RE - 24 TR

PR REFREAACEOP SR AV - S G0 FHAFLE

"ﬁ\

Y PR Y R SIS IERCE Ry Y o re g IR
PPP erfis* Ko o FIPiT# 5 T3 PPPeng* B R 37 5 H B 4>

#R s PPP 12 2 PPP-RTK %t o ¥ 7 fe & F TRkl » | pr b if

\\\ﬁr

#7 PPP cnftpgid o ipd AT 7 2 B358 1% 364 o

3.4 RTK ~ Network-RTK %2 PPP-RTK =Z_i+2 /7

'

RTK % ixd = B30A e AW L 3 b Fhxk2 g AT By

=
-k
=
P
D
IRy
W
<le
AXL
3
I
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;‘i
1v=b
~~
-
o
=
oQ
(@]
(@]
o
=
(@]
(@]
=,
©)
=S
v
ﬁm
W
<le
‘%3"
2
P
H\

RTK #_i= % "I 2 2k 10 2 6 b2 fF enfEdg > ¥ 2 BESARE -
E5A b THE LR IR RPN B R ol - kR
fi chpEdEae B &2 o) A Bk ST Bl AR T YLk R Ik
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B e 57 5o PR "U4] > Network RTK Z_ i 538 @ 4 o Network RTK
BIRTK 49k » 4 & * OSR # /& & £_Network RTK %_i=3f ¢ # 1]
* 0 — i %3 CORS %7 > %3 CORS #A|fpd]v o ¢ f*
BT BB R bR RE AP S B B
Benpedr:c it § 0 2 £33 5 DB # ki e # 5 ¥ o (Virtual
Reference Station, VRS)ELF| & » £ BiE L Db o dopt — Ry #H2k
3 U A el = )"]-*L'f’ YUk g TE R LA R R AR .
Network RTK 82 #% & #4 3+ 5. JR 7 RTK A R EEdp a4 54 > v £

BBHTULPE DA R TR B R TR

| 33

3
f‘ﬂ

2
B E_B

a

A S GEZ IE K A OSR HEIIE] o — P BRI 2T A
1% BB 8L Network RTK SRR @ € * 74740 o 5

:x % OSR @i & s3> Fog B 4 - 1 £ PPP ¥2 Network RTK
BT & * SSR #jiFer PPP-RTK i 2 » 4o §] 3.6 #77 o

F93E(3.8)% 0§ SSRIAL P N L T mA MR AR

R idp A B8 P PPP B A Y ORI A LR R

\\f;r

n xﬁli%“’ﬁidiﬂ,jbu BB FfR EIR L H ik A TE S
£ 2 7 B ¥ 4(no integer nature) » £ 4c } 4% 2 T3¢ CORS 7|3k &
2R MR B ¥R s A A AT T pE PPP G OPF R at JE 8 2 < & (dm)
PR V- 3k 0 d 3G R CORS ® Ak kT 4k % ¥
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o Rer A o A0 PPP-RTK 3 7 s ¥ 94 A T @ i dicdF |2
(integer nature) » F)}t ic 49 e # 28 D FHRF A E 2 15 B EF R 2

A (em) e 4 A (B 3.6)

PPP-RTK
PPP - state space RTK Network
- state space - - local/regional | - observation space
- global . - integer nature | - Jocal/regional
- no integer nature | - ¢maccuracy / - integer nature of
of ambiguity, hence, ambiguity, hence,
dm accuracy cm accuracy

Bl = .6 PPP-RTK #_PPP 2 2 Network RTK SfR: £
(Wiibbena et al., 2005)

PPP-RTK 1% 23k 2 %3 CORS 3] es I * SSR -
% o 4 3.3 & #7it > SSR FjFAp 3t OSR vy o8 iR Bl > & B &
SSR W77 8 o W~ STFA AR R WH DSBS (R
% )oig i SSR B gBh44> P B PPP-RTK chg* & A& 2 1< chf
S, 4o PPP-RTK if £ 8 * %0l — REAF* = g %5 cht B 3
(mass market)> /2 & ¥ i@ F ANIRE S L R F 2 TP RGO 2 oo

B (S #- RTK @_i Fjieern)i & fE A BE T2 3T [§] 3.7 o



RTK
o _ HESEIE I 22 FE A
L)L%ﬁ,(ﬁjgfﬁﬁiﬂ: FP&%‘J

(Observation Space
Representation, OSR)

15 ¥ 83 78] & & 3
RS Network RTK

OSR vs. ‘SSR: o 7 LAk RE 72 [u] %& < (State
1. OSRZ #1144 » SSRA| A F 5 1% Space Representation,
By SSR)Ex4X,OSR

2. SSRE E#/NER
3. SSR{E& 7 X B % ARk ~ 3
2%) PPP-RTK

Bl = .7 RTK Z_i= 1 PPP-RTK i~z /7:&

3.5PPP ~ PPP-RTK REA 52 W &

WA &k i F_PPP 12 2 PPP-RTK ¢h% & 4% o iT & % £ K

3 7 GNSS 2% » 4o 2 B JPL~ fe K GFZ ~ p 2 0 JAXA -~ ¥ B

e

—i

AHE A B R RN B R LG TR BT - Gk B A
A2 WA HAMUEBLE AN L PEE SEHEE T 23k CORS
%wﬁﬁié’@@?S$Vggﬁ§@ﬁ;@%g$,§${mﬁ
PPP & =2 K3+ 3 4 > b4 IGS #73& % e RTS (Real-Time Service)/R
#%(International GNSS Service , 2020) °

