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The Study on the Different Texture Information of
Coastal Driftwood Based on Information Extraction
through High-Resolution Image Data

Bo-An Chen!, Yun-Xuan Liu#, Shiuan Wan?® , Yu-Hsin Cheng*

Abstract

Driftwoods have always been regarded as a precious asset in Taiwan. However, the
driftwood is produced by a natural phenomenon. Taiwan was originally located at the
junction of earth-structure plates in which the stratum was unstable with frequent
earthquakes. Once encountered a typhoon or heavy rain, the rainfall run over the forest
and driftwoods are flush to the coastal. Hence, the load on plants and soil, and the large
increase in surface water flow, may cause flooding and collapse, and the trees in the forest
will be washed down as a result. This study used high-resolution remote sensing image
classification in image recognition of coastal garbage, and used Entropy-based
Classification to screen the original bands (B, G, R, IR) and 8 texture information, and
conduct parallel analysis. The study compared and identify the differences in the selection
of different texture information, and conduct a differentiated analysis with the actual
landform. In this study, the classification and comparison of support vector machines
(SVM) were used to draw the thematic map of landforms of coastal. An error matrix and
a thematic map were produced. The classification performance of the best texture
information selection is also discussed.

Keywords: Entropy-based Classification, Support Vector Machines, Texture Information
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4% ) &= f4(Support Vector Machine; SVM) [2]f3& B FAE1963 4F » A FTER
Hana B2 R AR NI EOR - FLS e AR I am s o St T S g I EMaits: - H
A E IRV EPRIR IR R 8 MR AR SR AEm S W8A 2 5B 2 4l S
o BE 20 4D 90 AL > FLLEREES KBIARTRIZER - Mk X3EF T SVM H
am o & - SYMIEEVEA ZFIEARVER - 1045 - SVM JERDEIE Ry F iR E
BEEEE o EEAVKE S E—4HF ISR B - BHEEI S B R R A R
Bz — > SVM JSE AR —(EHEA - BBl Boss — S8R5 — (@R -
{FHE B BB —TAR RS o SVYM R SRAE A BT 2 22 R Hh AL > TE M EoR
{EREE R Z MR T o MR RGN B [E —22 /4 - IR EfEEE
72 PR — (U 2 TECH &S s — (SR - BLAE AL 30804 (Entropy Based Classification;
EBC)[3] - ZAEH fE — /R - 2t 7 — AN G SR 2BV E L - B
sEAE AL T B A ST T AR B A ERE o W EIRE R B T AR B G ES
HEEBGER L R TR R A B M 2 M 8 IR TR @M 2 M -

AT I B DR EL ([ S0 & BRI DA S 4% [A] &= 1% (Support Vector Maching; SVM)
HEAT A A FIRE EE R R Y & MR AT FE 52 (% > 37 DA gl FE BL Bt 43 3504 (Entropy  Based
Classification; EBC)E1T /&8 M4 2 H Wl 4& %4 i [R5 72 AR e -
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KT 20T REERE - SEE S ZE M TT - B AT e TR G = IR 0 A
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SRUEFIRI T R BRIV T - — KRR R 0 AHyRaw Data iy AZE & 575
AT DVE B — g Ry RIS > A5 T - oD - 28I R RH RS - —
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2D o RIS PEA B o R B AR T4 » ke sl i G P A REER A
Ao MEERCEPE T FREUREB AN - R IR B - mTRES IE K EHYRRH]
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(Supervised Learning) -~ 4 B5 £ 2 3 (Unsupervised Learning) B 5@ (b 2 3
(Reinforcement Learning)[5-6] - B3 2275 [ T ARREAVEER TSR - 1E3I14K
PRI fe s A BVEER Fofn] - HVE A BRI AR - BRI RIRAE
FAREEADELTI B BUETE - BB 2 A DUR IR (N8 R - E—MHE
i AR S i E YR R B B R S TSR I AR S R B (E Y o S R B AR A
[7-8] - & RAVEE 2 J7A7F Logistic HHEF ~ 4ptEflfs  JRRE - ZFFm 2%
(SVM) ~ gl adis. . F55 - [FmEEEEEE T - JISERNIAERESEZE - R
TEBILLIA N AT - RSS2 H A RE H 0y s e & 1EE -
BB N T E A SREE AR HE T o AT - 12 0 R TR AR R B T -
REVITEAEE - e FECERY] -
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NEHEENAC - BL - EAEERE -
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& SR =FVEE - (EREEENE - LS RESRET a7 it
FEEEVIBEINTITIEA ©

