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Abstract

In recent years, the GNSS constellations are fast growing. Five constellations
can be observed in the Taiwan region, namely, GPS of the United States,
GLONASS of Russia, Galileo of the European Union, and BeiDou of China,
which are global constellations, as well as QZSS of Japan, which is a regional
constellation. Besides the increase of signal sources, the positioning technology
is also evolving. The most significant advances would be the popularization of
PPP (Precise Point Positioning) and real-time kinematic (RTK) positioning.
Another subject which received intensive attention internationally is the reference
datum which is mainly due to the improvement of observations.

This study compares the differences in guide books for GNSS operation in
seven countries, including Japan, Mainland China, Australia, New Zealand, the
United Kingdom, the United States and Canada, as well as the advantages and
disadvantages of their application in related practices. Based on the comparisons,
this study organized an experts-and-scholars panel discussion to discuss this issue,
and proposed a draft guideline for the surveying of MOI’s first-order and second-

order satellite control points.

Keywords: reference datum, satellite control point, guideline
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* & GPS & # T pEAF % B F & Mgk

R S A b G E IR T e S A St N ;{:ﬁ— d % 4 (Differencing) ",/TTEL
BB ST A FIHHBHBEE)TLRFLFF > T A - Hi5k
FUHBPL F G e v B Lk @ P R EF LA 1T
B ks G AR TR G - B AT
shpE o A AMEE o ¥ - BRAE {2 AT L
FRA S BET RS

TS PURALAGHEEFE B - R FE B
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W o APE TS FUTHRA G VEFE L Y R ORI B
eGNSS PR+ B P ip ¥t e i~ » & * a8 $ %3 =k (Virtual Reference
Station, VRS) 1= j# o VRS 12 £ d — B GNSS it 4 7 2 2k 4 » {7
AT AR o TR R Y HIRIEE RPE o R Y o BiE2 fuy

Boofd - Bt Hrpigag s ié’fé'ifi%?*iﬁé/v\f@:l%?* °
Fli 2y A B keh BB G B b AL B AT o F LB
* % K 4fcik b 7 RTK(Real Time Kinematic) i i {7 £ & i » &
L é#ﬂ‘ia‘fifio AR TR BHPRE PR LR E YL

AFTYH G- 4 CSRS-PPP & % & T 4 {5 AT 4p 1 2 i
BHITEPHIT IV ETE - BA T LEF O GNSS i § F e

shigpo A B LR A G H TR Y GNSS § Fl e skl RBF AL e

TR S AR KRB Rk KRR T M e d adp

AR o FABL SRS STl R Ap M e S sk £

2.2 GNSS # £ #3t

RIpITEZFR LRI E FRE - RE R TEER
AEPRAR ~ AL fE g P

1~ %% %

B EBE AZWAREEREIR BRI BE K FE N
B RS PRA o AHZHEARALARE ) ([ THRA T
oo Bt 5 h k2 e e FE GRATAIEIRR T A G E
famsRs  BEEGER- R A F2 B 5F LG %F - & p
LB EE DR > FRFAIRRILGTE & % 4k k30 S 173k
B R PR ki sz X R ehdEdE > 4o GPS ¥7 Glonass 32 * % 2 %
PEIR A o L (S TP Y &k ALF K £ (ISB, Inter System Bias)
e o W TS D GNSS Hjr R F kW o ARERFET
A2 APRE Y YRR LSS 2 WAL TS e
2 B H LT -



dem A F ALY it BH R RSIET UL SAAHES
¥ GNSS 4 B A= AR 2 3 VR SR B MR T RPF 0 o d
PRI o Bt R R PR EFSRA B AL AT <y o F
%%@?%%&@ﬁ%’%§ﬂ%*oﬁe%%ﬁ%acWEQ&ﬁ
R 2t 2 U R R R 0 A H § R PR RPIZ (S R i e
oo warmAlaE k242

ﬁ%ﬁ%iﬁi%ieageﬁﬁe%%gaﬁe%eﬁaeﬁ
AP ELRIE o FIUELR AR K- G h LE R AL o~ FE PARGEAL -
rh AR A ~ B T RFRFL - BT RAuEE ~ TR u

CEHIBRURE PO R AREEF I LMD -

g o S LSRRI R R UL R PR
A FhAMUEBEE R FLAHD S AN RERTER L IGS 2
AWz wEH R EE - F {75 (highrate) ik PF4REA ~ Fh A HH
@iﬁé%%ﬁiﬁﬁﬁiﬁﬂ°%¥FﬁKSﬁ%m%§ g

W RE BT RS FBES > P e R -
RefrR I o
3~ T pEds AL PRI

I pF 6> At (RTK, Real Time Kinematic) T_iz ~ %3] T pFrés iy 2_i~
(Network RTK) » &P & ~ ¥ B % p£ » SARMRIERF P © 57 » 241
BIEEFZTH 372 o ¢ WABREY p22 &% LS N2 g g
%o op o o WEEH M 2 H 8L i+ (PPP-RTK)HirbrA8 & 8 » 077 7 7

o

dNE IR ARG S ENER AL AR NP 2 AR Sk
FIpt > GNSS % 2 iz 2 34 > g # g JL & (Dynamic Datum) - i
o fat LRRETRERY ZEZTAEI S FEL > By P ERATRE
* 7 e A5 5% 2 pF AL B (Time Dependent Datum) » 4cfe & BF4x % 2. L #

f& 7L 2% (Semi-Dynamic Datum) o § GNSS Bl & T 978 5 49 B3 14
%ﬁ%’ﬂ*%ﬁﬁmﬁéﬁﬁﬁeﬁe%ox =N

14



Network RTK p¥f @ whgm > hslieH g E e vpr{ 2252 £
S BIEARE  B e 2P Te poRELp P o

QIRHMEAGERBR

TEARTHES RN 8RT &S Eat e Eiw pas &5 5
Benjisii TERT e (RDF) d % - & & X REEH(1914-1918) B 45
e o L RN & 55 Gl e 4o :B3 T A #w i E | (Transponder)
wFo 1 x T & % % (Hyperbolic system) » T 1962 & » + 7 Fp A
g %5  LORAN-C» ¢ 3R& 3235 0 [S BRI T B ahl o 4%
2 ¢ 7 % B Gee ~ Decca (Wikipedia, 2022) > 14 2 % B0 Omega °» ¥ R %
B e LORAN k7] ¥ » B o #1704 3u i eLoran (Enhanced LORAN;
International Loran Association, 2007) » H 7 iy Z_i 5 GPS 2. & & % 3L 4p
* GPS M % H s g0k % 3 eLoran 1% 33 & (Vulnerability) & 435 %
(https://www.microcontrollertips.com/eloran-a-terrestrial-alternative-to-gps/) °

1957 # 10 * 4 p Sputnik @5 2 &f = # 15 T E AT Fho 8~ & ApF
oo # e H T >xk g = % % (GPS, Global Positioning System)>® 1978 & ¥
E T M TR PRS- HE L ik GPS ch T RIL > v AR E
A TEY R % T 233 | (Arcintersection) » 2 £ & F ar 4 + 1§k
Hoede s o FRRIE S RALS T "ESRT ERFEL kS (RNSS)?# .
MR DT REREL AN N e - BREFICH B GPS 2
RNSS 7 ¥4p 4 ~ R ciFie2rec L 52§ 304 SR F ot B e £ 081
forprgtene b B S o A&d & kG v o i &3+ RNSS 2 B 2 30

,l,,\}]\‘;ﬁ;,o

Aol gz~ dai poanZ A &k (Satellite system, satellite constellation)
ﬂ’Bﬁgﬁiﬁmfiﬁﬁjw%’Fﬁﬁ%?uéﬁaﬁ@;ow%
2-1°GNSS # z GPS~GLONASS-Galileo~BeiDou’ % /& # (RNSS, Regional
Navigation Satellite System) 5 &7 & % & 13 NavIiC 1 2 p &2 B 9 QZSS
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(Quasi-Zenith Satellite System)  #* v’ & ;1 g & > RNSS » ¥ T @ s g %
@ GNSS 3t & s

®EA Tt BT RNSS ) R E R R - AT AR V- BT R
BooREI AR B QAT MR AT

QZSS f 233 ks> 4 2-1 7 4 & 77 5 T R Honhrh ki
Fla B QZSS 7 w i fEk o ¢ 7 - % GEO(QZS-3)~ = %f IGSO(QZS-2 4,
1R)°?§ﬂﬁ © 2024 & 3 % K > QZSS efEh Hep B4 5 TR0 % E kA
P g Bk E E’ﬂ@ff_(Kogure 2020) - B FR QZSS 3 &t %fu%fék'i’
GPS#pk » § Teng i@ p {5 S 3k GPS T i iv ¥ el 3 PRI% 5 & ik %
AT RS O A P F L 2 g P E RNSS( T RS S
B oAU )2 ARA#HE Lo

A BeiDou z_ % » ik & k355 H — % Ji (Constellation) > % 3 # BeiDou
Fh(Lz5)r 7= 23 Paﬁiiéf#";‘] » T 24 3 MEO ~ 3 % GEO ~ 3 %f
IGSO > # Yangetal. (2022)# BeiDou 7 d = B & B o= o v BT fFh k& 5
(Satellite system)¥? T &% % A& | (Satellite constellation) 7 EUSPA(2020) ~ i

2 2k

#fgrk % 3t ) (Radio Navigation Satellite System) i £

72 B #L (https:/en.wikipedia.org/wiki/Satellite_constellation) ¥ 12 1% 14 & £ A2 o &
P QZSS 7 d § - JERUS A ik S o

% 2-1 $HMEEABSHEY BEDHE - BEGm)RFERE

GPS GLONASS | Galileo BeiDou NavIC QZSS
FuF 3] | 6xMEO | 3xMEO | 3xMEO | 3xMEO, | GSO | 4xIGSO,
B RLE m 3xGEO, 2xGEOQO,
P 3xIGSO IxQGEO
g ® & | 20,180 19,130 23,222 | 21,528(M) | 35,786 35,786
(km) 35,786(Q)
kB 31 24 22 30 8 7(4)

f§ & w AR fF & #u 1 3) (Orbital regimes) » R #L3E & K& 0 7 0% A G M
(LEO, Low Earth Orbit)~ ¥ #(MEO, Medium Earth Orbit) ~ += 3 I 3 #ig (GSO,
Geosynchronous Orbit) ~ & #1(High Earth Orbit) - LEO #ig 8 & ¥ 2,000 km

nT > GSO & 36,000 km > MEO /i *t A & R (Seeber, 2003) -
16



GSO(Geosynchronous Orbit » 3 3k fe 3 friip )& - fAEF7RELE > & 3Rk %b
MR sY o g b e ER - R 5 23 FF 56 4 440
F R RKE 35786km s kA it i 8F A, W ki G P
% > % ¥ & o GEO(Geostationary Earth Orbit » # 3£ # ik #ig )&_GSO - i
Fio]o g o ek IR AE > 7 H Fug 5 98 & (Inclination) 5 090 fd 3% 4
o P R BR(E T 2k > Substellar point) 5 2> F A& iE o IGSO (Inclined
Geosynchronous Orbit » ¥ 4L 8 If fe ) #uig ) &P 2 §_GEO (7 GSO - 3 it
FUE PR R B R <3 36,000km o Fla BER FHE 24 PEoBER T
UL 2 e LR 3 gy 34 3 HEO i e pkd 4 i % HEO 4
TR F e
"$ 7 IGSO - HEO (Highly Elliptical Orbit)¥2 " ¥&4&#u:ig | (Polar orbit)
A5 3 5 F 7R g (Seeber, 2003) - HEO & #uig 4w 5 (Eccentricity) % 2. #Lig
ek vle 7 TR T E | (3 R I #FuE 0 Molniyaorbit) » &g 5 0.737
3 BEB R X 5 39,750km - 17 Bh(Perigee) ¥ & 600km (Kidder and Haar,
1990) » ¥ #p 5 717.74min > + &~ #7552 p L p > 22 GNSS % i * MEO f#
BT E T hinig | (Tundraorbit) » ¥ 8 5 24hr > 22 GSO 48§ - 3t
o % 0.24-04 ~ iz 2B & 40,000km ~ 1T Zh(Perigee). ) 5 25,000km - 3%
# 5 1436min > - 4 3%iT4EE p - p o &2 GNSS % k¢ IGSO ik 317 5
(https://en.wikipedia.org/wiki/Tundra orbit) o " ¥EdErLiE | #E B R 9 5 800km o ¥
SLEO 2 - f- M4 560°290° - # BBIELETH e T SR HR
¥ (Sun-synchronous orbit) § & - #& " ¥ 4& #u:g | (Seeber, 2003;
https://en.wikipedia.org/wiki/Polar orbit) °
P& QZSS & * = g £ 3(% 2-1) > #- 5 QGEO (Quasi-
Geostationary Orbit » %3+ 7% # 1k #1if ) > & 45 Kogure (2020) 5 #8 & < »+1° »
oo 5 % 0.008 9GSO © d #4417 GEO v s f QGEO  QZSS f#k i
FIMh L A FlLHPugipd G 2 AF 2 0 Kogure (2020)* #-
QGEO #- % QGSO - % = fa#- 4] £ QZO (Quasi-Zenith Orbit » # % 77 H13g ) -
4 RLQZSS & fehtd - QZO BT v EAT 1GSO - i £ 7 0 R 5