PR P OPPP Y P AR RARE 2 Fh R UE GFh ARIE L

ep B AP T g 24 0 FET AL I SSR A #2
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g ez £3

| <

Z
TR ¢ IR U D Sl ] 3.8 R 0 A E T L i

#ig & = > v (Stuerze et al., 2012) » 3K #Lip T

TR R L80 PREEE (5 niER 86Xy b

8Xorbit = SXbroadcast - [eradial ealong ecross]80

ot 8 ki g - et oSSR # i

)

[

8Xbroadcast - RAEE rﬁk#ﬁ Bk = B R €radial

N\
€along " €cross™ el

BAS A HE S e R LB g = B o o0l

Bl = .8 /& (radial) ~ 5 #1if = @ (along-track) ~ €2 #ui¢ & (cross-

track) #Lig =

% & % = (RTCM Special Committee, 2016)
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6C

Otorpit = Olproadcast — 7 (3.10)

:E!‘ ¥ 5tbroaalcast é‘ % ﬁ%ft Féﬁ% Es r‘f”ﬂi: ¥ o
FOSSRLLY F L P2 TAA M BERE T
£#(3.7)11 2 (3.8)F b/ 112 B gt o dets PPP bl U T 0L 4

T AT

B = p" 4 dig s + diyoy + £ (3.11)
o =pY + 1N/ —dy), . +dy
f p f ion,f trop (3. 12)

d iR fp A A B R © AR T 2 (38)in e (3.12)

voendk ok R T SRR B BB R B 2 45 14 (integer nature) °

B>t PPP » PPP-RTK § 8- # ek * 7 % & CORS 7] 9775 3+

T2 TR R EHE AR B R R BB B G2 (312)

=

LA e

Pij = pij + ¢

f P}f (3.13)
CDI? = pij + Af - Nfij + €4 (3.14)
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T

i

B2 (B3 (AP Y F R g n #1

AL & 3 L AR R 0 @ 4F

CRE SRS 2 S SR

Bl B ¥ LNEF L4 ik b A e RfFsea (L et al, 2014) > F)

pracpt e o T AT EPITHP 0 fEE T A2 FEER
@ o

Bt i e PPP-RTK #:3] ¢ - d 2540 % 7 SSR & -2 T 44 03
2 # }Jnk*rﬁ;gé]ﬁ 25 F]pt PPP-RTK f3235 F v raf % 2 H AT

Te ko dgrt SRR PORERIE R T ALK w0 PPP R

% 6 + LA o $ {5t # PPP-RTK 12 % PPP 5 % » PPP-RTK &% % 4

¥+ enig84eT (Wilbbena et al., 2005) :

1. i ® ehpe i

PPP-RTK ¥ 14/ * § =iz 4 jck » @ PPPZ & & *

ARRATR

2. f g ek
PPP-RTK & * SSR # &2 i 3 &) th & 4y 11 2 % 2

F 0 &€ @ PPP-RTK PHEa| 7 i3 - R Aty 10 2 $Hin S8 4o

3]

(GA3)ME (3.14) > FI 7 UL PR L F R P 7R AE Sl

PPP f& i% B Fa e T+ % o
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3.3 it B
G Sap)- St N o B2 B4 o d 3 PPP-RTK 2
B2l REE 7 R R TR vOR HULE Sl 0 g R W A

Fo F A R R NV LY A e

Bt » B 3.9 # Network RTK ~ PPP 12 2 PPP-RTK 7 jifk & i&
(PO fFaL o 5 -~ A3 o SLOSR B USSR = i 4 i i of it
RYBFRBEZFE bAc i S U BRI MEEE - ¥

~ 3 * OSR = ;% ¢n Network RTK Z_{+ %] & F_BLp|&# 2 » Fpt ik
LEAG g FFaEApMairy e 02 THA Ry B

He

NIERANRE fes Y S £ 3 0% 5

(

(w
i
\:—\
)‘Pﬁ
I
w2
w2
PU
Z§¢

A

Bt * K > Fpt A S PPP 22 PPP-RTK @ f&fij= ; PPP ¥ # 3
Tk AP T SEL e > @ PPP-RTK Rl 5+ ¢ 27 fFk 40 B
it A el o U E THE R IR SR D o S s U
# Fl(scalability) % % > PPP-RTK 12 2 Network RTK #_i=d ** 3 & %
3 CORS 44 » FJpt B i 3 (7353040 %18 5 4p#z T > PPP % /f % &
CORS 4] » FIpt st H 730 23k o %7 ~d 3> PPP R Jf p (F/&02 7 &
Bora 2 ik e T B3 oH R PPP AT E ek R €

& £ »> PPP-RTK 12 2 Network RTK #_*= #7 2 e b i o
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GNSS RTK  PPP-RTK  PPP
satellite (OSR) (SSR) (SSR)

SV orbit error
GLOBAL SV clock error
SV bias

E
2
t

g

=

o

u

@

(=]

=1

o

L)

REGIONAL / lonospheric delay

LOCAL ¢ Tropospheric delay

RECEIVER/ ¢ Multipath

USER I Receiver bias Scalability

Convergence
Receiver / User

8] = .9 Network RTK ~ PPP 12 2 PPP-RTK z_ tt #&
(European GNSS Agency, 2019)
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Pri 48 %238 PPP-RTKRIBT FRAT & %