A2 - IR T B B R AL T B 05 18 5 24R AV83.2K R -~ it

FrLmWERILY  JUERE - FUNERE - EAERE - FRE > MERNILE
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(Z) SCEER

AN S SO 2 5 2 — (A &S e © AN JHEN SO R i B Y = 4
FyEER ~ TR AR o PRI AG—(E S &R o 80 R  BA R ~ 7 e M RO RE A 4
VAR = K0 - B ] R R s JHVER S > IR — D RS AR R4 -
SO AT TR = K3
1. a4 (Directional textures ) -

7 I PG B RS A B R R U > BUR— e R AF R 1
SO AEAEHERIHRY AR AT E AR S (AT 1E2)

B2 2wl

2 EHAME4HE (Periodic textures) -

AEIIVESEAIE H— R S ARG T (primitive) FRIZHAEHRS IR 2L
A - RER T A LEHE 2 - A7EAR(A0E3) -

Bl 3

3.FEr%EaE (Random textures ) -

PER MRS £ EUE — e B MY > HPRY Iy A B ple BTl 2 ey - B
EEFIERY > AEIEE - BEZNERERY - EAESSR E T R PRV B AR A TR 1
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fEeBF R — R G T EE R R E N E > BRI T YRERmnAE
BRI B( AT LR mAEREALSHY BN - AP 7A 0 DN
RO ARR ~ B ~ B > TRIET ARy - UM (Texture) ~ 4R MERHE

(Linear Feature) -~ JEZ iR (Pattern) ~ K/\ (Size) % [MECHEEH R ML
SRR DA R ERSERE N A - — S 0 @A A SCERE - BE
R EYIRTE RSN - LRSS E - ErEHEy 7 =0m] DU e %
A R (R Hrh— AR o 2 FdHARET L -

AT EIEENVIN Y1278 S0 & a5 22 18 R 25 oy A BE B VU Ae i 2L B E )
ISR E B A T ATL-4 > B ER ST R A RAV KPS LB GLCM &
{LFHYECEEN - (Contrast ~ Energy ) #1707 » A FatVUfELEET & - A%
ZECETUEAL - BREEEITE YRR R e sCE G TS ELAVENE - B
A DA E & FEA [F 4 5215 (Texture Images) - S GBLERFERIE S M - B
AMMEFT DAL T FEFT R V22 TE AR - HAHAE N H &R 25 sl i 4= oy JH a8 5 2 sk nI iy
sk AT -

(1) & (Energy, Ene)
Ene = Zio Z;V:o Cij 1)

(2) Z=FFE (Dissimilarity, Diss)
Diss = Zio Gy li=] @)

(3) A& E (Homogeneity, Homo)()

N
: : N
1
Homo = ijo e Cij 3)
i=0

(4) % (Entropy, Ent)
Ent = —ZI_V_ Yo CijlogCy; @)

() BLEERE A

BLE ELE 4305, £ (Entropy Based Classification ~ EBC)F§EEAkER » EBC{&FH 4748
(Classification ) K@l (Entropy) Wa{EEARTELRATRERL » il |

1.57%8 (Classification) -

IRRHVIE AT B R RV R B M A & DA R - 738 (Classification) 2 H Y
Bl E @ E R il E 2 0| - MRS 2 275 - Classification T HAEET
LRI - PINE R RN SR - B2 b RIE R - RSP IRP
IR © 225 > RGN B 2 EFAERT 227 - A5t
( Decision Tree ) ;% $&[m&1#% (Support Vector Machine ) -
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2.8LE (% - Entropy)

A S A EACTRRY BT 5 - ER B B2 52 7 55 (i (Clausius) [ 18654 Fr
FE > IRBD T —{E ZR A Z MR - [N R AR E IR S R Y
B ERN B LR - Bl R 5 n 1 KA a] 1B ) BRI Y —
(EHET TR - &N AR - S A e MERHIE [10-11] - 18774 » 2%
(Boltzmann) 346 B — Z &t HY M BRI R E O SR B BV RIBIRRE B AHRE - T 3%
J& T HRGERIM B Rydeat I B2V ELEE - i By entropy {5 A DA 2L — {8 2 &R ALIEE
AYEE[3] -