HEO - F] % HiT# 88 B 5 % 32,000km ~ i 2.3 A 5 5 40,000km (ESA,
17
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2021) ~ 3w & 0.075 0 At 5 A F chig (Cabinet office, 2018) o % = &
# 3] 2 _GEO -
7 GNSS #Fk # >+ 5 FIg s+ 4 5@ i » HEO eh% &) o 3t 2014 & d
B 2 Soyuz V4 B & e 3F Galileo % 0 5L GSAT0201 22 GSAT0202
F) 5 B ST E A E0 18~ B endiuag o % LE B K 5 0.162 (https:/www.gsc-
europa.eu/system-service-status/orbital-and-technical-parameters) © && #X #u3f 45 2% 0 @k
FLARDF o AT IRERCE TN FL A TT | ek o B
PRI FURAFEETAFIRRAR c 6 d M EESZRY P PP E
GNSS #1jx &7 &2 HEO % F 3 enR 32 > & 2020 & 11 7 30 p > g
GSA (GNSS Agency)#-3i& 7 3g ik 3K 25 " 222 & | (Unhealthy) - %‘rf%ﬂff o
@ & % # * (https:/insidegnss.com/galileo-elliptical-auxiliary-satellites-removed-from-
service/) © iz S A A 4 2 5 GNSS fFh #H¢ > v - Y FLE B R Dk
F L oo
"f it R koo g5 WA E]F E 9 KPS (Korean Positioning System)#_—
BRI ifEs: st d = B GEO i ikt & w B IGSO f#Fh &=
(Choi, et al., 2020) - KPS 7 1GSO f#Fk v 5 5 0.075 > & QZSS 7 QZO -
th o
EFRAERBEFTE 21> 77 d Galileo3* 84> Flm Z&EE p 3 b
2o kb o T R ATk EALFE L & st (United Kingdom Global Navigation
Satellite System, UKGNSS)2+ 3 »+ 2018-2020 & FF &, 7 » .32 = MEO #
FREME I E M GPS AP o #30 2030 EEE A 0 XS LG
M4 48 (Newton)e p #0347 ¢ H RS "ERE A T - Eaag pFit 4 (United
Kingdom Space Based Positioning, Navigation and Timing Programme, UK
SBPNTP) - 2020 # & RZEEP & & ¥ 5% & etk & @ OneWeb > F]@ 483
OneWeb 71650 i LEO f#Fk% ek 2o 2 R * LEO &7k 1‘#33:‘ GNSS = %2 &
it 18 78 (Wikipedia, 2022f) o
R A e N R L L I e
~ it oA e GPS & * A A 5 0 L1 (1575.42 MHz) ~ L2(1227.6 MHz) -

d 2010 &# 5% 3 2016 & 2 * > @ &+ 12 3¢ Block IIF f#F: » % {8 4
18



7 Block IIT fk + (B #v ¢ ¥ &F 4 %f) > 3 4c L5 (1176.45 MHz)(Wikipedia,
2022a) o

GLONASS i #* 2 #g F4p ¥+ F = 2 48 32 > & * FDMA (Frequency
Division Multiple Access » 4 #7 % £ :&4%)pF i * ¢35 L1 (1602 MHz + n x
0.5625 MHz) ~ L2(1246 MHz+n x 0.4375 MHz) > n #_f#k #f 5 3 chimsg o
% #% * CDMA (Code Division Multiple Access » 4 /& % & &£ )enfi-jn™ » 3%
2011 & B 43 579 GLONASS-K1 % + 5 L3 (1202.025 MHz) » 2R3 &t
e GLONASS-K2 %% #-3 L1(1600.995 MHz) ~ 1L2(1248.06 MHz):» CDMA
S8 2 4, (Wikipedia, 2022b) -

Galileo % «hi k47 & El (1575.42 MHz) - E6 (1278.5 MHz) ~ E5
(1191.795MHz) ; # # » E5 % 4 % E5a(1176.45 MHz) ~ E5b (1207.14 MHz)
(ESA, 2022; Wikipedia, 2022c¢) °

Az 5 Eh 2 BIC (157542 MHz) ~ B2a (1176.45 MHz) ~ B3I
(1268.52 MHz) (ESA, 2020) - QZSS f#&kh £ GPS - 3% » F|pt £ L1 (1575.42
MHz) » L2(1227.6 MHz) ~ L5 (1176.45 MHz) » @ NavIC f| %% 4p e o

Er B ek 5t % 5 IRNSS (Indian Regional Navigation Satellite System) » H
i (¥ % 5L & fE 4 NavIC (Navigation with Indian Constellation) e ",ﬁcf 7 * L
BB e pER  SLE > 1B B g 3§15 (1176.45 MHz) -~
Sband (2492.028 MHz) » NavIC p v en 7 3 frk » ¥ ik EF P R 2 H % 4
1,500 km > 7 34 5 11 36k e o 23S E " 2 2RE]° > ERTAF
YirE e =% 0 8 L 5 GINS (Global Indian Navigation System)(Wikipedia,
2022d) - Upadhyay and Bhadouria (2021)3% ¥ NavIC #3734 L1 £ (1563.42-
1587.42 MHz) -

R ki M 2 4F F AR R BIZ4r £ 2-2(Everything RF, 2021; ESA,
2014, 2022, 2020, 2021a, 2021b; Everything RF, 2017) » B 2-2 5 GNSS & &
T k£ > BeiDou fiFk ¥ FUE M 53 % B Galileo ki AP o e & B
22% 4 22> ¥ u—g RS2 1

B s g2 ﬂﬁ?*ﬁ?@‘m "HERGME RART AR

(ITU Radiocommunication Sector, ITU-R) o 4 fie >t & & 7 Ffafmh i 5
19



(RNSS) e g » Bt Lt f o 5 L k£ 28(1,559- 1,610 MHz) > § GPS
L1 ~ Galileo E1 4v GLONASS G1 > *+ i L st £ (1,151-1,214 MHz) £/ 3%

A4
f
W B

(Amateur, 1240-1300) ~ 3~

Huhgr X, p

A

exploration satellite)3L 5L % » 7 % < 3|+ #(ESA, 2014) -
ARMT AR DL KR ¥ A [EEE % 3k % 34 (http://www.classic.grss-

ieee.org/frequency allocations.html) ©

% 2-2 $HMEEAAR - AR (MHz)

GPS L5 4r Galileo ES(B] 2-2) o i& Bk Bod 3t fatdns B i * o
B % PlidF ik o H 4 GPSL2 ~ GLONASS G2 §r Galileo E6 13 %
= 12156 - 1 350 MHz #f & > %1% FEREART
& & AT T_~(Radio location) ~ ¥+ Ik #5 # ¥ % (Earth

GPS GLONASS Galileo BeiDou NavIC QZSS
1 L1 G1 (1601- El (1575.42, B1C L1 L1 (1575.42,12)
(1575.42, 1593) 24.552) (1575.42, (1563.42-
15.345) 32.736) 1587.42)
2 L2 G2(1254- E6 (1278.5, B3I E6 (1278.75, 20)
(1227.6,11) 1237) 40.920) (1268.52, L2C (1227.6, 11)
20.46)
3 L5 G3 (1214- | E5(1191.795, B2a L5 L5 (1176.45, 24)
(1176.45, 1189) 51.150) (1176.45, (1176.45,
12.5) 20.46) 24)
4 S
(2492.028,
15.6)
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<€ Lower L-Band > <€— Upper L-Band =

ARNS ARNS
RNSS RNSS RNSS ‘ RNSS

SAR |

B cAutcoBands [ | GALILEO SAR Downlink

[ ] epsBands [ GLONASS Bands

ARNS : Aviation Radio Navigation Service RNSS : Radio Navigation Satellite Service

B 2-2GNSS £8 Tk

(https://gssc.esa.int/navipedia/index.php/File:GNSS navigational frequency
_bands.png)
Poan Eanfprh AT Y LSS B R 0 el 2-2 frhE
7o B LB o bttt A B 4w E NavlC “,f Lgfebmigr S
E o if 3 OneWeb Mtk 3> H i@ % 2 4% 5 Kud B WA Bk
@%ﬁ%ﬁ»juKmm?’é?&ﬁﬁaiwm%mm&mmyf{ﬁﬁ

ERPAILEE SR T

7~

232 HABEHRF
GNSS * % shéfufiat » o 1 FLf ST A (- e B & § S 913

Flenf e #7- GPS S #en ks> @@ % CABEPB - C/ABEAFIA LI
FAR S PRl A F1 L1~ L2 Tk cC/ABEART I PHBILEY -
¥ T GPS M I AR E SRR A0 S WA DLAT LG 0BG
w il Bchp e B o 2t (Dataless acquisition aid) 4 2 FHYNAV) F i ehl &
w 4% | (FEC,Forward Error Correction) %n#% o & #chpds & o 0t | £ #icd;
aﬂﬁwﬁﬂ%’ﬁ%%ﬁ%a%’&&%ﬂ%9%£*@%Fﬁ%%oé
R P s R S o ER O B ER PR DD AR

21



PR TR B AR T R B R it GPS LR
gk a4 0 T B 0 23 4P B (Cross-correlation) ™ fie & £ RE B~ BEALELR| £
i o %= Herie F_a HNAV)F R i * 5o 4 (FEC) kG o d
T NAV &%méﬁ% FAPHEBRGELF 5 F) 50 ) Flpto| P g7

ie § A4 F < S % FEC HF WS40 & F 2 485 & (Robustness)
7 %2 ¥ :7:E(Teunissen, Montenbruck, 2017) -

Paddl e Ll Uk b s iz @ CAABE PR > 75 Mags
LIC- 2 ¢ > MABERTHE* 75> 3 o P g & Tt o 4 > P fganik
% T A "TJ)a el 0 B 2B P PHRE MBI P BN KRR
LI1C E_C/A f it Fg { A7 o K342 ° » LIC ¥ £ v QGalileo E1 2. 3
¥ 17 (Interoperability) » 4o #7if » A FLEH e 7 A B> » LICP & # #
2 55 (pilot signal) > d BOC(I 1) 22 BOC(6,1)3 83 4] %% 2 PF R % 1 (time-
multiplexing)z_ 33 #] = 5% > pt IR0 7 7 Hedp A -L1CD B % 5 BOC(1,1)>
Pl By o BOC & "= il ¥ 434 41, (Binary Offset Carrier) » £ %
Galileo % ¥i3k3-i8487 4 B Ji¢h— 84 4k 3# (Split Spectrum) 4 34 4]
U(ESA, 2011; Spirent, 2011) « #p%f i > @ % C/A 452 P 48 % & * BPSK
("= ~4p# 44 > Binary Phase Shift Keying) = 7% # 4] o

B L2kt GPS LA b B fEd o % PAR Y > H{4c T L2C 1A
REFEPHBOMEG - ATH O LS i > B g a3 £y B
g Fo 3 A BN 35 T# d4p £ (Phase quadrature) » 18 * 2. #B &
w5 15 2 Q5(ESA, 2021a; Wikipedia, 2022¢) » < & ¢ > o 320 55 22 fedp 2 5L
2d ¥ p 4o e L5(d+p) ~ LIC(d+p) s ™ F 2 QT 457 > 4o L5Q 5 L5 2
gl > LS 5 LS 2 #icdpn gl > @ LSQ & Lol &2 5 & 2 gl » e § 5 -
w 7 75 (ESA, 2021a) -

p w38 it ¢ 9 GLONASS-M ¥ GLONASS-K1 f#% + » 2 FDMA & i%
¢4 A% (B %)% LIOF/L20F 11 % & % (4 %)#% LISF/L2SF » 4 w3 4] &
Gl 22 G2 i > 2 CDMA # #4]e0% G3 A E > L30C % B g - 4ok GPS
ALIC - 4% > A% % BB By %4 - L30CP & L30CD > 2 7 5 # %

% 1 (ESA,2019) - Galileo f# % ** E1 A x4k -2 3 5L 5 E10S ES L B 5
22



ESa~ESb> r1 b 5B %3t o & E6 & 5 CS> 57 % e %45 (ESA,
2022) - BeiDou % & » B x5y Bl ~BIC ~ B2l ~B2a~B2b~ B3l 3
& 4 4 04 414 @ %+ BIQ ~ BIA -~ B2Q - B3Q - B3A
(https://customersupport.septentrio.com/s/article/Beidou-signals) ©