PFY RS B2 R PPP-RTK JRI%2. 7 (A A F LB FR%ER
PPP-RTK fRi%+2 T A B » £ 447 2RI % 504 8 R 2 7

f:‘r lri o

4.1 F%F PPP-RTK FR7%F 3

ANFL TR BAARE F oh PPP-RTK @i JRA% 27 it 2 33 o
¥ %z % R Trimble RTX Fast ~ p & CLAS -~ ;£7+ Positioning Australia ~
74 & Hexagon RTK From the Sky % 4g B Geo++ GNSMART2 » 2 F &

B A 2T P edE g o

4.1.1 Trimble RTX Fast

Trimble ¥ # 7 & f&7 12 3] & & %1 SSR JR7%> — 8 §_Trimble
RTX » ¥ — #& /| &_Trimble RTX Fast - RTX $& i 7 2> 3k |+ 7 PPP 2 1>
PRF% > @ RTX Fast P| &_% 3% & % 3 2.0 PPP-RTK _i=JR3% » H JR5%
BB P wmE A E R RIS TN RS o Bl 41 ¢ § 7 "FAST s
# B AP o 3% % PPP-RTK T +/Ri% % & > # 4% 2 ) 3% & PPP
JRF% o Bl 4.2 5 Trimble RTX PR7:7E # > v #-2 2k CORS %3] BLR| T

BT Y T R SRR 2 B BB NG &
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PERLEEE D2 Sl TR A fé;ﬂi%]; % g - @] 4.3 % Trimble

RTX Fast JRF% 7 4 > U f i@ % 278 CORS BB Tt s g
% 3 CORS A BUp| T AL > H AN 22 Trimble RTX PR 722 F AR

BELPI T BE DI PP B F I P B EE ML & RN

0

BfRE A2 TpFerrp o 4 BiE G R —?]" o Trimble RTX Fast ¥ 1 g2

% & kemgl o @ 35 GPS ~ GLONASS -~ Galileo ~ BDS 2 QZSS >

e .g;/%(:tk o> B ) SSR ER N A ,ﬁ_; CMRX » #-Tr e it 21 4, 1

“.’

B

\
RTXNA (North America) [ RTXSA (Latin America) RTXEA (Europe/Africa) [ RTXIO (Central Asia) /
Z58 1555.8080 MHz at 2400 baud - 1539.8325 MHz at 600 baud Z88 1545.4900 MHz at 2400 baud 1545.5300 MHz at 600 baud
- RTXAP (Asia/Pacific)
1539.8325 MHz at 600 baud

Bz .1 Trimble RTX 14 % Trimble RTX Fast #7% 3£ 2_ JR7% % &

( European GNSS Agency, 2019)
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HOW TRIMBLE RTX WORKS
oo

e, B g, EEH

e

# Trimble BT R
N N Ose

) 70

Trimble Global Tracking
station Network _

satellite Uplisk o

Trimble RTX Control Center

= 2 Trimble RTX PR74%%

( https://positioningservices.trimble.com/services/rtx/centerpoint-rtx/ )

f
= = Fast RTX
Schematics

Blddbgr - BAFR? ai0dplE% o dd 3n o it

Trimble RTX JRA#FF » 95% T 3£ Jxact 1-2 o4 p Ariv e [ <
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Vertical Performance [m)

G2 & 15548 (2B ) =8 @ * 7 Trimble RTX Fast JR7%14 > &t

FRTvicLil 1 asmp (L8)-

05 05 T
mean
——— p68
045} 045} 90 H
—— p95
04+ 04+ Data ||
035 035+
0af 3 oaf | o7mn
" 2 p.7 min
o
£
025 £ 025 0.8 min
&
g
02} £ 02
H
>
0.15 0.15
0.1 0.1
005+ 0.05+
0 200 400 600 800 1000 1200 0 200 400 600 €00 1000 1200
Time [sec] Time [sec]
Standard Convergence Fast Convergence

Bl = .4 Trimble RTX £¢ Trimble RTX Fast |z ac ¥ &

(https:// www.xyht.com/gnsslocation-tech/survey-grade-ppp/)

e ¥ 495 Trimble F = F ip 41 » Trimble RTX Fast PR3+ = 1
5 Trimble RTX RS #7 < acP BF » 455012 F] 95% Kk T4 A& 2 2 A th
B o JTRTPFER T U E Tl A AU o “f ez b 7 3 Trimble
RTX Fast PR7%47 GNSS #4xik & 357 R2~R9s~R10~RI12 -~ Alloy %
Trimble &4 2- e jc k> & £.3 % % Trimble RTX Auto Software Library
kg end s B0 B iR (Trimble, 2020) ° Trimble F = *t 2020 & 5 *
7% % > Trimble RTX Fast @ B 2 # fepW&LES00 5 L= & 2 %k
BoHr 2oz BEKEIAR SR EF-GISEEALL > Wz g8

XK S o

ﬁ)
‘-\-\4:
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4.1.2 CLAS
P % FC 45 National Space Policy Secretariat, Cabinet Office # 7 -
FA¥ g Bl o & s i fF R h SSR PRF% f ¥ CLAS (Centimeter Level