RILFEERE T U AR AT Al o0 Ty W R B

(1) s — AR 508 (RN TIESIEER) - EiEaLE (Entropy) HYZEE
s AR DA E R T Ee A 73 80

(2) B Aratb SRRV B PR 7 J508S - HIEr ~ BEEAG A R B R E 4]

(PU) ik B b

SCER I ERGE L IR > GE g Ry R i IR R SR M dH s
E# EACE e H — PR E R IR E R B2 - A0S -

® 5 SWM [6]

BT EAREE R - =FREHL ~ H2 ~ H3 IR =R AR - H
el PRSP [ B R H2EAHS > H1E R AT B Rl S &kt D) B Be i DA A (A
H2E AR O] FE SR RHME R H3 - [NHIRESE G — (R R o i s iy 4R
ERNHSEZRREINAREERE IS - W & HRERHEER -
SEF 1) B R (E R B R L B SR i A W RE R - S 9% m) AR R e 0 SCRF |
ERAb -

-

-

(R) HERP B R TG 7A
170 B

AW FeIE LA Gt R I > oy ReH ~ RO ~ Bl - SRV REHVALR
KRR o il - BBR T
(1) BRI

AW FE AT AL 5T 6 5 258 2K 52 Rt Fe & (1&]1) - (E /= Boatns
FEHIR R Bk, - BB TR R TR R B L 3 AT -
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L A REHU T R B AT SO SR B R > Bl B 9T
Q) F—FEIMASHHER :
BT BRI A SR E N4 -
(3) FE IS ABLERRE ShTL -
DLBLEEESRE oy dT AR e R SR E RN -
(4) =S faE TR
B AV B R e HI AT ER G o (5 18 1 =% (SVM) 73 -
(5) SRV 17 55 Ao A P e - R[]

EEER AR SR AR ~ 48 RLE AR o A E 5 SR & A sA = A0 B - R ]
(TR 7= ST (QEl6) -

AT IR EG25008 ARG - DL700{E BE#E 75 R T AH Y - 18001 E BhAfE T TR AY
AR o S DA ATEG R & SRR 3B EBCHE &R B M B LS S A TR R T =X
RILE = AR E T
(1) FAEERH+SVM
Q) FEEER+IfESFE R (AR 1~4) +SVM
(3) FRAAE T RS & L (EBCHEER)+SVM

B 6 27 iALE
252G

S G ZM Ry 5 FH v AT FEE AP 5 B SE 2 I Pl 2 = AT 1 2 et

st 0 R HAY AR AT 2 ] 10cmx 10em » HY Y I BR R A ARG B T i e i
TGV > AN RE N TR TSR R - Hanle &
Fo = AT IE 2 a2 Gl DABERE =140m > FOV Ryd0° Z SR S BUETTIRSE - JEHU
AT Ry10em 2 52 - RSP BRE s G B2 & i B E S EmA &S]
K FEtREE G| SRR LI E R EE - (R TP AR EC AR S AR
HalEH BCSVAEZRDIE R AR - T HREERYIE  BRERR
RALfmEE > ISR - (E RS AR R T 7 -
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PN W e

(i R s 5 4 SRR R P A A AR B DL — (BT R/ N R AR A - & HfE
PR U7 S HUH R o Bt B &R E - FIRF s DU E N & &Rt e L it A S
FEEER » B ERIZEE - BTG ETE - siRE Ran 2= 40 DL R
AL IR SR - FI SR 1% 2 i R B S s A2 AR P > I RE R A [ {5 R A
ta T HENE - [E7(a) RN E R 2 AR > TERESR £597.06% > AR Y SRy
H AR (B E) -~ TEROR(E ) ~ A& E) - ARFEEER TENVI(Environment for
Visualizing Images)PE A& 5 > ZERE SRR AT RECHER » WETERES > F
LIPython#e S 120537 » 483 BR A R P B - ] o L IE o7 il A ¢