QZSS % L1 &3 C/A~LIC~SAIF> L2 1§ L2C-L5 3 L5
E6 /4 53 LEX(ESA,2021b) - NavIC 7 L5 /&4 £~ 5 SPS (Standard Positioning
Service » &2 2 _*JR7%)¥2 PS (Precision Service) st 55 » F&HF A4 S
E @ 3% (Wikipedia, 2022d) - Upadhyay and Bhadouria (2021)3F ¥ NavIC #3g
TATH L1 B 407 SPSsL - 2# GPS 2wk 2 LICHE » £ 7 3 4%k

f’p}/} °
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% 2-3 $HMEEH

GPS GLONASS | Galileo BeiDou NavIC QZSS
L1 C/A, FDMA [E1A], B1C(d+p), L1 L1
@ L2C(d+p), | L1/L2 C/A, | E1(B+C) BI1I, SPSU® | C/A ~
L5(d+p), CDMAL3 | ,[E6A], B2A(d+p), L5SPS, | L1C»
L1C(d+p) E6(B+C) | B2B(d+p), B3I | SSPS | SAIF -
, L2C >
E5a(d+p) L5 E6
5 LEX
ESb(d+p
), E5
* L1/L2 FDMA BIQ ~ L5 PS
Bl P(Y)™, L1/L2 P B1A(d+p) ~ S PS
g L1/L2 B2Q ~ B3Q ~
M(d+p) B3A

*a d NVS i 7% # 4~ (Reddy, 2022; Upadhyay and Bhadouria, 2021)
*b B 4313t 2020 E &) 3% % (Moran, 2014)

A HBEG o ",f T >l 5 1 (Multiplexing
A)EY - BURR oA R S 1 W A - B
By 5 R GUBLE AR G AR FIS T S 1 RS B

Mep A 1 BaEAE o wWiER [ S
oG ok g )y E s A

Tt 1 (TDM,

FI- BB RAE R @iﬁ%} LU
TRERRGANPEE- 3N S A= A= 9 S
(https://zh.wikipedia.org/zh-tw/ % §& & * ) o ¥ jivm & 3

=

Time Division Multiplexing) ~ " 4 #f % 1 | (FDM, Frequency Division
Multiplexing) ~" 7 & % 1 | (SDM, Spatial Division Multiplexing) " 4 # % 1 |
(CDM, Code Division Multiplexing) ~ " #& i* 4~ %] 4 1 | (Polarization Division
multiplexing)~ ' #ig & # & % 1 (Orbital angular momentum multiplexing) e
B lEAT et v, P T e ald- fR 3R
B A FAe gl 4o GPS kALl A LIC/A~P(Y)~M~LIC
w f& o $ * 5§ CDMA (Code Division Multiple Access) = ¥ §F "$ K
GLONASS R 450 L1/L2 5. 8_FDMA 17 #h > H 8 & k253594 * CDMA-
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233  EALERE

WgErh f SanT ki 0 — SR8 g > PR 73 (Standard Positioning
Service):* & o & * I FIRIE P RIS T i T L B AW 51 22
Flb AF0ad R g o HE A @G e 2 TR
AEMFEIERE

PRI ImETANFF ¢ gRE FTAIREmAE -FE BPRA 2
v BRI K 2 ki R AR o - BB 2 R REEE 2 TR
¥ & F]F | (DOP, Dilution of Precision) i » # % A = B2, 0 & & > BB E

FREARD S FMALRT FIA2Z A ETR LS TR TR K
# £ | (UNE, User Navigation Error) %
UNE = DOPVSISRE? + UEE? (1)

H ¢ » SISRE (Signal-in-Space Range Error) = ~ % ¥% 4 » UEE (User
Equipment Error) 3 i * —ﬁ LA iﬁ%@-ﬁ’@fﬁ_ﬁ& gm0 B =R 2
SISRE (Montenbruck, et al., 2018)

P ZASLEEERAL | (SISRE)L & F+ 5k puf s> Al o
N

SISRE = \/(W?R% — 2w, RT + T?2) + wZ(A2 + C?) )

R & #uig /2 » 3% 4 (Radial component error)’ A 5 #uig /- #iu e 3% £ (Along-
track component error) » C % #Lig i #u# 3% £ (Cross-track component error) °
T 5 PF4a:% 4 (Clockerror) s wy ~w, 5 4c g 2lc> 2B & %2 FF o

Montenbruck, et al. (2020)r2 F i 2> 3% 5> 245022 B GNSS & % B B 2
2> 3 IGS 3 WTZZ #2020 & 2 * 27 p 24 ] PFEEAR LB = % -k T &
# 2. SISRE %2 H is iﬂ’}ﬂﬁr’z\ 2-4 o % SISRE :=& ¢ » F* 2.7 2 51V ¥
% b Bk AR R B > 4T 2 4% & & > GPS ~ GLONASS - Galileo % 4 %
M GNSS 4 47 ¢ & CODE (Center for Orbit Determination in Europe,
Switzerland)z* & 2. & % ’BeiDou—3(nlL e ) U S S A b R A
= (WHU) = % oF X & 7 7% i £ | (DCBs, Differential Code Biases)P| % & * #
B s B2 2 % oDCB £ tadp e & 3 kA % 5 B GNSS T 43 BLip)

B2 BFenk YL & | £ o d »Y Montenbruck, et al. (2020): =& en&_gHap «
25



BLiplE > F]m 2 & DCBs et o

% 2-4 BERBLEMAFLEHRE (M)

(Montenbruck, et al., 2020)

Bk Fhi#c | UEL UEE | SISRE | UERE | HDOP | DRMS
GPS 31 L1/L2 0.7 0.6 0.9 1.1 1.2
P(Y)
GLONASS 22 LI/L2P | 09 1.7 1.9 1.3 2.0
Galileo 22 E1/E5a 0.5 0.2 0.5 1.3 0.7
BeiDou-3 24 | BIC/B2a| 0.5 0.4 0.6 1.3 0.9

3 B QZSS 2. SISRE » »zx: %%(Performance speciﬁcation)i [T N
2.6m - Kogure (2020)* 74 %2 3%€ » IF w3 f@k &2 p 2 TI9E 2 &) ~ &

A fEdrd 250 B¢ QZS-1 2 Bt B A3 EE Ak > QZS-2 ¥ QZS-
2B A AT B 105 R

% 2-5QZSS " K EMFTIEEE | (m) (Kogure, 2020)

#wh I35 Bo) B
QZS-1 0.55 0.41 4.61
QZS-2 0.77 0.43 2.32
QZS-3 0.79 0.49 1.77
QZS-4 0.85 0.60 5.11

i >t NavIC-d »t & 5y & JEH SISRE &£ 472 < #3351 % Maetal. (2019)
2 A3k o NaviC e 8 2 RIRBFH 2 FEI R FL 2 A5+ 9 Im>
A% EE S %X 2me

Bt 5 E KRBT R RS T FE T R FLE S PR
B4 3 A (DN 24 R F R TS5 DOP T % > A R T X FauEy
UNE &% % > 35 2 2 B o

Ao R A T
%zﬁ@ﬁaawiﬁa’{%%é@ﬁﬂﬁxu%ﬁ&@’%ﬁ%
o 4 R SRR 0 E 2 G R LR BRI R B~ o d SR il B s

P RBNEABF S AL AR X R SRS o &% 4849 GNSS
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Beyp /L™ 37 o PRI BRI R B T 0 F AR LT 2 ¥ 5]
F 2 E > RIML g H p— 3 Nz g o é_éj}%v‘ » Ashour et al. (2021) /& *
35 2 B B BpEE 0 & W02 Trimble RS ~ R8S ~ Net-9 4] 2. GNSS #
To RBR > BLPME S S - fi- £ - B AR &Y 510°¢ # * Trimble TBC %
SHEHRE TR T L2800 T kP 2 - L EE 8% 2-6 5 GLONASS-

BeiDou ~ Galileo & "LAJ?LE R A EHE 2 A% B GPSE 2 24 &
g2 3 - REL o - REFLINZp BT 2 T2 foB 5300
Fdo

_ j J J

_J(AEi)Z + (AN/)2+(AR))? (3)

% 2-6 BMERMF —FME (m)

(Ashour et al., 2021)

Fofz FEHL T T LA T 5 () 10km) FEAE 7] B B i 2k (%) 40km)

2 hr 6 hr 24 hr 2 hr 6 hr 24 hr
GLONASS 0.014 0.011 0.007 0.034 0.022 0.018
Galileo 0.011 0.008 0.006 0.021 0.014 0.004
BeiDou 0.023 0.008 0.017 0.027 0.030 0.009
& & 0.016 0.006 0.006 0.011 0.013 0.005

234 &
"5 % k548, Z_ GNSS #FE P B E 3w ira‘é;m%iiml#ﬁ
2RSSR gk T AR YRR —gﬂ P B 3 & B4t S GNSS
BT Ay 0 B B R 7
P oAl R T 0 B R E T
(Ambiguity) 4B~ > GNSS J % it e 58
1 g d ol B o4 LS LB o 327 AR pmplE > 7 FpF
BN BB i W R UL B AT A 0 &
S NaviCehS g o d SpE e L fapiplE > #5000 4k ut
BT 7o BRE T L OAEY S B E 0 o0 i
(Wikipedia, 2022d) o fe & % B d **34c L5 &2 S f > 0 @ 2 %
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2B FlF et ok RAd T RO THE oY AL E él—*kv‘ o
2. BRERS LT ¥ R (Availability) d >t EE o p Ok F H 4o
Pz ¢ TP A BP < g cied GNSS ik RER
Bw e ko B 2022 & %] > Trimble Alloy 4T ik ¥ M e B
BLR| 672 B 4F i (Channel)(Trimble, 2018) » #7i; EB~2 5L » ¢ 3
NavIC 7S jH £ o
3. i LSRR R B B AP SR EH 4 B pF
%z ¢ ¢ ELPIORTE Bcp < ek T 3R (Leica et al, 2015) -
#_IGSO £ GEO fFk crdif4e > B (Fp 4 d <~ S ¥ %> ¢ 74
A > GNSS 7 F =ty > o
4, F PG ELPPES R EFF U ARECEPIFRT N = BT
%iiﬁﬁieﬁﬂ&%%ﬁﬁ@&*ﬁ&ﬁﬂ’ﬁﬁzﬁﬁwi
7 R iE ik A E f2 B »%ac (Chu and Yang, 2014) -
d B AR it 0T SRk B B B AR b FE 0T
RO RAIEHRET ARZCE R A A F s B AR

/EIJ;‘E_%&&FK#IJ/EIJ:&'L)I’%% N r’g 7]»’32}%& ﬂg"b&; ’i——fr %‘57}\;{_]_ F_— l[% ﬁ‘;géi‘ o KZT‘ LL 7 )
R ApwELs3N s iRy TiRE | (Mixed solutlon)m" o AP A bk
AU KRR L SR G ERL HEI B BRI BRI A

2

s Tes | (Integrated solution)™ 3% » & % Bk E T2 JEREPE I BT
Ao e F LR AR DLBRFERAr LR e 7 T HAFBL (ISB,
Inter System Bias)« /f $e % o F] ISB B g k2 T K7 5 L B> Flpt
ek BijcR2Z AR 83 FISBY RAF 7 48 (Ha °kansson, etal.,2017;
Mi, et al., 2019; B 32z » 2020 ~ 2020a) °

24 2RESEEHBAGER
" >3k %= % 5t (GPS, Global Positioning System) e B 438 17 » 2 fi &_
G PFERS- AL Ltk d 2o RFLFEF R RRIE O EAR

m 2 ool 2k EaniEs k5L (GNSS, Global Navigation Satellite Systems) % ¢
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AR TN RERBL AN g d - BRRFaOF L { Z
Bk A g o RIEIEE S FIGPS @ T Ui S 23k - K o GPS 2% 0 X 2 R
TAE A BEEBRIOA & N TS m e IR A PE RRIT R
— B g B B FMRERRZ T o RS RB DR T 2 e o (e E
EEEYPEPIL YT T ouaE 2 AN - f22% ik £ (Star catalogue)
(Wikipedia, 2022) « Bl 2458 % ¢ * (0% £ ¥ T A~ % 4 | (Catalogues of
Fundamental Stars) - 4- FK4 > % 1963-1988 & fF i * (Wikipedia, 2022a) -
TWD67 ez B AR = o R > if 4% 2 2 PIEX BT % chk £
LFK4e - Renk 40 ffd 2 2 Rl EH BT UEFI GRS R 2
&~%¢%&£’da@ﬁﬁﬂﬁﬁﬁo@{g%%@\ﬁaﬁ%y%a@
B 7R GE LR B AL (Vertical deflection) % enig it > o 4t JEF o 53— FR 4 2 £r
{+¢1g;ﬁmez@ﬁnw%gyﬁ@%yﬁgﬁa,ﬁi?uﬁﬁﬁi
HE oo T o GPS ERIEIERY REA 2 HEFTE TESES
(Paradigm shift) o

M GPS 215 > GNSS 7 F4p g ~ R FEE L > By MA I F
i B o e B > BBt B A G A o A2 d BB kMg e o

B & #F 31 GNSS 328 2 384 p i o

241 A ki

GNSS #13 ik ARG+ > & 7 > (Position) ~ ¥ 4y(Navigation) ~ & ¥
(Timing) » & # % PNT o ikyp T & > GNSS 3 % & 38 - fEa 548 = H »ein
07 E o ipitt iy 0 F ZAHPNT =25 ¢ » iT- 6w a8 & (Accuracy) ~ #
3 1% (Reliability) ~ %= & 4 (Integrity) ~ i@ 5 |+ (Contiguity) ~ ™ % ¥ #* {4
(Availability)z. — 78 & % 58 - ESA(2018)4xit b — 3 5 > E'jgr} e RIRE
N FALAIR BT o A ARk Sk ik o