Accuracy Service) > UV # &7 P A X 1 % PPP-RTK 2 i+ PR5% o

(https://qzss.go.jp/en/overview/notices/clas_200619.html) °

CLAS{I* 23f#112% p AF PN cnCORS #3+ 5 2138 4 2 ik %
fice & FoR G S BcenTpF el 2 A € 2 Compact SSR #:58 & @ﬁi?l ) 18
ﬁi&li PREVEE TR - ¥ N ;ﬁ QZSS FE (hLO6D A fx ®i% T @ * iﬂ” ’
p ¥ 23 GPS ~ Galileo /4 2 QZSS = i# % & (Cozzens, 2020) - 345
Wiibbena and Wiibbena (2017)sh4zit » CLAS & %] SSR & it 20 4 pF ¢
* 1 B 48 B Geot+ 2 @ % B (AGNSMART2 ##8 (%% 4.1.5 &)
e o8y 2 CLAS F = < 29 JE{F457 o CLAS JRA%P o & *
WP AR K RIFEIER 4 ¥ AP GEY o CLAS SR

2 Ao ] 4.5 90T

CLAS #_p # ptfde ¢ PPP-RTK PR7%+ » 7 3% IRPRFR3C P & &
3 HEAY E D DI T PRIEPE P oA eh]Japan Aerospace Exploration
Agency (JAXA)R| 4 # 7 — B 2 & & SSRIRF+ # 5 MADOCA (Multi-
GNSS Advanced Demonstration tool for Orbit and Clock Analysis) » e &_

Foac % & PPP JR7% > & /2 % = PPP-RTK PR5%
45


https://qzss.go.jp/en/overview/notices/clas_200619.html

(https://ssl.tksc.jaxa.jp/madoca/public/public index en.html)

MADOCA & - B¥ 55d P2 dms 2IRAPRIE > FIL UV EHEH
7% %100 B A # 3 23k 9 CORS 2 © 4§ 4.6 #77 » MADOCA ¢

R g = SR AR BRSNS I« 45 | APANC S sl S - D 1 S

CLAS R &7 & 1 Qﬁ.i?%&ﬁ’fg

2 BE_ =4 B c MADOCA # &
1=k senTpEien g > ¢ 4 GPS -~ GLONASS 22 QZSS » gt ¢
&0 % ¥ F MADOCA £+ 1156 QZSS 5 ¢ L6E i £ #r i 21
L@ ER Y F(f17 RTCMSSR 3%) & % 3 F 2 oh e = pli {1

* é}ﬁﬁéﬁéﬁi%]aii WAL DIReR -*Ff (Totake, 2018) °

EoF XS —EX (CLAS) #iZ

EXTREGE GPS{fi®
‘.‘,“
AR _ - i v

GPSEZTGNSSICL 3Rl
H3REL6{ESICLDTEIEL.

EOFA-SROBBEAIERIR

GNSS : Global Navigation Satellite System (2MEKAVEGESATA)

®l= .5 CLAS % #

(http://www.mitsubishielectric.co.jp/news/2016/0930.html)
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https://ssl.tksc.jaxa.jp/madoca/public/public_index_en.html
http://www.mitsubishielectric.co.jp/news/2016/0930.html

. - :
| Service to the ocean

I Service to Japan | .

| | : : i !
area where dense i A / : 1 and other countries
: Orbit of Q2SS :
I'and stable CORS ! i -4 | where CORS are not |
are set up. : I

Coverage of QZSS / MADOCA

Message Service Area Accuracy | TTFF CORS Data Size
CLAS Around Japan cm-level | 1min 20 to 30 km interval 2kbps for Japan
30min | Apout 100 in the world | 2kbps for World

Coverage of QZSS cm-level

MADOCA All over the world via internet *1min

*By applying local correction data

Bz .6 MADOCA 2 CLAS 2" #& (Jotake, 2018)

d %> CLAS # * 7 Compact SSR &3¢ » Flpt 2 jcik v Jp & £ 32

PN FEB-H PPP-RTK Z_2fR7% G4 p A = F 7 #%(Mitsubishi
Electric)'2 2 Magellan Systems Japan #74F % 1% £ 3 CLAS 2 £z
% o 4% Totake (2018) » S ICEKRT 424 5 & 2 SHEEBIR >
X F 0L i e fr QZSS 116D it £k fc SSR T pFiel 1 4 o §] 4.7

"% Bl 4.8 & %] E 7+ 7 Magellan Systems Japan T ik e 45 11 %

b o
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29

ARRRRRR R

Bl = .7 Magellan Systems Japan 4<% 2. 2 ¥4 (Iotake, 2018)

B = .8 Magellan Systems Japan 4z % (Iotake, 2018)
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4.1.3 Positioning Australia
R PR 2018 # A= T 2.249 g% ~3F £ Positioning Australia
M I IRIE 0 Bl 49 o H @ * ch %% CORS 3 o Positioning

Australia 5 = M EL T RS PR @ * K SSRETE Lo

g

FFHT T35 AP EHERE A A

E:1y
™
&=
w
&
X 3;

gq’\
o
=
(41\7‘
3
o

M FEsFEcr Ay P TR A 10 & & =+ ° Positioning
Australia sPRF%p & /2L B ¥ ~fugy v B E > @ﬁs?] CHEFEEFE