Case 1 S A SR E A 7 R 22 FE

E BRI S eSS R [ S (SVMAY 3 fE1% - BB IERER By 9T% /A
(X0E7) Z2AIMAE EREEA R IR R (E8) - (& Hrother &5 T & a+/Kis+
LR ERE )

B 7 RIEEFH 9T, 06%

Bl 8 4k (B+GHRHIR) 2 4Z B

10



BRfrZ ~ Bls3E - B8 JEC:
BRI = AT R BT S B e R B R R 2 Pl JAH 55

Case 2 I AFTA S &R

B A (ESEE R A {8 (Variance) ~ ﬁ?(Mean) 4'E M4 (Homogeneity) -
¥fEEE (Contrast) ~ AHZ2 14 (Dissimilarity) ~ Ji(Entropy) ~ —[&4%E[# (Second Moment) ~
THEH 1 (Correlation) Rz (5 HRHE) & &R - %%éﬂ'iSVMEﬁ%%ﬁ{ﬁﬁc?ﬂi@%iﬁ@é’]ﬁﬁﬁ—?
F%96.5% (11 9) A1 Rl A& 10 B ARHYER I R A (bh 872 ZER) -

W 9 RIzEF 4 96.50%

B 10 #7F RIFM2 3 KEH

Case 3 4% gL AL ) IHE(EBC) G2t Y S fE 2 R B

o Case2 FiTEEL Y )\ (SR & s+ 4Rk B » &K Ai i Bl AR 53804 (EBC)
BN EE AW E M AL ER) ~ BEREEB) ~ J5 & (Mean) ~ MHE M
(Dissimilarity) &% 7 £ ] Si% 2572 A5 FEAY T RE#<93.229%([&]11) A1 & (A& 12) -
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Bl 11 RIE# K 93.22%

B 12 5 EBC 2 41

Edz il 11+ 1 26 2Ra0 22 AR LAY IR AR T - 28070 R T A U R R Y 4
sonl LA i LSS R - BREERUREVER AR A BB SO PTR AR L
72 o Dlia BB 13EbiE % - & HEBCE LB Z I E: - Bl i (GR 2 HE PR Y
other) Z FesH 056 24 5B MLERAERTALSVM P T A BT K EEUES Lk > 2
FREILL R (o] N m]RE RS BRI AL sy A & - (ERTE A LEEHE R
Bigs -
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Bl 13 548 35 % &

Ii~%w

WEERUNETEESIROLE SR STAREARIK - EFNITE
REFERF BT » F5RE 7 i A s BUERE G E RN DL G P R il T e B
BRI AR - BIREEN & REREIL R ATIER - At5ERE A G S
BB TG - & ERE N BIAIRAIE A BRI CERAR) « AT
R RERAR » BRI SRR EERREE B (H B IASCEE R R
AR IR ER R GG R R? EEEIRAVEREARTRE - £ EE | TIASGE
EilHAR B - BG4 T RS ESCEERBEN SR E M - LHIERN
T AR A S iE B HAUB AR - WFSEaRaT USRI B A S ESCEE LA
BB BRSO E R N s G — e S B A E M o R EL
FERME T AR > B R E B 2 S0 E » fEERRIHS -5 R iEnE B
IEMERAIESWAALG - (HIEE A ks Rayith 7 - FrESiny EEE 45w E
HIEM A E G PRI GEEHL4E4% (Convolutional Neural Network, CNN )
A4 B4R ( Generative adversarial networks, GAN ) 2 [BE{GEUE S HE X ©
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Application of UAV Image and Deep Learning to Assist
Bridge Cracks Quantitative Analysis

Yung-Chen Chang®*, Szu-Pyng Kao? Feng-Liang Wang?, Jhih-Sian Lin*

Abstract

There are about 29,000 bridges in Taiwan. According to our country's highway
bridge inspection standards, the completed bridges need to be inspected regularly every
two years. The method of inspecting bridges is usually carried out by visual inspection,
and the inspection is mainly based on cracks. However, many cracks are located at high
altitude or on the river surface, so this method requires professional bridge inspectors to
take bridge inspection engineering vehicles, equipped with slings and take small boats
to approach the bridge components for inspection, and the personnel will use In the way
of subjective judgment, the situation of component deterioration is scored, and the final
evaluation score is used to judge whether urgent repair is required. The above-mentioned
traditional inspection methods are not only low-cost, high-risk, time-consuming and
labor-intensive, but also because many bridges need to be inspected every year.
Therefore, if the traditional inspection method is adopted, the bridges inspected will be

delayed and the safety of passersby will be endangered.