% 5 GNSS #je Bhom 24 A 3F -7 U R A 5 & A H 5% & (SBAS,
Satellite Based Augmentation System)¥£? # L 3 52 % L (GBAS, Ground Based
Augmentation System) o o FjFF Fe A 0 & FRYF ApE T N %g d 3 iE
FREr BRAES ST A prFr it Eaddy 0 TR
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W23t dgd il A TR e B iR gl
-+ ?é‘wﬁ o Bt R RIS B B L ,Tf‘ub'“r@% 7
SN E B SR 0 W A 5 LRI Z B & i (Observation Space Representation,
OSR) £k iy 7 ¥ 4 i (State Space Representation, SSR) - OSR #_1p ¥+ T_i= R
P > SSR P 5 G4 T pRIERE T o
FMARH T EATE T AR D B - S sk S sk GNSS B
BIFHEAD S HTTE T A * DR GNSS TR deg @Eiz?
TORLZ BO3Y o RTE e GNSS Hie ik SR g LiB- HE R FLREML
Faol BB 2 Wan i v VAL R Y DI BT e AL
SLAM ~ x££ SLAM -~ 5> %2 & jm ﬁf%éﬁgm,g VB IS TR
TERIR G F G At GNSS ALY g F RSO ~ KRR A LE S
L%~ % {r GNSS ¥t dmfg > 227t
i fcit GNSS 35 4 M - 1k Ao AT A - Lip L fp
MELNBEE A FPL o & JL L AL * Fh > 4ol WML Inmarsat 5 4L % AR
Plig * =g @ R7 4o UHF~-MF~ 12 % (753 30 o & Ntrip % B = 82 8
iR A L8 M A L B2 B L o ;5‘? A g7 GNSS 3 38 PRFE P o
ML T & AEE A2 ¥ o 11 E K GPS F 4 (hitps://www.gps.gov/) ¥ 3¢
GPS 3 58 & sLergilp? > 38 3 5k % (WAAS, Wide Area Augmentation System)
T E A 2 E>B 9k 43 =% (CORS, Continuously Operating Reference
Stations) ~ 4 b ¥_iv ¢ * "F‘]‘ PR33(OPUS, Online Positioning User Service) * B
APE Y S8 A ks o W% GNSS JR#+(IGS, International GNSS
Service) » #r#k - eauiE B B JF L & N A o0 B A G 5p %
o R SRk B BRI T B RAL A GPS kit (NDGPS,
Nationwide Differential GPS System) > % 4%+ % -k :g cha =22 H & GPS
WELF TiEH I E ) (SA, Selective Availability)pF 8 #& = # B cPRF% © SA
#2000 # ¢ Bill Clinton s stz % i1t » NDGPS B 2020 # 6 * 30 p i®
& o NDGPS # R— 3 gk e 58 & 6 o
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Accuracy

GPS, GLONASS

10m =
GALILEO, GPS Il

Pseudorange

4 3m = SBAS

h
Im (EGMNOS, others
DGNSS
S0cm —  GBAS

A 20 cm

Smoothed
Pseudorange

Tier Phase

10 cm — PPP

= reak-time)
¥ Som -m PEP
[poest-provessing)
| D

I I I
20km S0 km 500 km Worldwide

>
Baseline

B 2-3 GNSS 3 3% % #htb i
(https://gssc.esa.int/navipedia/index.php/GNSS _Augmentation)
F-4 £ e GNSS R 55 5 %> B 2-3 5 & kA Alz vl e d 2B A
B grens SN T AR 0 Bl 2-3 ¢ oo e TR AR 5k B(SBAS) £

S - apule FE @E L EIRAE 0 A 3 R E U s B -

PPP v itk & 3¢ T-Ei’ﬁ%]ﬁ”ﬂiﬁ » T X3 ¢ 7 wSBAS Y o At EA K
% B ch— 1 2w (EUSPA, 2020) ©

A2 erw fiF 2. GNSSHE5E & 53 31 % go' 2ok daiFh i S8 (GSA,
European Global Navigation Satellite Systems Agency) > 7 i * Jﬁ Foprdp £ ¢
e & (EUSPA, 2020) ©
(- )& A5 % kA

SBAS ¥ r & B4x8 B 2 2 B WASS 5 &£ 4] "$ @ * fFrh Bl
WAL pEFFs T AT ERE RFELDOT 2L MR
Heigi Hiw@ir? kie 7 %P EGNOS (European Geostationary
Navigation Overlay Service) ~ P # MSAS (Multi-functional Satellite
Augmentation System) ~ QZSS (Quasi-Zenith Satellite System) ~ & & GAGAN
(GPS Aided GEO Augmented Navigation) - % & ¥ e 7 8K SDCM (System
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for Differential Corrections and Monitoring) ~ * & BDSBAS (BeiDou Satellite-

Based Augmentation System) -~ i K] KASS (Korea Augmentation Satellite
System) ~ 2L fo 5 iF 4o Bréc fuy & > K (ASCENA, Agence pour la Sécurité de

la Navigation Aérienne en Afrique et a Madagascar)s & 57 A-SBAS (African-

SBAS)

®H8 ad B SouthPAN (SPAN, Southern Positioning Augmentation

Network) o >33 B R ;w & £ B SBAS PRix 12> % 4oB] 24 -

Cat-l

Operational

MSAS 2007

NPA only
LPv | 2023

Cat-1 150

CWAAS 2007 |

LPV*

LP

683

*LPV countincludes
Category 1 approaches

| ASECNA | 2022 |

Bl 2-4 >3k SBAS # B ;< (Lekkerkerk, 2022)
SBAS i * e+ § 54 3k#F )L f 5 (GEO) » * i3 SBAS Rk i d

GEO &

B @ R EESURL S R B £ A R fr- & 4e S 8(EUSPA, 2020) :

GEO BliE : £_ GEO fFk @ﬁiq?]ﬁpffu GPS e L1 250 I3 4c *
S F i Bl o

B X (WAD) @ &R B35 enig * GNSS/GEO ##UpR it e i
AR 0 R R BRI o

GNSS/Ground Integrity Channel (GIC) : =} 73 » * 2 vx >
WHPR T T o

SBAS & enFa e 3¢

WG #h FHPRIF(GNSS v GEO)enfrk fiif frpfsaie® » 1
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5 g1 ik Ap B 3% 4 % 21 (UDRE, User Differential Range Error) e
® piLELenT AR 0 UE & T HE ML F3 (GIVE, Grid
Ionosphere Vertical Error) °

® LK o

He oo GFE PUE/EARD o R BA K BB i fh o SBAS e i
# —?‘f BT BT ER Y el o ¥ kst £ R s B A
FRBEHERAAE 2 o “,/TT P2 b & 3E L HFPIEEIRFE 0 GEO i
% enisuicdp - i iE SBAS @ﬁig?l o

SBAS 82 5 B3 > e 8 5 %B AR U EFFD Z 0 p A B R RN
2d i~ BA o BRI R oo A R(Q018) T A BSUTE ®
7 U2 T GAGAN &2 MSAS 2 28 > 2§ =3 RBR 2 @R e 4 o 7t
Frhpw F 2 SBAS i o - WP o

P A MSAS i 3uf - B L A SBAS 0 3t 2007 & B 4538 i o & 723
F oA REE IR U DiFEE 0 %5 MTSAT-1R ~ MTSAT-2 ; i&3 $f ik + &
F % :i?r& » ¥R %% 5 Himawari-6 ~ Himawari-7 - MTSAT-1R & *t 2016 #
i# b 3# T o MTSAT-2 B| >t 2015 & 12 Himawari-8 B~ » :&@ ¥ 3 2020 & » %
d QzSS w & QZS3 R 4 4 = SBAS v 3 5L
(https://gssc.esa.int/navipedia/index.php/MSAS Space Segment) ° QZS-3 H&_
GEO ¥ % (https://www.gpsworld.com/innovation-qzs-3-and-qzs-4-join-the-
quasi-zenith-satellite-system/) = F]¢t » QZSS 7~ E & MSAS 2_# 5¢ © 4c@] 2-5

TR 0 QZSS ¥t A LkrmE o A3 R p AARD o
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' More than
4 Satellites

6.0

latitude([deg]

5.0

4.0l

3.0
20 The case of
4 QZS + 3 GEO

° Constellation

longitude[de]

W 2-5QZSSwETRAE [6]

e & GAGAN % GPS 2 55 4 5%t % 3 =3 = 3§ GEO fir% (GSAT-S,
GSAT-10, GSAT-15) » i& it ¢ (iFH ¢ & %f e ) % 12 SBAS 5L » JRIME F
FRAcB 2-6 “77 o GAGAN U ELf: B £ W% A ¥ dag e (ICAO,
International Civil Aviation Organization) &% fri ;izsjﬂﬁ % (SARPs, Standards
and Recommended Practices) 4> o 1 & B ehidk b0 & § 4038 % (FIR,
Flight Information Region)#3 % 407 % 3 3 o GAGAN {8 T A& % = =
2013 & 6% > gFFE2 g i Ll wE4F GPS chgiiii b > pom e R
43 4¢ L5(https://gssc.esa.int/navipedia/index.php/GAGAN)

I BB 8BRS o BUELEYE

fyBabubsacoBesL8s

85 se 426 o S0 ) ) Z0 2 10 €0 S0 160 120 120 169

B 2-6 GAGAN JR %% & & (https://gagan.aai.aero/gagan/)

® B4 eH B BeiDou & 5 ¢ ¢ 5 T3 GEO firh » & 38 (7 et
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Sz gEd 4 337 gt BDSBAS 045 ik 4 £ IRFE - BeiDou % 4 3%
g Te 7w 3 i pRi+(Yang, etal., 2022) © & s T #FE 27 PRix(Radio
Determination Satellite Service, RDSS) ~ & # ¥ 2} %_i> (Standard Point
Positioning, SPP) ~ 3 3 % ¥t BDSBAS » 14 2 #F % ¥ 2L % i~ (Precise Point
Positioning, PPP) > # ¢ PPP &_i¢ * ™ GEO f#Fk % # ¢ B2b 350> f 5
PPP-B2b - Yang et al. (2022)4* % BDSBAS » 11 % PPP-B2b cimicii § 4p 4 #7
ez P Liu et al. (2022)R) {f‘% PPP-B2b ¥ B = M ¥ 3xit #4531 © B
2-7 242 =5 GEO & IGSO frk ¥ Lk #icp A% > £ 3887 ik

B BhRE o L AL A kR Ep o

a NSAT (95%) b NSAT (95%)
90 : : : : 90 : : :
75k _. .................. 5 75 : 5
60 p- 5 60 -
45 b PR T I 45
~ 30 4 fF 4
< 15F o 151
S o0 3 3 OoR 3
T 15 T -15
—30 —-30 o -\ ——
: : » : {2
-45}- e s ¥ S =45 feoindies o R f
_60 .......... H _60 .............
_75 ......... _75 . ................................ 1
-90 ; i -90

30 60 90 120 150 180 30 60 90 120 150 180
Longitude (°) Longitude (°)

B 2-7 4 =% GEO £ IGSO #FETRLE
(= : GEO /L ;5 + : GEO £ IGSO ; Yang, et al., 2022)

BDSBAS ¢ PPP-B2b > #2jR32i¢ * @k @ik T T2 fEER
Fod4pE 2 o B2k BDSBAS ¥ ¢ M1 7w * HE > 95% i 7
FET R 2 RTINS L 13Im B 425 2.16ms =8 _Fl 5 2 i ff2 8 @ * 2450
PPP-B2b p w1 :EE I A FE T R 5 KT 0.15m~ 3 42 0.2m > # & %4
AkT03m-F 420.6m P F R i 20 4 46T ac P (Yang, etal., 2022)-
PPP-B2b & * 4p =35 » #7003 F A T e £fRang o jr\lb SBAS #_& m
% » PPP-B2b 7 3t SBAS » v & % @4t | SBAS PR T 4B Ffeniiin
T o B m EE A 4o B 2-3 “Lr&ﬁ?&ﬁm

B o F fF SouthPAN £ ¥ - s E ¢ enl & A5 ki JRix > ¥
¢ 3t 2017-2019 & B = = | T 5 (Testbed) F# £ (Marshall, et al., 2019;
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Mitchell, 2019) o &.i& BFFE? > & * % _Inmarsat cH{E % » ELERA % # P
P EEEAR KRGS 2 LAREE By Gk FAcR] 2-8 d ZRHIT U
T RN S ed Btk AIAFl 2 E R o
SouthPAN £z i=JR7HA % = 78 © @ % L1 SBAS (SBAS Legacy L1) -
SBAS g4 % % % (Dual Frequency Multi-Constellation, DFMC) ~ PPP 7 = %
¥7 BDSBAS %t & > PPP £7 BeiDou 7 PPP-B2b /448 1T - SBAS Legacy L1
JE LA E Wi LILE » DEMCSBAS 7 8 #4757 % B E 4 » fiplzk
T LFF B GPS LI/L2 22 Galileo E1/ESa 355 » P 5 =X & & T i o
PPP fR3%chp &R 5 10 cm °