2 3%ie 0 FHwE AT SR F > 4 o (hitps:/www.ga.gov.au/scientific-

topics/positioning-navigation/positioning-australia) = d >/ F L R

P

% Positioning Australia PR7+ £ 2F (%% > $5 7 f2H 7o Fopmdd B2

FORrp AR R Ao
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https://www.ga.gov.au/scientific-topics/positioning-navigation/positioning-australia
https://www.ga.gov.au/scientific-topics/positioning-navigation/positioning-australia

=10°

=207

-30°

100° 110° 120° 130° 140° 150° 160°
B = .9 Positioning Australia # #* % & CORS #:4 % B (R34

(Hu and Dawson, 2018)

SR FCRE B 2020 £ 2 0 1 F RRCREE S £ R R £

Rl

& Positioning Australia PRF%7 &d i 20k @i% st 2 4 o SBAS
(Satellite-Based Augmentation System):Rk 4 » #-2_ ¢ & % SouthPAN
(Southern Positioning Augmentation Network) > F]* SouthPAN =R 33

PR ERNE 20 i %

4.1.4 Hexagon RTK From the Sky

34 Hexagon # BT et £+ NovAtel 2 7 P w0 4% PRI §=
Bl E 23k en> 2 % PPP PR+ 4~ % 4] * TerraStar-C Pro 14 %
TerraStar-X = & SSR A et > 4 > A A3 V2 v e L& 410
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TerraStar-C Pro#% &= w % % en > ZF PPP PR T ¥ H_# * 7 2> 3k (global)
kA2 BEE G M2 LR S8 TerraStar-X B { 18- 9 4 1 #
T 3 (regional) i K38 T AR 02 HUR R R AR i Sl NP R
% i en PPP-RTK o 7 445 0G0k & 5% B30 4R 6 0
M A o4& 417 B TerraStar-CPro PRI+ F & 18 A g pf chpFF 4 ¥
FI]95% KT g A 3 a2 R @ TerraStar-X P E F 1 4 45
N mEE?Fé“fIk’v“ FF95% R T w im A 25 2L 2R RSP A
< by oo

% .1 TerraStar-C Pro /¥ 2 TerraStar-X 2_ +* #& (Hexagon, 2019)

SERVICE LEVELS

erromnce L rasax | Tomsarcrro |
Horizontal Accuracy 2 cm (RMS) 2.5¢cm (RMS)

2.5¢cm (95%) 3cm (95%)

Vertical Accuracy 5 cm (RMS) 5cm (RMS)
Convergence Time <1 min <18 min
Supported GNSS GPS/GLO GPS/GLO/GAL/BDS
Supported Platform OEM7 OEM7
Coverage Area Regional Global

m

1. TerraStar-L is available on OEM628™, FlexPaké

Hexagon = 2 i7#) 4t 1) #7023k PPP JR#%> 2 5 RTK From the
Sky s PHEAF % drppenfimT » 7 a kg | AN EE A
BT AR AR EE S HBLE R o RTK From the Sky
% 3 > GPS-Galileo~BDS = % s c= #7.8] & (L1/L2/L5, E1/ES/E6,
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B1/B2/B3)> i ® fazt & Fpe & B & 2 B it 1Y F % (Hexagon, 2020) -
d >+ RTK From the Sky i3 §1* %3 CORS & k-5 % T 4k
R e A o F)gt A Y PPP 2 JRA% o 1945 Hexagon 2
7 At £ < F 4o fi(Calgary)eip|3# = % (8] 4.10) » RTK From the Sky
Tl AP ED s B 95% KT g iR A oK o p gt o
TerraStar-C Pro ¢7 PPP JRA:P| 5 & =% 15 A 4811t o A ic if 5
RE e BRI o F]pt @ 7 RTK From the Sky &2 2% §_J§ >t PPP R

7% 0 e B H JzaciE B ¥ 144237 PPP-RTK JRF% o

Horizontal Position Error 95%

04 TerraStar-C PRO Service

wee RTK From the Sky Technology

2D Error 95% (m)

‘/.j

0 60 120 180 240 300 360 420 480 540 600 660 720 780 840 900

Time (s)

Bl .10 & fEPRFF195% kT 3% 4 JzacP¥ A B (Hexagon,

2020 )

B 4.11 &1 RTK Fromthe Sky FR7% & 23353 » # 2] B& 3
B AF i PR RIE A K oo 1995 E] 411 B P 5 90%ip] (%
BL) i S e | AN 2 X e T E RS BT R FIT P 10%
BIEE(EERR e 3 AR 23 el d P s a2 HFA o
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Bz .11 RTK From the Sky 2 ZkiPl:# = % (Hexagon, 2020)

%z Hexagon = @ enw B » ¥ 5 OEM 7 k7|11 b 03 845

= ¥ & 32 RTK Fromthe Sky @_i=# it o Bl 4.12 5 - 3 OEM 7 ks 5] 2.