Therefore, this study intends to use deep learning to establish a set of crack
identification models, and use UAV to detect bridge crack in image,then cut the images
and identify them step by step with the model. The final fracture measurement accuracy
of the study is better than 0.22mm, and the study shows that it can improve the
limitations of traditional methods and improve the detection efficiency.

Keyword : Bridge Inspection, Crack Identification, Deep Learning, Unmanned Aerial
Vehicle,
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BN 0.22087 mm | 0.22087 mm | 0.22087 mm | 0.22087 mm | 0.22087 mm

H

g E | 044175 mm | 0.66263 mm | 0.44175 mm | 0.66263 mm | 0.22087 mm

K
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%8 FEA06~ATAHV R 23 Canny £ £ 35 14

B {17 :mm SEEIREEL(Canny) | 2HIE5(Canny) AR
ZUE— 0.43290 0.44175 0.009
Zakg— 0.64935 0.66263 0.013
ZUugE — 0.43290 0.44175 0.009
ZUsEY 0.64935 0.66263 0.013
ER 0.21645 0.22087 0.004

Fi# 9 mILLT##%)] > Canny EHIMVEGEEIRRR/N > #02 0.0013 > HEEHE 72
s B B RUAR AT T

Hi% 9 R 11 BUTATSIE AR - ARSI R RS FUE R -
B¢ 10 R 12t Canny ¥4t AR 55 = (B4 2 SRS B MR 2 0.26 -
0.27mm - [P ATAE R Canny {ERIME FAVRERTSRIERZ - IRV AESEE |
[EZLRATER - AT ZCREMERST 1m BRFTS LAY | (8 pixel /1A 5
0.22mm » ZATARERE By U AT SHE AT B SY - DURAR BRI /7 = AEHY
BAISE - BOR BN Y B » B -

29 UEET R R kA

SUELR TR — - = g fi}
4% pixel 8 2 3 3 3 1
RN 0.22mm 0.22mm 0.22mm 0.22mm 0.22mm
ZUGE B 0.43mm 0.65mm 0.65mm 0.65mm | 0.22mm
HE 0.35mm 0.65mm 0.70mm 0.65mm | 0.35mm
PAAEMEEME | 0.08Smm 0.00mm 0.05mm 0.00mm | 0.13mm

% 10 Canny T & &z & B+ % £

e dmoR — - = Y 7L

ZUs pixel 8 2 3 2 3 1
EEBIR 0.22mm 0.22mm 0.22mm 0.22mm | 0.22mm
et 0.43mm 0.65mm 0.43mm 0.65Smm | 0.22mm
HE 0.35mm 0.65mm 0.70mm 0.65mm 0.35mm
A B E 0.08mm 0.00mm 0.27mm 0.00mm | 0.13mm
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211 85 2pLER % £

SRR — - = | H
ZULE pixel 8 2 3 3 3 1
EEBIR 0.22mm 0.22mm 0.22mm 0.22mm | 0.22mm
e iy 0.44mm 0.66mm 0.66mm 0.66mm | 0.22mm
I=KiE) 0.35mm 0.65mm 0.70mm 0.65mm | 0.35mm
PRAZAEEHE 0.09mm 0.0lmm 0.04mm 0.0lmm 0.13mm

% 12 Canny 2Bz 8 R+ & £
SRR — - = g )
F442 pixel 2 3 2 3 1
EEBIR 0.22mm 0.22mm 0.22mm 0.22mm | 0.22mm
ZUGE T 0.44mm 0.66mm 0.44mm 0.66mm 0.22mm
I=KiE) 0.35mm 0.65mm 0.70mm 0.65mm | 0.35mm
AR AEEHE 0.09mm 0.01mm 0.26mm 0.0lmm | 0.13mm