Combined I-4 coverage D rapt []rar2 1-4F3 1-4F4

B 2-8 Inmarsat GEO /2 ELERA E #M.{&% &

(https://www.inmarsat.com/content/dam/inmarsat/corporate/core-
assets/coverage-maps/document/I1-4%20coverage%20May%202020.pdf)

% SouthPAN iplz& @ - 44473 ¥ ¢ GNSS £ 4c B8 - i 7 2
(Consumer grade) #4] = = % & & 100 £ ~ 2 p > Bl3Ee 7 Antenova
M20050~Quectel L76-L~SkyTraq V838~u-blox M8N; # 3| (Mid-range grade)
T B>t 100-3000 £ ~ 2 [ > RlEE = 2 EoS Arrow Gold ~ Juniper Systems
Geode ~ GMV magicUT » % = % 5 % ¥ 3| (Professional) > % & & 3000 % ~ 1
;

+ o Marshall et al. (2019)% 72 % 4]+ 4z % = SBAS Legacy L1 PRF* T_iz 17
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FET R " FERAEFdcd 2-7 2 £ 2-8 18 * 2. % A5 Topcon G3-Al >

% 2-7 # # A SouthPAN SBAS Legacy L1 # f& ] 3% gt £ RMS(m)

e Antenova | Quectel SkyTraq u-blox
kT 2.62 2.13 0.80 1.12
ESEN 3.64 4.11 1.33 1.74

% 2-8 #%& A&7 SouthPAN SBAS Legacy L1 # f& B3 5 £ RMS(m)

# 3] Arrow Gold | Geode magicUT
K E 0.44 0.47 0.49
E 0.49 0.74 0.73

Marshalletal. (2019)¢ & 7 417 o % RAFLORE » m& 53 RF
oo BRI SHE > RESRREAS AR -

DFMC £ SBAS Legacy L1 e+t %512 2 PPP # it ip|3#> % & * magicUT
¥7 Topcon G3-Al = it {7 » DFMC £2 SBAS Legacy L1 # i ip|3& = % 4r &
2-9 o PPP =& & 4 £ 2-10 -

% 2-9 DFMC £ SBAS Legacy L1 # & B3 5 £ (m)

R E % A%
B 2 i RMS i 2 i RMS
SBASL1 |0.50 0.50 0.70 -0.66 0.51 0.83
DFMC 0.07 0.38 0.38 -0.31 0.77 0.83

# 2-10 PPP # & |3 8. R (m)

[ kT % 42
e | RERBL RMS =i &2 i RMS
GEO 0.015 0.038 0.041 0.022 0.071 0.074
SISNeT 0.020 0.042 0.047 -0.003 0.085 0.086
RTCM 0.016 0.033 0.037 -0.051 0.051 0.072
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PH”WH$6’“*ﬁﬂ{_ﬁﬂﬁb@*‘\’Gﬂ)mﬁ%nﬂf %

B i% > SISNet 5 #-fFh @i e85 > o v & 5 d 7 5% (Internet) & 3% > F)
GEO £ SISNet *74% & =11 5.4 4p I ¢1- SISNet £ EGNOS 5 # % %4 GEO
(G S A T | T T S S S = LI S S 2
(https://gssc.esa.int/navipedia/index.php/SISNET) o RTCM B d 7 B @iz » »ridi¥
20T MR FE T ILE HEAFn AR EF-AH T A jtaxFRF > oo
GEO = ;V#1 % v];cmE%Fé‘* % 72 & 45 SISNet 2 83 #45°RTCM ¥ F & 29 &
5o P RIEEE AR R X TR T EAARIEEF T R ER L P
7> Marshalletal. (2019)7 5 WP » fm& 355 R4F L - 5@ 3 » Pk PPP
¢ &¥ e 2 RMS KT 0.04m ~ 3 42 0.08m & Pl % 2 TR ©
WRBE RS

THise kL AR T F i 53#% 2 GNSS »icip eni® s » Fpt & 535 B
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FAPAE s BF 2R ke S FEE BT R FEPUE R T
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R FREREPIE S 245 FE ﬁéﬁﬁiﬁsb 2 1Hz 2 sgp iz
TR 3mm 8 Fo A Bl By AT ® 2 Bt E S r%ﬁ"fi%
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ERVTLI G c AsdleRgiiEFi ez pd T L(RHLT
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R RRF LAY ERLZART VMR LR B BT
PHTELIVEALRHEF ALFE IR pd BT L L REFWTZ -
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PR LR AR R SR o - E PEECADG SRR R dicde iy H R
EhiFk#ce

M2 BERIFEE R 0 B By PR R e R -

3 RBIFEEZ1.6 0 dpi Tt PRI o B kD SRR R 2
= P EEROR T P T BB 60% ©
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BIFFRE 7 Mt & P g ek PRECELPIPE R e o

3 R EER LR S

OB R R e iR E (Network RTK » 280 Y ff fE 5 i TP #e
éﬂg,uwgﬁnmﬂgégiaM§ﬁ%ﬁwﬁ’MﬁKimﬂ§@ﬁ
BEELS G- 5B~ % 253 B33, NRTK 3 20 & 24 B £ 5 i
I R

P R+ B NRTK e 4R & se2 241 % CGCS2000 @ 384 3 % ¥ &7 %
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P

58



% 4-10NRTK SF ¥ RIE XA B R

h Rl A o 1 rdk g R 15 e -k AiiELR Bk PDOP &
2 43 =6 <4

¥ o 5 =42 <6
P H <5 =6

AT R D R P S IR (T e-GNSS ¢ R iR R R enir £ Y 157 GPS
#E 30 53 ~PDOP -] 10 2 %> & ¥ 2 2 24%iT » & NRTK &
PDOP & & ffix e-GNSS 1% % Bfe— & o

NRTK ¢ * 2 % jck & ¢ 358k~ T 8fc X RTF ~ Hcdpsax & -~ &k
BHEBE - BICRZ A AR RS SRR TR LA 411 28
BE o

% 4-11 NRTK #4iBHE 2 £

B I 5 ALk A (mm) B A2 AL A (mm)
PRI 10+2x10"°xd 20+2x10"°xd
A rdisAMER > H 2% km

APt e-GNSS “H EPIE R T vk T 4 F [0mm+ 1 ppm -~ & #£4 & 20
mm + 1 ppm & & R4 » NRTK $3 3212 &4 & & £(10 mm + 2 ppm ~ 20
mm + 2 ppm)# 3> e-GNSS » i 5 Jﬂz AH[H % o

NRTK * & #2410 & HiF® £deo™ £ 477 -NRTK 2 Rl B R H A &
FAUPT R 2 B A T ARE F B2 TP AREEHAR & T % JE % R 2
Blw Bl A% G o

% 4-12 NRTK F®miz4lp & HarE £

E3CN AP AR BEFF FE AR BLix ¢ i HEAYY L TR e

- % =500 m 5cm =1/20,000 =4

- B =300 m 5cm <1/10,000 =3

S =200 m 5cm =1/6,000 =2

R =100 m B+ 0.1 mm -- =2

Fe 2R - B+ 0.5 mm - =1
PL R R AR ASEERBERY el & ¢ BlE 1 2/3 -
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(dNRTK BLP| Ptk * = & % %00 ~ 2T > & Bl w BB & B3 4 3 20

B BRI 28

(P~ nT g CHETDEIFLELRESE o
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RIEIFEEP > e-GNSS R T FI% & ®A)T 1355 %\%/E& TR
&Eﬁi‘--s“?‘f‘iaiéf*? f‘ﬁliﬁ'ﬁﬁﬁ R RIFEHEZ B & S TR E P T BEIRE
A e BB 15% 0 F R T kARG BB ] 2 10 55 0 P 2 BrHR
Bl o i TIEMMRRIPF > B IEBE T ARIT VAR Z BRI AT 2 BRI L o T e PEYE
T2 & R HiPloe-GNSS &= Blie ¥ B & fdrd 4-14 #7577 - Bf8 @A 7 > e-GNSS
2 NRTK ##pl& R3¢ chZ B ¥ 7 % o
% 4-13 NRTK - d % 4| 645 B & K
K &R LA
Fo | PIEEP AL | BERLD | RIE?FL | ERRLIVL | LRV EL
(mm) 1L ) @) (cm)
- & 15 < 1/14,000 <14 5
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Fl42 20 <1/3,000 20 <60 _
% 4-14 e-GNSS MR K B R
B i Y BE AR $HF R 5T 4
2L §E 1P R &R RA
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=100 m < 1/5000 =30"
413 g
B Ed R ohr BB B AR (IR gV ) de s B B 2R
FORpZ- BT 0 NS YRRk R o AL R E 2 2 25 ICSM (2020)
SEF R B RE A2 BE R R EWURE R € T B
ZR < ¢ 5 Queensland government (2021)7] & % 2 fF ' (Queensland)2. ' ¥z fi
2 2 o W2 [CSM (2020)24 2 40 -
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=

HEER 28> £33 7% % - xré 7 @ % (Introduction) » 4cift & < % 2

TR > E AP AR F 5 < 2 (Normative References) = % = & R 4c
FREerR Y AR 2 AAR S RZF 5 GNSS pELP > &

fj&% it ip] £ (Static Surveys)£? F Eﬁ(r’f’ﬂf)/? |  (Real-time Surveys)» .4 GNSS
' BB N 2 a2 o R R 5 GNSS B2 A fEE b adr o O
fjﬁr'g ABIRA 1L B HAit o BT F G ﬁf“ai—'%?f’B? GNSS RIE 2 = & jgd L 4f
$TF o § 2§ 5 chE AUSPOS & 550 37 % S5 & 5% 5 4% i GPS &
R B Bcdy L 2 JRTE ©

S
W

s % PR 2 e

AR AR E AR FER P %A S AT &R E (Datum
Definition) ~ £ % 4= 42| & (Datum Control Survey) £ — #x3-41]p| & (General
Purpose Control and other surveys) o #- % & GNSS | & Hjfr > * LR FF T 5
Bh> &% L2 FEE R 55 BlT4oB 4-1- 22 21U GNSS T ¥ 5 &
W e ilBl A I RATE  EIIAE ST RE AT 2P
51 % g€ % 72 & | (SU, Survey Uncertainty) {F 5 4 %& o & % 4

® KI<I5mm: ¥ %<20mm :;

® LTB0mm > Hi®F<50mm ;

® KT<40mm > Hi®F<60mm -

d B 4-1 #7702 GNSS IR Ll > 2 & SApf Lz 58 i i
2 % > (Single Point Position) ™ *t = % % GNSS (Differential GNSS) & 45 14 &
BEEEIsit¥Ez 3N Hame RS o 2B %> » X4 GNSS 2
Tz g R A A > LR g AR P o B 4+ 5k RTK(Single
Reference Station RTK) 5 @ 52, RTK T % =3 ;% » 3p %t «h ¥ %2, RTK
(Network RTK, NRTK) » H & & £ 4p 42 % 0 Quick Static ¥ & P-ig # i
(Rapid Static) > Classic Static % ¥ Le# GR|E o ~ # A Bz P 7 & i
18 7 %3 = | (Continuously Operating Reference Stations, CORS) - i & 4
B ®BAGZ B @A Bt A gk A £d ICSM (2014)14 -
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General
Positioning
and Navigation
(out of scope)
5.000 —
High Reliability
Positioning and
Navigation

{out of scope)

Differential
GNSS

0.500 —

General Purpose
Control and other
surveys

Single Reference
Station RTK

00509 | Network RTK

Survey uncertainty (metres)

Datum Control

Quick Static—‘
Surveys

Tier 3 CORS

Tier 1 and 2
CORS

| | | | | |
1 second 1 minute 1 hour 1 day 1 week Continuous

Classic Static

0.005 —

Datum
Definition

| I

B 4-1 GNSS R & H#r(ICSM, 2020; Figure 2)

& ICSM (2021)¢ > PPP Al = i fed 5 ¢ e Phig o Hfgif~ F 5

" However, those additional techniques including Precise Point Positioning
(PPP), code-based Differential GNSS and Single Point Positioning are not
suitable for Datum Control Surveys and are beyond the scope of this Guideline.
(ef > e pE gz (PPP) R4 4 A frd b > o p 7Rk s e
B g AR IR X AN Ay g o)

2~ iﬁ%,}igiq—%’ < %

ICSM (2021)P* 7[4p M 2. R de > & 7 RI"F L2 Rde
JCGM 100:2008, Evaluation of Measurement Data — Guide to the Expression
of Uncertainty in Measurement, Joint Committee for Guides in
Metrology — Bureau International des Poids et Mesures, Paris, France.
d R EREY AT AL BRiMETIER > A2 B TRERE
#=/ | (BIPM, Bureau international des poids et mesures) ™ & c& Bl P 2

Lf g S HRRIE UL TR L R -
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v R B 2R g 2 & 2 (Standard) ¢

ICSM (2020), Standard for the Australian Survey Control Network — Special
Publication 1, Version 2.2, Intergovernmental Committee on Surveying
and Mapping, Canberra, Australia.

ERE S E S

ICSM (2020), Guideline for the Adjustment and Evaluation of Survey
Control, Version 2.2, Intergovernmental Committee on Surveying and
Mapping, Canberra, Australia.