NovAtel Inc

- 17819413 Rev 1

Bz .12 NovAtel OEM719 i #4x
( https:/novatel.com/products/receivers/gnss-gps-receiver-
boards/oem719)
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4.1.5 Geo++ GNSMART?2

R Geott = 7 e GNSS M Eed2® H-¢ 5 § & g B A #H
GNSMART2 &_Geot++ 5 7 3 PPP-RTK PR7%#72F B ch— % ficd8 o o
MR A ER 2 2% W SSR Hiv > b BF GNSMART2 & iy
LHE S F RS 54 IGS SSR ~ Compact SSR ~ SPARTN ¥ » &
%% 4.1.6 & o GNSMART2 %4 4@ 4.13 #75¢ > v & * 7 CORS

P A d NGEA R S B EHE SSRILL B RY K -

Bz .13 GNSMART2 F# i@ 3% 7 $£(Wiibbena and Wiibbena, 2017)

4t 7t GNSMART2 ¥ i£ {7 SSR & OSR 2 [ s » 17 L 4%

SSR 21 4, 43 ) tk i 7 Network RTK %_i= » 4] 4.14 7 o
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Typical way of network RTK data dissemination

. Virtual Reference
m Position

~ Virtual Reference

Position Lo J\

SSR

o0

~ Virtual Reference
m Position

Individual VRS computation for every rover

-

Bl = .14 Network RTK PR 7%= ;% (Wiibbena and Wiibbena, 2017)

4ot > GNSMART2 i & 545 & * % chifdl > 4o 4.15 #77 -

/?\\
DO0N0EOH

0%

GNSMART

o

Bl .15 GNSMART2 ¥ # & PR7% 1%t %

(https://www.geopp.de/gnsmart-for-ssr-broadcast/)
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’F{Ug%; Geot++F & #13k e E_ i i PX;R‘ v AR B E T IS EE L 55
22 T s GNSMART2 + 5 fedicfy b Tr ¥ Jacd o 4 B i

B (50% K 38 4) 0 4o@l 4.16 #77%

Convergence vs. Mean Station Distance

1 1 1 L] I
55km (95%) . 2
0.50 m 100km (95%). .. 4]
= 250km (95%) . ;
c 250km (75%) o
— 3 e TTTT TR | S :
o ;& Ill-.....
> R :
& E
s 3
v}
&J . g nnnu.u"““nnnnngu :
0.02 m : 200ccenevessi--- el 1 J 7 Pyttt Experimental data
: ...."'.'"'nnio... over more than
0.01 ] 1 ] ] i 1 i i 1 1000 sample runs.
0 | 2 3 4 5 6 7 8 9
WE

Bl .16 GNSMART 2 Z_i= 4 i¢
(https://geososo.com/prdt/pdf/Learn%20about%20GNSMART.pdf)

GNSMART2 g * %ﬁ b)z. — &_u-blox = @ 1 PointPerfect PRi%

(https:// www.u-blox.com/en/product/pointperfect) » & 38 PR35 % &_d 4t

B Sapcorda = @ #r4g 41 > | A D L 756_{ SPARTN PPP-RTK - Sapcorda
=& %2017 #d Geot+~u-blox~Bosch~= # R £ 2cng F o @ >
Z_ t$ & u-blox 2 fE ° u-blox 1 f& ¥ Sapcorda e#73 18 » i 3¢ 2021

# # SPARTN PPP-RTK PR7x & ;¢ { % % PointPerfect > i&7 PR7+H_ &
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https://www.u-blox.com/en/product/pointperfect

PLE T AR I T BT LR 2 R RE G SSR

P A 0 P WPRAA R E O HER R S BR RO 4B 4.17 H17 e

/

195 o A u-blox = 7 chw F P > PointPerfect # 14 L 42 § & ke

N

7z 125

&

48 2 TA R o P IR

O™

BRI o PRARE RIS T b b

AR FENUEMNEERLALCFHPEREEFHFEI L a itz Y
B~ P

Service Coverage

Sapcorda service delivery

Service Expansion

v' Southern part of
Canada (planned for
2021)
v" China (planned for
2022; several OEM
inquiries)

Contiguous US

Bl .17 PointPerfect s1PRF3 3 % (F#L kiR : Taiwan u-blox)

PointPerfect #_u-blox = # %1% PPP-RTK PR 7% T o B FTeu-
blox F9 f 4z e ¥ & ¥ PointPerfect PRF% » ;‘3 ZED-F9P # ZED-
FOR =z i+ & % » ¥ e % & 4 (GPS ~ GLONASS -~ Galileo ~ BDS -

QZSS)erjipl € - B 4.18 5 ZED-FOP 12 2 ZED-FOR #_i= &% % ; Ml

TR

o

4.19 5 ZED-FOP 43 )cH-ie
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ZED-F9P ZED-F9R

ZED-F9P https://www.u-blox.com/en/product/zed-t9p-module

ZED-F9R https://www.u-blox.com/en/product/zed-f9r-module
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4.1.6 A% F PPP-RTK & #* ;%

Bebe 530k HAZLPPP-RIK JRIE > ¢ 24 % 52 p AR

2 f 3 WA o d 3 PPP-RTK 4 #§% X7 PPP 3 2 Jc acPEFF » )

BORE DT LR AR T S % e R T 0 e &

i?i\f_%‘?\sﬁﬁiﬁi'au%@% TR A AEREET
BRI IR BR P 2xF s AR E TPV R R B

s R N S RS

"I 4 %@ 5 PPP-RTK ¢h+ W H* 9 6o % — B3 £
Trimble = 2 #2 £ ® ¥ 3 5 (Cadillac);x & = 2 & 1% > A 3 5
CT6 12+ & 3renp & 4 84 B % Super Cruise % i3k * Trimble RTX PR