() VAVESREREHFSEE 2 BIERE

B IARISE RN » SERE R I
i MR E
G P T A T
RS R R TE
VI R UG
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1 IR BT AL
R RN
BREAREER 2 K o (MR TR - FATHEAE 12
R 2 4 SRR o LA Y R B RN ST
75 > LG T TR T Ml > 52 R BT R S -

N o A W

E 5 W

(—) AWTFELURE R RGP DL UAV fi S G TS
HEARCRBUR AT A EDEIR R S By 5 [F) N HRREISEE SO FE Al el
AL ] fif B i B A OB TR R O -

(7)) Abt7e e &N ER 0.22mm » ATHRELERROHIFT R 2 B S LBYE -

(=) Canny JEFEIEZEN4GERENAFMA A FRGERGRR - HEERmER
1 - B R S (G s RASH ST - S BT RG] § B P
RREEFT AU S im ET A A 2RI ER 8 > BOPREEAY NN R E -
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L FELFER SRR L P EE
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FEFH B ERENL 2% (GPS, Global Positioning System)}A 1978 -5 X &85+ ~ 1993 4
FCTIHE A 22 B 052 BB E - Ry ATERlg - CHUEIERTIE - e teny s -
JEEARHEAE(NADS3, North American Datum, 1983)E R ZETTN &2 258K 2 F °

11997 ZE A EAE | TWDIT » JRSIER] GPS Firsenk - Hilth » AeEkiE B A/ A
48 (GNSS, Global Navigation Satellite Systems) /7, A #E{THEH DA E - Bk A RE(EE -
R TIEZ B - Fa Lk et i BfE e i s U E AR d A - DAHESUHI R R
el 2 8 - ELL GPS HIEEE TWD97 2 Fi » WNEEMER R 83 FitE "IN
EUERHE — S~ R R PR R RS -

T J\FSR  GNSS A # Z 2P H R IEIVER  NMEEEHE RN 20
RSB {6 2 SRR SRR AR G VA B OB ~ e - ARZE AR - [BIRRRRPRAYAE
AR T B SRR - i H AR A B s e 38 AT 2 BT 26 GNSS
AEFA (%) (BRI BERATE R G1-NO.18) » Z A FRF- ARSI - WA F
2 st 5 REIRREE . GB/T 18314-2009 " 2EKIEf 247 GPS HIE#i# |, ¥1 GB/T
39616-2020 " {7 B Ef &AL E VAL BT EN RGN & (RTK)FE ;5 SN " Guideline
for Control Survey by GNSS, Special Publication 1, version 2.2, 2020 ;; 475" Guideline
for Simplified Geodetic Control Survey, v2.1, 2012 ;; [ " Guidelines for the Use of
GNSS in Land Surveying and Mapping, 2nd edition, 2010 | °

K AIHIE  PRET4RAS » DIEGTHIE T = > GNSS JAIE BEEHRm IR L - &
SREARE - RERRE - BhRRL - RTK - 48E8A RTK > 1F RTK #3453 ekdE DI i B
JTEGETT ZMESE - MIEHAERIEN - LHZ MR 7T T8 » ST A PIA

P 2 A1 RE L R REHPEELIECEE NABPRLCFERAp 21§10
et E
2 g R REE AT M AHAH
SAMREF LR KRB AL RIEP U F o
CRE A ARIE R BRI P AIRED R S o
SHR o ARPIEE ERIF 0 P AR LRI
* i f%—‘ﬁ » TEL:(03)5712121#54940 > E-mail:tyshih@nycu.edu.tw
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& o BUIE > %2 2149 A GPS ~ GLONASS - Galileo ~ L Beidou > QZSS &
B TREIR PR 25 o (EEMUERE B > B W] DI Z i PR
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On the National GNSS Surveying Guideline

Tian-Yuan Shih!, Ming Yang?, Hui-Jung Wang?®, He-Chin Chen*,
Chih-Ann Yang’

Abstract

The first launch of GPS (Global Positioning System) by the United States in 1978,
and the subsequent full constellation operation in 1993, brought a revolutionary change of
surveying method, particularly for the control survey. NAD83 (North American Datum,
1983) was established even before the full constellation operation of GPS. The 1997 Taiwan
Datum, TWD97 was established with GPS as well. And then, the use of GNSS (Global
Navigation Satellite Systems) for control survey became the standard operation and routinely
exercised. Due to the importance of surveying, traditional standards are established for the
operation for the quality control. Prior to the surveying work for establishing TWD97, Ministry
of Interior published a standard, “the Standard for the Establishment of the First and Second
Order Satellite Control Points”.