ICSM (2020), Guideline for Control Surveys by Differential Levelling,
Version 2.2, Intergovernmental Committee on Surveying and Mapping,
Canberra, Australia.

ICSM (2020), Guideline for the Installation and Documentation of Survey
Control Marks, Version 2.2, Intergovernmental Committee on Surveying
and Mapping, Canberra, Australia.

ICSM (2020), Guideline for Continuously Operating Reference Stations,
Version 2.2, Intergovernmental Committee on Surveying and Mapping,
Canberra, Australia.

#3 & s+ p (Technical Manuals) -

ICSM (2020), Geocentric Datum of Australia 2020 Technical Manual,
Intergovernmental Committee on Surveying and Mapping, Canberra,
Australia.

ICSM (2007), Australian Tides Manual — Special Publication 9,
Intergovernmental Committee on Surveying and Mapping, Wollongong,
Australia.

Bz e #

Dawson, J. and Woods, A. (2010), ITRF to GDA94 coordinate
transformations, Journal of Applied Geodesy, 4:4, pp. 189—199.

Brown, N. J., Featherstone, W. E., Hu, G. and Johnston, G. (2011),

AUSGeo01d09: A more direct and more accurate model for converting
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ellipsoidal heights to AHD heights, Journal of Spatial Science, 56:1, pp.
27-37.

Brown, N., J. McCubbine, W. Featherstone, N. Gowans, A. Woods, and 1.
Baran (2018), AUSGe01d2020 combined gravimetric—geometric model:

location-specific uncertainties and baseline-length-dependent error
decorrelation, Journal of Geodesy, 92(12), 1457-1465.
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3 REBE PN CBRPIFFLRE - PRPFRITBGY 25485 5%
45

P TRIE A RER L% A TR I<ISmm AP F<20mm | £

M KkT<30mm- ¥ @ %<50mm | FinT Ey i@ %
AT KkT<40mm - & @B <60mm | 5 & > B 3% 7] TR AT 2 (FE S
7o £ B8 > ICSM (2021)*R.4= NRTK # i * [k F<ISmm > % # F <20
mm; 2 M KIT<30mm:> ¥ E<50mm ; %2 pEITE-
%_ﬁ et dBEsEErnH B EEE F T

® g b B =K =Rl (Independent occupations) > 4

L ORIEE 30 24T EATHEE XM -

® i ri 3 REY EARKE S ZF A (Elevation mask set to record
down to zero degrees elevation) ° iz — BEE P AR g 0 1L E N gt
(1994) » A 4p % # Pt L o a3 > 73 7 PP R > -
BELP s S8 2d A MERDFEAT S X FA LG B
LRI WL “f@"’t’ A 4 ok o o BRERA
Algz Trprd f 2 =P e > {3 { P fiE o
TAREHEM T AEL 5 R P (Antenna orientated to within 5 degrees
T A Ap ¢ o & 1t (Antenna phase

RS Y

4 - N
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/,

Bl 2
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~xzh
\4»
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<

—\

of true North) - =78 % & 7
center variation)?73k % o i+ ¥ - 78§ £ GNSS p| & F 7%+t » jbrbr
WX L2 EE o
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e d s A oidp iR > 3 Tk I<ISmmo B F <20
mm % & & £ % IGS &8 NGS 9% ®H3) o4e % £ K T <30 mm>

BeF<SOmm, Ea o vour G Hk e < RE e

MRS W REPFES T e 0 BB %S B L IRT AR FR
T L L% enpl B8 AR 13 3w CORS (Datum
connection to at least two survey control marks being either marks in the

existing Datum Control Survey Adjustment or Regulation 13 Certified

CORS) -
% 415 RE BN BRABBERE BEARATRERZEHETR
HERX
SU KE<ISmm> AP g <20 | -kT<30mm A # B <50 mm
mm
T M 0 s A T
Poid 4 5 ( SUE> 10 km
)
GNSS #Jz % AR VBRI AR AR | B VOUBRIT AR S AR
[l
GNSS = & i B * & (Choke ring | R B X 8 > 112 § &0 =
antenna) ~ & & & F A | ¥riE ~ = & K~ EE
(Ground plane) 75‘ ES
VAR REFZAESZ &
B R E B
BELRIFER L R 6324 ) FoMAMER | BAAEL LI 6] 4R
AL AREREDH T RPED S
1,J\p§l§,_§if§1’4‘; lkm’fﬂ‘g'%c
5448
P ERRELER
FzE ko Y RRIFA
ﬁt‘ ARE R D T M fE
BRRAATES
B BRI 30 5 B % - 15-30 %)

X‘ (,C"’ >

+# Ay
P 1515 )

LA Tk T<40mm > & P B <60mm | F &2 GNSS T_i=HjF
¢ 7 H %4 3 RTK > ¥ %35 RTK (NRTK) ° i 38 Hjiw » J‘FL% it e
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® TR T URBITABEE -
TR HETHEREAIDPRY PIEE IR BB TR
2B EEE o N H 7 2 (Bipod B %riE) o H 44 5k RTK 2 4
i&»(rﬂi‘:é«)%?f“ B =R s 2 R AR S KRR E o ok B
5B %% sk 23 £_NRTK B » RTK iR £ e 38— 51 % 87 3 e
Frb2 WP A FEE R o TR G A EprAp T
A% Boh FTELEE S R A A R-E L GNSS BRI Lo

=
EBE BB RRIES T 0 FIRL - 30 448 -

L
Bk L RRIERER D ABF LR P S R TR A
BoRfR o RN 1 Ak BT
® Sd oMb RIE AT E RS 1 ) R4 GNSS #icdy
S RIES N P RIE % o
@ SYufrfdibaniriEY 15 R -
414 =d@

LT LT ARLPIEM DI LINZ (20 2+ Tk > Land
Information New Zealand) » P #i %5 {7 ¥ 2. GNSS #7241 & R4 5
LINZ, 2012. Guidelines for Simplified Geodetic Control Survey, V2.1,
National Geodetic Office, LINZ.
e BF o U FC e 30 d NZIS (& & i F PR 4% & > New Zealand
Information Service)# i+ 7 — » NRTK g szl ¢
NZIS, 2017. NetworkRTK — New Zealand, A summary of the concepts,
methods, limitations and services in New Zealand, Version 17.01,
Positioning and Measurement, New Zealand Information Service.
LINZ (2012) P &t » LA i L30B8 TR o A2 A - F 0 F -
TokA AR p peb A IES A B R R
ip = £ L0 (Standard, guideline, rule) % ¢ * < ©# « & = § % | £ #&(Survey
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FEFREBRERM ~Z 2 b2 p ks TRBR
2.7 13 K& (Reliability) 3 #r4s it > BRI E B % %%‘
d JERL S AR B R ?ﬁi“ Homma AP EE R 7 AR
A E o "T ARG R Z L 0.05m e
P
i * GNSS H i (All survey observations must be made using GNSS
(including GPS) techniques) o % iT% > ;4¢ » £8.5 75 - BL{»30F 5 & =X
Bz B FXEPIBITENMEERE-E ARG o F I RPIFETF LT
R ERLI 204048 P DA BAPEXRAZTLEIEIHRK
#7 43 (regularly calibrating and checking field equipment) » e §_jc 2 T3 4%

N

FrE 5 RE 2 SuveyMark) R 2 ZFE 2 0 KT A RIE

&+ | (A “Site Calibration” should never be done as part of a geodetic control
survey) °

BRI N A LINZ(2012)% 29 » & 78 t2 RTK» 3t * 2. i B2
PR AFLY MEMEEFE SN L BRIFEAP TR L F
AL pF o REBELBIREFR A 10 & 48 (For rapid static surveys, ten minutes is
considered to be the minimum observation time required to active the accuracy
standards) e RTK ¢33 8 &< 2 ¢ %I > (e § 8§42 BALAFETR B
¥ AR 5o @I & o LINZ (2012)° X5 5%7]’7/53}%. ~fEhE B F
FzRe o TEARFLE RZHFR ) FE R BELINZ(2012)5,% 5
Pra TdaRpEs 2 i 253 9RERF REARARLE G B F
A BERRE A ZTER Y BRI FP > LINZ (2012) fip| £ > 2384
AR PR KA R P o

o

5T FLBERSS b’“rﬁ% ¥ % 2 <% ¥ (Survey deliverables) » T 7 = 7 >
¥4 8L 7 L 4k (Mark data file) ~ » £ 4% (Vector file) ~ 7] ;Ezi 3¥ 2 (Survey report) °
¥~ ® 5 8 * ¢ 2 ¥ i% 38 (Optional deliverables) 7 M FEREE R
PR AR D=2 4p s~ BB 0 LINZ (2012)&9#& BP R o
¥ = :?. EI2 AR -
& W (New Zealand) ¥_> 3k % — B4 * [ pF % L % | (Time-variant datum)
R T AN FERF ST E > 23 00 T X G E | (Semi-

68



dynamic datum) o 7= F] & 4ot > $30 % % GNSSBIEh4 £ 0 5 F LA RS
iR

BV AR e @ B GNSS #4lpl R Rfe2 % > FhwimiFd § S R EFH
Be* U5 K Bgr Al ) B G o AT SR E - Badle s B ER
LR MR - BB e X T S %@ ﬂiﬁ#: Foikfo

-

BERFAR G 20 Talp, 2 MG A aIrHISRLGRATE -
gt TE g s JRIE  HFZ PR T T2k 2 TR
fpF e T3 Rach T AR | Bhfcl Do g 0 7 0 TWD6OT chR 8L 5
— B F L LR ATE VG ARG S d R E LY e
Bhimold FIAELPARE > TR BNFH R E 2T RREIPT S
ICORS 2 o Fl 5 » mprg Al d o o ppdlghan e 3 0 8 = Bk
B R R R RN E T REFFOTERZ AR R it
%ﬁ%ﬁﬁﬂoé—ﬁﬂﬁ»giiﬂéﬁﬁﬁ%\ﬁwﬁ@ﬁﬁﬁsﬁﬁ
FPRIE o S PF > BRI F BFREBID- Bs 2B 2w o dR B
ﬂ@,%ua@gzoigmm Sedrdle o2y agiogr TEEN
(Campaign mode) {¥ % o 7 > & % ] > m SRl FFT x - PR ZRIE
e LR %§&44ﬁnd§£§”?ﬁﬁ@%ﬁ’%4i”&@’

TEARFEEHERFF o ik T 5K sdpdl B/ ) FHE2F %

AR
A By edTo v 0 T LA L R i S e anBhin 5% 0 2 g
e A A ws%zfo
DY Boa e BROFLIOR/RTAZREFHAE AT G ZTERY Oy
ROREEREFTZFE S €3 B B BT j\ g BERE e R L

dofe et QX F L F T U F R & 9
LINZ P v e @k 975 — ~ 2 B4 ghz Bl & - F %2 PositionNZ CORS

e L IFFEP - F P jEE > WRRE & FTHHE o PositionNZ CORS 38 174k
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FERTZAE R AT N KRR G2 SRS AR TR - ~ 2 T

2Lz &R R 45 PositionNZ CORS #7 & 12 #53% » 5 d NGA (R = ¥

i » National Geodetic Adjustment)#2 & { #7 > NGA 2_ 3 74f & 5 #ic# > Rk
£ 7 44 2(Scott King, LINZ, f# % W4 » 2022-06-01, 06-02) o

415 ¥R

3 pIFFRIEFFF € (RICS, Royal Institution of Chartered Surveyors) » =
01868 & > A NERAAY CRFERAP BRI RIEFRIEFE
e R b B LML 402022 A R B EF2 GNSS £
$2% T 3 RICS *7% {7(RICS,2010) ¥ § TSA(2008,2012,2015)= > % i
B~ 34 Network RTK &7 7+ 5 241> P 3R 2 £ 4§ &> & £5

-

éb#&% o TSA i ri?‘]:‘%_.féf.ﬁ‘%‘i | (The Survey Association)éﬂﬁﬁﬁ&, > gL — E'_]'a“‘« ES
dRlE 2P S o RICS S #RAR g 482 "RIZHEF g 0 TSA &
@#B@‘“f;«?’ "TRIEFEREDE oA nﬁ@%ﬁ#ﬁf SRR ot N

TSA z_ip| & B % % (Survey Liaison Group, SLG)¥? RICS & 32 7 [ fi
(Geospatial department of RICS)(Murphy, Susan, 2022; B A B #) o

RICS 2010) A& = & & & < 384 » % — 384 5 dp 2 (Guideline) » % = 384
% Hoi#im & (Technical commentary)  f 4 < 2 ¢b » Wpak? ¥4 7 B2 it o

ip® @ 7 =% > GNSS e & 4 (Therole of GNSS in surveying) ~ GNSS 7|
¥ < ¢ (GNSS survey documentation) ~ GNSS B| £ 42 % (GNSS survey
operation) o ¥ iFkm & ¢ 2. L F 5 2 K 5 GNSS B £ > /2 (GNSS survey
methods) ~ ¥ % % & (Operational considerations) ~ < & %% 4= % (Co-ordinates
reference frame) ~ & ¢ ¥ 7 (Quality issues) °