BREFRT R LR EF B HEBW T EERECR LR

BIERE o 7P B 20 B B (hitps:/www.cadillac.com/world-of-

cadillac/innovation/super-cruise) o #d 4 3. & Super Cruise , L7 & &

£ ®Arte £ % 2 & F i# if B¢ Hands-free Driving p & & % PR7% >

4o 4.20 #7om o BLAR S R 921 F o 2 Super Cruise if * if B

/z'

gh’(

SATHP IR P ATH g R o
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B

B w20 # & ~ 4c £ % 3 % X 3% Super Cruise i B

(https://www.cadillaccanada.ca/en/ownership/vehicle-technology/supercruise)

5= BT R BEP AT RS A E FERE 3 ¢ o (New Energy
and Industrial Technology Development Organization, NEDO) % 2019
EFHhm AP % o ~F %2 * CLAS 9 PPP-RTK PR7% » ¥ 4

jL

-

W o Bl

2B

W

WiEEFA A BFRY o AR IR AP LB

JREERREP ARGFEmEEIH  FHRDAEAW L EE G =
F T2 A GNSS #h k(B 4.21) > ¥ & 32 CLAS PR3 12 %

#42 GPS ~ Galileo ~ QZSS % & i Ll E o & A PE P 50 i
B REIHEE Al P R o FREY % 2 R REE D

B

o

KRS %759 > & A48 * CLAS 1 PPP-RTK i3 it -
TR LR R T R S i

(https://www.nedo.go.jp/news/press/AAS_101119.html ; § *fc 3,

2019) -
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B w21 = ¥ T4 GNSS # & £ ¢ % (AQLOC-VCX)

(https://www.mitsubishielectric.co.jp/esg/agloc/products/vex/index.html)

% PPP-RTK U4 7% > 6 » d 30355 « 242 @i% SSR #c
UALAG R PR > F)pt HE5 PPP-RTK &9 % b B¥ § £ 1| #73) et
55 2 & (latency 2 time lag)®> 5% » 1945 CLAS F = T > 5

QZSS ¥ k% @i% SSR # i 3 4 «hlatency #ic B &) & 10~20 F) 2 FF

(https://qzss.go.jp/en/overview/services/sv06_clas.html) » F]ptiEik e &

& * CLAS *" & % (plant sites)fr B #-(farms)i& (T edt £ » fe 2%

{78 f 2 & 3 Be(public roads) b ehi' & k3 o Z kM- CLAS 17 5 #f 24

b

(auxiliary)® i o g+ B2 e g R T S SR 2 ST A

Ik

Bl E K E M latency A 2 enF % B Z8(Khodabandeh, 2021) -
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SRR BT R ENY B = R R R R URYE
G il 5 442 L Hz (8 3)PBumlicip by 2 5 0 $ho0 - A s

@ FenFE PR Rk T4

42 W% F PPP -~ PPP-RTK #& * 2 & FTH 35"

P % om i- 9SSR T4 ¥ ik PPP 2 PPP-RTK F B
® % o Lisfpd iz PPP & PPP-RTK fRi%5 H & p o SSR 3
(Hirokawa and Fernandez-Hernandez, 2020) > &|4c® & & & /i 5 0
Trimble RTX Fast /4 2 Hexagon RTK From the Sky #& * 338 F g2
S B enp $8 SSR #5358 o @ CLAS 12 %2 Positioning Australia & #*
Compact SSR 4= RTCM SSR B &_§ >t 2> B (open)ta 5t « 1T A 58 B o

=T ﬁv}ﬁfﬁ_é}ﬂﬁi‘ °
4.2.1 RTCM SSR

RTCM SSR # W%/ 5 s ML HEME | € % 104 $#w L
¢ (RTCM SC104) *+ 2007 # #74] F ol Tl gt > 2 p 4R 5 4] 2
- BRREAHSSR TR P ERE S S BIFEL ik
PLER A AR A A DA AWM BT B 2 R FL

HARuEERL s 3 27 4k 7 £ (Vertical Total Electron Content,

VTEC);3. #% & % * # 49 B crec & 4p B T4 & F S PPP-RTK PR 7%
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4. BREgF 4+ o b RTCMSSR &= = 4] % GPS r2 2 GLONASS
ik FLE A L R TR AR KL TR RICM
Special Committee, 2016) » F]* RTCM SSR ¥ = = F| % — |# £
(International GNSS Service, 2020) - g228 B 7 RTCM SSR © % = | %
- P e PPP > {2 &_ik 3% RTCM SC104 ¥ w FfF fL e > A &k RTCM
SSR #-#; 4 £ #2 PPP-RTK JRA% I P+ € L FM ensi— 458 o ¥ 2
= 7 # - BDS ~ Galileo ™2 2 QZSS =7 RTCM SSR » RTCM SC104 **

2015 # % ‘£3% 417 BDS -~ Galileo 12 2 QZSS 1 SSR # 3 JRi31% %

e

v ¥ 5 P 7 BDS-~QGalileo 14 2 QZSS 9SSR %53V 2 % - B
T2 7T TP g message types (RTCM Special Committee, 2015) » 2
42 7 HpRGxE:xE ¢ 2. GPS ~ GLONASS -~ Galileo 7 2 BDS 2
RTCM SSR p & » & 7 7 message types ' % @;ﬁs;?] * /]- « QZSS RTCM
SSR 1 message types 4 %] 5 1246~1250 > P w0 & 4 p & 7 MADOCA

LT * (JAXA,2017) » ¥ B 412 & o
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%2 2RTCM SSR p % (Nie et al., 2020) »