In the past 28 years, GNSS have experienced incremental, but significant, progresses. Not
just the increase of constellations, but also the signal and frequency bands used. This study
collected and analyzed GNSS related standard and guidelines from other national governments.
These include, “the Multi-Constellation GNSS Survey Guideline (Draft)” and its companion
detailed description book, from GSI, Japan (GSI G1-NO.18); GB/T 18314-2009 “GPS
Surveying Standard”, and GB/T 39616-2020 “GNSS Network RTK Standard” from
mainland China; Australian “Guideline for Control Survey by GNSS, Special Publication
1, version 2.2, 2020”; New Zealand: “Guideline for Simplified Geodetic Control Survey,
v2.1, 20127, United Kingdom: “Guidelines for the Use of GNSS in Land Surveying and
Mapping, 2" edition, 2010”.

Concluding from this study, for the control surveying, the GNSS method could be utilized
include static surveying, rapid static surveying, kinematic surveying, RTK, Network RTK. For

RTK and Network RTK, both real time processing and post processing are feasible. For Precise

! Professor » Department of Civil Engineering + Undergraduate Degree Program of Systems Engineering
and Technology > National Yang Ming Chiao Tung University * Chung Cheng Institute of Technology,
National Defense University.

2 Professor » Department of Geomatics » National Cheng Kung University.

3 Engineer » Disaster Prevention & Water Environment Research Center » National Yang Ming Chiao
Tung University.

4 Section Chief, Department of Basic Survey and Planning Section, National Land Surveying and Mapping
Center.

5 Technical Specialist > Department of Basic Survey and Planning Section, National Land Surveying and
Mapping.

*Corresponding Author » TEL:(03)5712121#54940 > E-mail: tyshih@nycu.edu.tw
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Point Positioning techniques, particularly the post-processing methods, may be included as
well. Regarding to the observations, signals from GPS, GLONASS, Galileo, and Beidou shall
be included. Whether including QZSS may be further investigated. For the operation part, the
quality level of GNSS receivers, the minimum observation period, the minimum number of
satellite observed, shall be regulated. Whether the geometric configuration related indices, such
as DOP, should be specified in the standard, could also be further investigated.

Keywords: Kinematic survey, Network RTK, RTK Rapid, Static survey
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BN

TR BHE TR B T - AR R #i(Standard) ~
2Ry T (Guideline, F5p4) : AN FAIEI & EREMT e ZAIE R  (FEET 25
% ERER T BRI - DIRE] 83 FEE Y T NEEHE—% - —
T EERTRDA R (F AR (NBED » 1994) Rl - HERE S AR 4450 - i 2 15t
U~ HERCHUE R ~ BUAITESEAEE] « BRta BB T ~ 1 B iR 2 B B AL
AE ~ GPS B IEGTAIESNERA - WS W EIEE - 2515 " NEETE 2B
TERERTIH |~ T IR R bt | o

CEUNMESERE PrHE - BEAS2E A  BUHERES  BUNSRE R - Bl
JRUERTEIRG ~ BEOL B AN/ ~ S E MY - 9Pt - Bt - (EERipEs T 1F
SERTTRWE Z RIBE R - fEE ST H T BEAL R ) R BRI R B &
ARy GNSS IS EOR ¥ 228 17 - B & RN F B AR E LB AY5REE - it GNSS
TENL R B ALNE(Are Intersection) » & B0 2 B RS (A A E - AIEE T H
Z TN A AT E R = - [EN RGN SRy i 2k s - gk
SPEUHIEN Y B BUR D - B TR AR, 246 T ESATIBIY ) R AR EAL
B RENEE - EHNEERRER T FEEZKE T (DOP, Dilution of Precision) %
51| » %1 HDOP (Horizontal Dilution of Precision) ~ VDOP (Vertical Dilution of Precision) »
PDOP (Position (3D) Dilution of Precision) ~ TDOP (Time Dilution of Precision) ~ GDOP
(Geometric Dilution of Precision) o NELE(1994)EFH PDOP R » EoRKEHAEZTE /A
10 -