RICS (2010)#7:& ¥ 2. N % 52 172 GNSS 2 7R B 23F 5 11> & 3 #24)
RIEE IRl E - NE 22 B ehm 5 0 A BApF 3 04 8- R
Jfﬂ-g PRA o % 2B 4n2 4 0 4/ % (Preface)? [ P B 1 T3 Z & 2R
#* 45 = (Members are not required to follow the advice and recommendations
contained in the guidance note) e @ 2= = Pt = 22 p H1 A3 HF ET A ERE

(Bestpractice) 4+ o ¥t> H £ 2 R E B 7 2 H R & F = L4 9 E R4 ‘?< ’
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Yo P R EEEPRIEL TR koo R R B L BRI R BT 8
%J(negligence)#ﬁi"f’% ArR RIERFEAL B R A B R E L T
ERICERIL N S P N X

GNSS Rl 2 Z R 1 iF9 ch- 78 FI AP R Bdne vy 5 20 5
TP R se 2 RISC #74 T2 & 8fdpm - IR veh THREHE -
TABRE - QT d e FATTEREIp e R LT ALF

& RICS (2010):7 82 F % B¢ + 3 FL 4 %G chp s« *opl £ % &
w 0 A % #F fi(Static) ~ # £t (Dynamic) ~ T ¥ 5 i (Real-time dynamic) » & #§
BT X fﬁ%f%%i%}%)’};?‘z/} SHE ARE G 0 A ;}‘ik“/Tf AR R H
ST th o RICS (2010)8 7 — 2 554 chik A P4 » 4o [ B L] 6 35 i
5 ~GDOP fgd =~ 5 3~ THAEFEMNLZ - & ddok FE et 2L
PE o 4 3 v = Bt B BELPIER o

b P> 4-4f 2 38 173 > RICS (2010)3% &7 £ H ;¢ m#gr% o2 Ed LA
=) B4 ¢ 5 4r#lpl R 45 » (Control survey guidelines) » & 3 - 5 » # 7%
dhe BELE AL FOIP 2 Y R s P & 2 & o iR

ST
e~

x\“\
=

N

_‘&

Nk ¥R T EF AT L

L #5d
T R E IR Y NRRd] o B R Y 10 4 Bipdl
All surveys use source control; it is best practice to use at least 4 control
stations.
W
TV e % 8 (77 GNSS #(COGR) » 3 F 4 B 7R 8 45 2
B GNSS FRi+ (IGS) # & o ¥ - B3 5 p (72 2 XA d] > o
* COGR 2 H p 5 AxbEF 2 iz o ‘\"—‘ﬁ IR VR W 1
(PPP) Hjir o
This may be from Continually Operating GNSS stations (COGRs), typically
provided by the national mapping agency or the International GNSS Service
(IGS). Another option is for the surveyor to establish their own source

control, positioning relative to COGRs or their own base stations.
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Alternatively, the Precise Point Positioning (PPP) technique could be used.
$E 142,72

T

Frfld GNSSL ALk g3k Tl B P R E R -

Control to transform from the GNSS coordinate system to map projection or
survey grid.

WA

GNSSPIE 5 **GNSS& % i ¥ B {TRLPIEE » REEH S §# + B
PR S R kP o St 3R i JEGNSSE Rk T3 BlIK
BAAR e g Sl & GGNSSIRIZARA P ¢ 555 @ ok B
LA R B T BB B o

GNSS surveys are firstly observed and computed in the GNSS co-ordinate

he

system and then transformed onto a local map projection or grid system. To
do this we need to know the transformation parameters from GNSS co-
ordinate system to map projection system, or include existing survey control
stations with known map projection co-ordinates and heights in the GNSS
survey programme.

%% 163

f5

% 4R E R R

Use stable survey markers.

W

GNSSi| £ ¥ 11 2dp § £ FuESE 7 5 FHARE - T i ¥ R F D
BB AR o E R ] BER 2 AR ﬁi‘l BRICS= i T1:500% { + b )2
B2 fent TERFPIE | DHEAY §FE P > X T Y
LJ,_,/T s é&#—e i+ ;}551 o

When measuring with GNSS it is possible to achieve highly accurate
measurements over considerable distances, hence stable monuments should

be used. The type of marker recommended for control points is detailed in
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Annexe A of the RICS document Surveys of Land, Buildings and Utility
Services at Scales of 1:500 and Larger, and can be found in other
specification documents.

£& 1721

i

A ERER G LT AR e

Choose control station locations where there is a good view of the sky.

W

IRES o a0 i A (builtup)® 0 i FEA T & % T
FRT A E £ 57 ﬂ%?od*é%&ﬂ&ﬁ%*ﬁﬁﬁiﬁﬁﬁ’
Fl e v e EH R F

It is imperative that survey control points are located where there is a good
view of the sky, with no obstructions above a recommended 15 degrees
elevation from the horizontal. However, in built-up areas this is sometimes
not possible and the reliability of results could be adversely affected. As
these control points will determine the overall accuracy of the project, the

best possible locations should be selected.

%+ :52,534,73.1

& 7L B P-ik AL GNSSARPBIE > F o

Use a static or rapid static GNSS baseline survey method.

W

AR ERR Y THEE ) & TEEHELE ) 3 2E8FE 22 RTKAR

,’(,1;4c ERLE TN RE - 2 F ¢ EJET% mq‘%)‘i) o I TEE S NF P
m&%a@w¢Wﬂ SRR FER PSP AP B

%pqamﬂﬂmgﬁﬁﬂ,iﬁ%&ﬁ%%z%ﬁ$$,ﬂﬂﬁﬁ

B BOPIE AR R g B o

The control survey should be undertaken using ‘static’ or ‘rapid static’
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methods (although network RTK may give the required accuracy under
ideal conditions). The amount of data required using these procedures
(observing-time) can be well defined, and hence the logistics of project
planning is relatively easy. Control is needed at all scales of survey; from
networks defining global reference frames, through state systems to local
control for a topographic survey.
5142
6. i :
Ripd R R Y R EBANRIFETE -
Use the precise or broadcast ephemeris according to accuracy required.
W
WY B HRZ 2107 Z2RRBYHREL o 28— SRIE IR 41
%Wﬁ%%&@%woﬁ%&@?uﬁ%%%%@ﬂmﬁa,;fﬁ
FIRIE R & BH R DLIE o e &R 2 B 2 AR 0 AR E T
W fo * M w kTG o
For high-precision projects it is recommended that the precise ephemeris is
used. This differs from the broadcast ephemeris which is used in standard
survey processing. Doing so will remove the errors associated with the
broadcast ephemeris, and result in higher-precision co-ordinates for the
control survey. Survey software should be checked to ensure it supports
import and use of the precise ephemeris.
%E 421
RICS 2010)2.p & 7 -4 52 & > 3% 2 4] GNSS Bl & > ;¢ » 3
4ol ELPIFFE L R & z%%ﬂﬁﬁéiﬁtfi BB GE DG dps o ORI 3t - -
T oo e Z AP g P FxE e RICS (2010)2F 2 £ 4B £ & * #F iy 2% Pk
GNSS AMPIE > 72 > TR * DA o

Efi”

416 £

% B¥ B3 4 #7(US. Geological Survey, USGS)H_% R §  » & k5
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PEFL OIS A EF DS - PR E T USGS 1§
Z_ "Methods of Practice and Guidelines for Using Survey-Grade Global
Navigation Satellite Systems (GNSS) to Establish Vertical Datum in the United
States™
USGS & § *+&@ * = & i B R £ 4] (Survey-grade) GNSS & * £
B A7 & Sv(Vertical datum) o d * £ R P = @ 5 % = B AR 1t (Height
modernization) (¥ ¥ - 3 2 R F M R R &8 L 4 RSN (Hybrid
geoid) » F|pt 2 o ik R O GNSS P& ¥ % Wiz = W RSB A2 512 F %47
FlRE e &1 2 o FFF o d 3 GNSS ik 2Bl cnT oA - KB
WRARM AR 0 Flet USGS 2 1R E R AR E A R 07 LR 0 HWRIE A %
L g RS EF EAR o
AR L T RPIE A GNSS sk B s B T f R
® Tik: 1 -t 4 (dual frequency) - = % % (GPS+GLONASS+Galileo)
EUE'JJE
@ M :IEFPEIAT S X Mg o kA £ (Phase center
offset, PCO)/4 2 % & p = ¢ « % i* & (Phase center variation, PCV) -
B Bo] it F SR T (Minimum multipath design)
® urik ! Hw g & = %rz (Fixed-height tripod)
USGS # z_snp| & & 2 & 5 # 15 (Static) 2 7 pF (Real-time) | £ ° # ji& /P
5 A AAITES > % - fAA ¢ * H p|xk(Single base)s  Z i+ ¢ * ‘,%’PR%Z»
(Online Positioning User Service, OPUS) - OPUS &_d % B K 7 + B & F
(National Geodetic Survey, NGS)#7 B % 4% i GNSS BLP| T LA+ 3 5 IR
P i 7R H-GNSS T RjT 0 s GERI TR ® 2 NGS 2k
TE g TEE AT B PRI SR o
e "FL‘{?J BEPIFIES 1-2-3-5-10~15-30#) > & BRI & & 3
BB 15 A48~ Bk A8 P PR AL o B R K P R A L AR
A5 2 €9 1] ARP (Antenna reference point)s= 4t % 7 3 o OPUS "f Fa
FIRE L RINEX #3589 > 2 2 B BRI RORTHEEDS -

OPUS 2 & %~ 5 #* iy @] £ OPUS-Static (OPUS-S) % - # jx Bl £ OPUS-
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Rapid Static (OPUS-RS)# #& - OPUS-S $4>t F & Tl eng L S mp|pr £ &
&R e 2 PE S R R R S % 2 B o OPUS-S ¢ - @ Tl & 3 i AR
e CORS i 43 =bipids > T3 M 3 b2 A 2 8L i 3 1%
%ﬁ~ TE A T 7L B el A % o 993 ¢ peak-to-peak 3% £ T2

3EAMATAES AL AR L F2 BB s ’T}“{;ﬁ’ R4 A3 EAM
A -‘i«‘IgK %417 PF - peak-to-peak A E 1 € %] o “,f 7 &= % 2 peak-to-
peak At FEFL L ERIET AT RPIE R P A~ FEER
ALEF TR A s KRS %393 RRMS)E -

OPUS-RS A& 44+ 1 i@ TR BRI & R & 15 A 488 2 /) Pz 97
FR Bt B 54 c OPUS-RS & £ /F % %5 3 % CORS #&2 + g 34
BlEbeFEYE B 250 S U~ FRIxE 2 (B i fd izt CORS #4732 § if
Atk il 2 8 5 A PEEAEAZIE 50 2 o B iE B KRS R H R G
Pk R

b HkRT OPUS-S PR ELABERMAS S » R Y F7 1L

FEFRAR S R P FATRERTATFEF R

® mzty kb % A E2 kB (peak-to-peak)FE-Z -] 3t 5 cm

® EP|E it F A 90%

® FHGFAATEF LR A L 50%

® E L3 43E ) 3cem

OPUS = % 3R 2 [p B § 48 Boip|ah 4R & % ende 4R & sty 4 pra) o iz 8
d 2B pFR * ch CORS = &R 97 2 & e 0 54 NADS83 (2011) 77 i & & 4E &
% % North American Datum of 1983 (# % + ¥+ L & 1983)> %3 pF%| 5 2011.0°

gk e OPUS 3 OPUS-Projects, OPUS-GNSS, OPUS-Net, OPUS
Leveling Online Computing Service (LOCUS) % - # ¢ OPUS-Projects ¥ 14 %

&1 BLRIF (e 7 CORS 2 -RIBEFR)EFFHMT Z - £y * dnt
1E P n R EERGHRE o RERRE Y 'ﬁi AEZiED NGS #H &g
AL ©
FLEREOS AT E >N L BRAFLEPEE R # (Network
PN

Surveying and Processing) o 327X F] & W pEds jL P € JRAF IR 0 i ViR
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A AR F sl o L R AERRE R R T L kR LEE
LT E BB MR S K eniEE o

EEVRL e o BIRETRI S 3B TG g 3~4 B
Fo % A2 gy d 8k o GNSS LR fichy AL in A2 he T
® F & X & +7(Aloop closure analysis)
L
L

-

1

pd A RT A (Unconstrained network adjustment of all baselines)
e b AmE £ 45 A A 47 (Analysis of all baselines and repeat
baselines in the unconstrained adjustment)
® M4z 2 Plés(Correction and elimination of baselines with poor
results or poor fit with other baselines)
® )% T A (Fully constrained adjustment on remaining baselines)
HARIE S S MR DR LR E 4o™ £ 9770 & P 0 Order & £ 4
F o T oo R ok (Standard) 8 4 ot 95% et o H B BciE > W5 2
R A

#% 4-16 NGSGNSS R EHKERE

Order Horizontal standard Ellipsoid standard

AA 0.3 cm + 1:100,000,000 NA
A 0.5 cm + 1:10,000,000 NA
B 0.8 cm + 1:1,000,000 NA
First I em + 1:100,000 NA
First Class | NA 0.5
First Class II NA 0.7
Second Class I 2.0 cm + 1:50,000 1
Second Class II 3.0 cm + 1:20,000 1.3
Third 50cm+1:10,000 NA
Third Class | NA