Message type ~ Message name Size of header Size of
part (bits) body part
(bits)
1057 SSR GPS Orbit Correction 68 135%Ns
1058 SSR GPS Clock Correction 67 76%Ns
1060 SSR GPS Combined Orbit and Clock Corrections 68 205%Ns
1063 SSR GLONASS Orbit Correction 65 134*%Ns
1064 SSR GLONASS Clock Correction 64 75%Ns
1066 SSR GLONASS Combined Orbit and Clock Corrections 65 204*Ns
1240 SSR Galileo Orbit Correction 68 137%Ns
1241 SSR Galileo Clock Correction 67 76*Ns
1243 SSR Galileo Combined Orbit and Clock Corrections 68 207*Ns
1258 SSR BDS Orbit Correction 68 161*Ns
1259 SSR BDS Clock Correction 67 76*Ns
1261 SSR BDS Combined Orbit and Clock Corrections 68 231%Ns

#* “Ns” denotes “number of satellites”

4.2.2 IGS SSR

2020 & IGS ,9_%‘« ] %223 i IGS SSR» & - BERERE? R
e SSR TR Y 7 "{:}_Iﬁx%?iﬂ”ﬁﬂ’{f}@? o IGS SSR &793k 3+
#_% 7 :xd RTCMSSR ¥ i #% i- GPS 12 2 GLONASS 38 £ 22 it 3

AR 3L F]t IGS SSR #c 43¢ 7 % & & GNSS e AL ez it

ol
=
E\m»
o

IGS SSR &t ¥ RTCM —;’fL » 7. ¥ ¥ RTCM ¥ m,—‘; kR gk\grill 4076 o ,}3%
4.8.1 & ¢ #53RTCM SSR & P2 Ecig 42 » IGS SSR ¢ TR

B2 %% 5 GNSS a2 % sxit 3 4 (International GNSS Service,
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4.2.3 Compact SSR
Compact SSR # 4 - B -Hi;‘ ﬁ"‘{_‘i x%, it &1 SSR shg -\, L_{J:)‘L’Fﬁ\i,u
77 =8 1. Fh A B PRIE(B] 40 > SSR @ﬁﬁpéﬁﬁxfi fL fi‘{ﬁ_‘j’_ 2.

= A & PPP-RTK e~ g ezt 3 % > 3. & I~w?\‘ra‘p i S 4

k

i€ * 5 4 - Compact SSR e7p 82 28 L 3K 3+ 46 CLAS #7i2 * » & 3%

=1
B

B
*H

&RV A H i PPP-RTK PR73+4 * (Hirokawa et al., 2020) -

Compact SSR it 22 RTCM 4p % » B & RTCM * # 2 & 5 & 4487
4073 T - B 4p F hE B 5 4 (proprietary message ) ¢ ¥2 RTCM SSR
Ap > Compact SSR it § #& 2 70%¢sc 3 3t >3k PPP PRi%(Hirokawa
etal.,2016) > 5 §F L PPP-RTK > Compact SSR # + § &£ :x it ek 3+
12 Slant TEC (STEC) 2 3 $fim f ehgg /Rt 2§ 5 4 » 3 7 e

3 SRR F g o
4.2.4 SPARTN

SPARTN £ % - BE# Mg » ¥ * F ¥ Rmv o ® SSR #
PR ARG AR S Flp A M R e R
u-blox % septentrio #74# * o SPARTN #:\p % & 7 % & % (GPS ~
GLONASS ~ BDS ~ Galileo ~ QZSS)srez it 3 4, » p w2 2 7 GPS %
GLONASS #5% > 5% ¢ £ =~ B BDS ~ Galileo ~ QZSS 2 4p B 25¢ -

RS NAT S St E R Y PR N
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SPARTN s 43 &£ # PPP-RTK #_ixfR7% - B s SPARTN # 3¢

%> PointPerfect PR 72 > ;fa—

4.2.5 BDS PPP SSR

BDS PPP #_BDS ¥4 >t 7 R

LA

* BDS =

W

2R (F REE Bk s mprn

IGS SSR ~ Compact SSR ~

43 %7 o

w3 F%_ SSR o B 50
QZSS, R: GLONASS, S: SBAS; (): & & #-4c »)
(Hirokawa and Fernandez-Hernandez, 2020)
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£ 1 GEO f#k @ & ¥ HTE S B2be P
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-

ik 1 E GPS i A 2 ApRE 2 R o AKREL A NHBE K

i

¥ #& & PPP PRI

A H frgR* e SSR F N4 L - FEM kit - BDS PPP SSR 1

e T_& 7 BDS

%

% > 2020) » %5 » RTCM SSR »

SPARTAN 12 2 BDS PPP SSR =t fiide £

z_ i (G: GPS, E: Galileo, C: BDS, J:

RTCM Compact BDS PPP
IGS SSR SPARTN
SSR SSR SSR
2y RTCM =Zif 4 4 4 X X
LEE, GR(EJCS) | GR(EJCS) | GREJCS | GR(EJC) | GC(ER)
Fug EF K s , , L, L, ,
L N
LR v v v v v
=
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7%~ R F st B ¢ e Positioning Australia PR7% ~ 35 & Hexagon #
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12 % 48 B Geot++ 2 7 % B 59 GNSMART2 7 R B #0848 o
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PIRFEE AR BN S g P MR * 22 CLAS - 3% &7 Compact SSR
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