Third Class 11 NA 3
Fourth Class I NA 6

v

USGS R 2_en% = fAp| £ = % & pF(Reat-time)ip| £ - » 5 H Lz pF
¥ i /P| £ (Single-base rea-time kinematic, RTK)fr 4 g2 = pF #+ i | £ (Real-
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time network, RTN) % g

H A wmEd i pl g RTK 2 &5 F & fsbfoff dxb2 B cpedpy Moo
- @z gga PR A S BB (9 8 22 ) pE s ¥ g Pl o A g i
%§°ﬁ¥%é$?#=*ﬁﬂfﬁ@hUwH%@%§£{%&&Ei*%
HE AR LFengh iz (F£ 5 Autonomous base) £ A B35 R @ drdy ] gLy
2 4 ArEL o

RTK *5p|pFir & g ¥ Bk 5 10~15 B » Z e BFLplE > SHEMFLE » F
¥ PDOP fis [ 3+ 4o % 5 4ipl= 6 > %Rl T & ’5m0@ﬁﬂmmMﬁ
BRI Pi»’(» fapﬁ, Aok BRI G L et 2 P wip|3 A ds) &0 &
FAN 2B w B R (F R & RAEF B AT R A4 L BT
PEIFL AL S % TR ERE S TR L 15 (RT blunder check) ©

e pE iRl RTN (4 7 4 % Network RTK, NRTK) » ¥ 4 »cd +
W AL 8] B mmi#@’ﬂ&*?ﬁjé@ﬁ&@@ﬁﬁ&%Rﬂh&
5> RIN | &+ &7 N E Bl v & AR 73 B £+ % % (National
Spatial Reference System, NSRS)

RTN f%%‘;f% % JF (7 it RTK 3% Qr"vfﬁq‘_ IHPARR 4 %R
TR FLEITZTREFENT gy = (Local) & sk stodek 2 B & P
& 34 7 973) e > it (Localization)#2. 5 » # RTN iE'J;Ei N R TEE
2 33 R e BIERRRT 0 REE 4 BID3 A F ORI ERP T Rk
# gl (Benchmark) i® 5 d# 3 33 2 4R & biene v g3 Bh(Ao Bl 4-2 #77)
FAAE R oS o AR B BLHcP 7 X 4 B T OEERPIRP N2 B A
BLIE L 54 BL 7 R A R S ko

rAEFEF ey - Lﬁ#?lin\ﬂ mE R I VE @?J“K(Vlrglma
Department of Transportation, VDOT)>* 2021 & #1% # 7 GNSS ##4]p] £ 2
7 GNSS and Control, Survey Manual, Chapter 5 = fp#3t % — {» d B =R hEd/in
FH ARG B AR ERERE S SV )R * GNSS Fh

PIE E R ITE o
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. Real-Time Network (RTN) server
Auxillary
reference
station station

v
1
Auxillary
reference
station
EXPLANATION

Boundary of the reference network used to compute the rover position Auxillary
L " . reference
of raw ob: data from the reference stations to the station
network processing facility
Formation and ission of ion network
= — — — = Rover observations on benchmarks

B 4-2 18 F 4 18 & 4rKk B 22 47 Localization & RTN 3| &

VDOT R z_i# * e GNSS K & JB % X1 T g it @

® P& A4 fc K (Geodetic receiver) : ¥ e B L 4p 22 M 3 T A
(P-code)LB| & » ¥ ¥ L) T > 8 % GNSS fFk

@ M EHIamTAPE? wHMBEPCO)LE X RpIY o
iv  (PCV)

® Ui I ERR Y PR RO HE B LY B

® G v RERITOR N L RINEX V3 FE @ 4 150

VDOT #+*+ GNSS #541R £ - PR 24T

1o 4R et 9rg ol 2 %0 F 83 MRS F 24 % %(NSRS):
%4 North American Vertical Datum of 1988 (NAVDS88) % #% f & &2
NADS3 T & 2 &

2. TF ERIFE ST DR 3 S ARITRIE TR BRI

3. fdAe P FF B (Initial onservation sessions) /& £ - 4F © i 4 g8
iE T R

4, kT Frdlsf R b 2 B NSRS(2F NGS)i—- S (20 { 3 5 %)

79



10.

11.

12.

13.

14.

15.

1.

Bl

FBALHIRFL P RET 3 B F(F LRI RER 2 D02
Bk AR R BT 0 0 KA RUR R P B AR

* GNSS 1Rl £ > 3% p] T g ¥ (Station pairs) &7 ™ 3 4p i 4R
(Inter-visible) ? 4p §E & 600 &< 3 1450 & PR 2 fF o & — o gL 430
R e oy LIRS St o DRI L S g AL P o

BLRIFFE N cnfErh P B R4FD > S%E> F GDOP &7 7 <3 6

PDOP & 7 {8 % 3t 4

P R R TR FIREL SH O FRRREOTREEFEFIES
1S #) o P2 F P E DL A TS 'E SRR 2 BEE SR
P BFRRIE DR A FRIEL M3 B G

Pk B R M 15 BRenfEh 2 TR Y T ARGE

Mhk g RS20 R Apmp ot E D AR E 7 BT

RPN V) Rk sk St

T BERER T g A KECAR 5 2012A Geoid Model 2 2012B
Geoid Model

PR B B PR Y e WA R 5 &2 NADS3 - 3%« GRS80
EsX )

RAE R 20 22 R FRERIE S R o #0 A MGE
A 20~50 2 2 g o BUPIEFR a0 B 2 0 R 5 2.5hr+ 1 min/km
(M Fe PRSI K 2 ARG ) 5 Y A SRS B 50~100 2 2
Bhix s BLPIPFR cnE BRI 5 JF 5 3.5 hr+ 1 min/km

AHE R 20 2L T T R Pd R E S SR BLIRIPE
FFenE RS " 2 20 min+ 1 min/km (™ PR EE 2 A& 5

)

A BRI R R R AECH F I & d B # 7 (Licensed Surveyor)-k
jﬂ%

VDOT #}+:  * RTK T 5 i jB] & 2 2 doT
‘\‘ &
E

FEFEEFLPEAERBLRPIEAANFEROERT T LR
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RTK ¢ f 2 RTK i 7 25 B
2. BAERIEE o BEcEp LB - B o8 TG R
3. A BEERERII O 2Rw R 2Ry S k2 BFend fER A B F en
(Insignificant) o
4. RIZ AR RARRS FMHRT B AAQERELE R
d 3 OPUS PR EFHEEEEFLPIEOR I ES 5T 75 &
3 NGS 7 CORS &4 % %> Flpt VDOT nzF R 4 B s S H A
RN AZE R E FanfiRT 8 % OPUS v {2 &4 OPUS T £ = % 3R 2,
(Adjustment report)— & 3 » % VDOT 3 2 < i o

4.1.7 v £ X
kA B F LR ¢ (CCOG, Canadian Council on Geomatics) %~
RFCHE B e s e L A € fF R M £ L L

\\\?;,

35
% % ¥u(Geodetic Reference System) 1 Fg%fm;cxa s T A 4 £ X BEE frif 5 4p
M AR TR Lok e p LA R gna (R R P o2 7 LJEARRE R4
BLY LA o CCOG =t enF Jn | o (https:/cgrsc.ca/resources/) b > #-p jd A
a0 #9 — w SR % 4y g (Standards and Guidelines) » &t T 0 x4
~ 1Rl E 4 (Survey Standards)~" iP| & #5 & B & ¥ 45 5 (Monumentation,
Instrumentation and Calibration Guidelines) ~" GNSS #c¥; &2 & F-1& % (GNSS
Data and Product Standards) ~ " GNSS 2 i+ & # | (GNSS Correction Standards)
7 X JB o
o417 5 TRIBAR P RF i o B GNSSRIZAPM F > 5 0k

T H £ (Nt A o
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% 417 wEXRFT "RHERE

B > ERT

Hydrographic Survey Management Guidelines

DFO Canadian Hydrographic Service Fisheries and Oceans Canada 2021

Guidelines for RTK/RTN GNSS Surveying in Canada

NRCan/CGS NRCan Surveyor General Branch 2015

AB Standards, specifications & guidelines for GPS surveys of Alberta survey control 2010

British Columbia Specifications and Guidelines for Control Surveys using GPS

Technology. 2010

Province of British Columbia Standards, Specifications and Guidelines for

Resource Surveys Using GPS Technology 2008

Province of British Columbia Guidelines for RTK GPS Surveys 2009

Specifications and Guidelines for Control Surveys using Conventional Survey

BC Technology 2009

Standards Manual for New Brunswick Land Surveyors 1998
NB New Brunswick Control Monument Database Information 2002
NS Best Practices for GNSS NRTK Service Providers Operating in Nova Scotia 2016
ON Ontario Specification for GPS Control Surveys (gov.on.ca) 2004
PEI PEI Survey Monuments 2005

AFLERTAIZAARF > TE ALT P P TS S F o G

Hem oo

(- )NRCanada, 2015. Guidelines for RTK/RTN GNSS in Canada, Version 1.2,
Main Authors: Brian Donahue, Jan Wentzel and Ron Berg, Survey General
Branch, Nature Resources Canada, Canada.

(= )Ontario government, 2004. Ontario Specification for GPS Control Surveys,
Geomatics Office, Ministry of Transportation of Ontario, St. Catharines, and
Provincial Georeferencing, Ministry of Natural Resources, Peterborough

(= )Alberta government, 2010. Standards, Specifications & Guidelines for GPS
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Surveys of Alberta Survey Control, Surveys & Technical Services Branch,
government of Alberta.

ix = 7 L § > NRCanada (2015) = &%+ " W pFé i 2 i | (RTK, Real Time
Kinematics)™? 2 " Frpr 4 % | (RTN, Real Time Networks) 15 % 3 7% » % »
SR AELP > » 3~ PPP iz 5N o RIEPRF @ EBIIEER TS 7 0

® 3 & &Y (Elevation Mask) 7 10-15 & ;
® R ¥w®wAE PDOP i 238 3
® i UELPIFEEE 6
Ontario government (2004) ~ Alberta govemment (2010)B] 12 #F jx 22 -3k
SRR Y % GPS H & KB FipdlRlE 5 A M o 20 AR R
7T & V03K e BB 2 & > Ontario government (2004)/2 5 #& 2 DOP & -
Alberta government (2010)% # ¥| PDOP & » ¥ »2 % k3§ gLip| » & £ 5
-4 DOP B2 e o L B&ﬁF’* 4 _}+ > Ontario government (2004)
REF AT UEEY 304 B #F T 104 Alberta government (2010)
Bl i TR B3 5 TR s Glherh el SR L m
P ARE R o - BARR A LM 20 22 EPIFFFEI 20 A48
B BEERFEES S F) o ¥304238 20 2 2 Al R JedzsE 20 A 48P ;
BB HREERELS 15 §) o 8L I BB ARE AR T 5 P
PRERSGE XA 0 50 AL RAGEARE B0 10 MR R0
RIZRA G FiEmEt ARG ERET IR A2 B o
7 BT ELRIPFRF K R > Ontario government (2004)4 it @ 1 @LR| pF B e
)ingmé * 7 GPS 2 2~ BB S e {oBl £ A RE R i dice B
PR R RIS T &R
® B BITEURH PEMER
® v ffEAM <30km gFA A E S
® N3 >30 2T M FAFRGFAATERE TR E K
fRPE > B AR RR O R FRREE
® I 20 ~gmink * pFEl GPS B -

® Alberta government (2010)47 it : [ & & B4R A F o FF ELE R 4o
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-
® AT LY b Albert 4RI E A BE £ T F M R & (HPN,
High Precision Network) > 3% 14 ] 3t 15 #)B~ FFIE 3 -5 BB 60 &

® TG o Alberta 4P| R i AIBE L e £ X AAHPRFELPF 2
UELRI3 P B ERERIE G R 154 e
12 ARFTHAARFEFBFER T FERELLGTERATHR
Btk € R HARMAT L R A MR GEE R R T E S AR
WGRE 2, AFIRE AR S hMiT R Ek 3. WhipdIB R B g
BAagP Al ER o4 REWERTIBRETERFEIFRB ISR L

TR AL AT R

15‘3*

42.1 R AR ATHEFEEPEFTEIp A %#Ll‘i’?{?ﬁ.‘pq
WP A BN LT I BERERE LSS BRRE

A X AR *#Bk@?ﬁff‘%i%z%ﬁ s 2o 4.1 & o

422 ARRIEAER 4 K HITR 2R
BIPRRE ARG ﬁv&%ﬁ(f@:t’?%‘ﬂ A B R AR(ER)E B

HAEGRNM) > o8 TWDIT A5 " h LRI EHMIT en~ = A8 A
BB FERABL b Lo 4 SRR R L B
AR S IR REE PR REFEL 3 AT R AR AL

w 2 TWD97(:= ITRF94) > B 4~ TWD97 » % 4 pF %37 % 1997.0 -

TWD97[2010] (= ITRF94) > L #7% % F% 5 2010.0 ~ 2 TWD97(2020) (=
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