BN TESEEET 2704 o IR ERHURECZ IR > NEER(1990) g LIFFREH &

RB & - M5 BEEECI S  AHFTLINEER(1994) 2 5 5AE - PRaT B E B PEAR
# o HEEATIE -

NPT RS
AR A 772 - SR AL SRS - EATPrE S

Z A A H AR 1 3 FR (2020 » 20202) ~ HERER S AEAE( L E R 2 B & (2009, 2020) ~
SEN ICSM(2014, 2020) ~ Queensland government (2021) ~ 475 LINZ (2012) ~ LZIS
(2017)~ £[E7 RICS (2010)~ TSA (2008,2012,2015) ~ ZE[E USGS(2012) ~ VDOT(2021) ~
JZ=K: Ontario government (2004) ~ Alberta Surveys & Technical Services Branch (2010) ~
Nature Resources Canada (2015) - B[] Ministry of Land, Infrastructure and Transport
(2017) ~ £z KKVA (2010) o 3 Z MEE AN 1 o ASGERUAT TLEE 2 Z AR
& TS
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21 wWH2 RBRE

Bz | U ZENE
HA B £ i 3 fr | S S0 DRSS - EEERTHBE T
(2020) N2 B2 B B A SRR SHEERIHIE
TESEZ R PIZ0R -
HA | B & i BB | gl 2 i
(2020a)
HH [ o B B RARAEAL | SHEH{EAARERE T -
EH EZ AR Y
(2009)
[ o B B S AR AR AL | S Y {0 R R B Ik 4 46 B 1 (A s BT ) B BRI =
E M & A (Network RTK » DL f## NRTK) /7= -
(2020)
BN | ICSM (2014) B D 45 4 {7 & 4B 15 (CORS, Continuously
Operating Reference Station)Z2f# ~ 255t ~ 5B E -
BN | ICSM (2020) Fi#i GNSS HIE/FZE » B FFRRELRII § A
Y SEAREE A ENINH -
HEPETE | LINZ (2012) B FLAREBIEE /P HI 2 2 (R E > B EEFRE
EARRS -
HPERET | NZIS (2017) HErsHIF B RS HIENRTK) 5 = -
FLE | RICS (2010) GNSS HIEH TR - HEITAE SRR - 8
R ~ BIIFERE - HEE] PPP « HNRIEIRIE 2 %
PR~ KRR E -~ B TES  19FES - §f
HETAMEE - RHL TR E Ve -
J[ER TSA (2008) AL BIIS ERHIE (NRTK) /7=
[ TSA (2012) FHETERE B ERRON E (NRTK) I =X ¢
R | TSA (2015) ST AERE B ERRH B (NRTK) 5 K -
FE[H USGS(2012) DIiEiE R s By 1R - ¥ GNSS B EEA
R
F [ VDOT(2021) SR 4E 5 JE o2 I (Virginia) 5 8 iz Fr 1] € 2 ) &
Fidl > GNSS LB FHE - WwTEE
MHE Sede 2 Rl ~ AR - RS -
JIZK | Ontario SERAHIE(FENE - Bafgast - HE - 48
government V22 ~ R EREES - DL GPS BRE 2 A4 HIE T
(2004) XA BAR LEDEHEEN T =0 E -
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JIZR | Alberta goernment | SERHVHIEFERE - BEWPaET - HIE - 49
(2010) o2~ iR EREESE - DL GPS BEE 24 HIE T
A E o EA EELIFREEUHDT =0 E -
ISR | NR Canada (2015) | ARS8 RE & (i B4R RN EhREE fir s £ i -

R [H] Ministry of Land, | DAMUEE A& fEF f 188 - HIE T AE S F#RR ]
Infrastructure and | I} > L& 48RS AT EIREHIE(NRTK) J7 =
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it | KKVA (2010) DAnEE A& FEF Ry 148 - HIE T A B S A RR e
5 e s BRI EWMNRTK) 7= -

=~ RpER

FEER B - A > 27 GNSS JIE R it Bl & 78 [F —HE N - ERAEHA
5 > AR RN FIR T 3 BUBRACH A FI S o aiHr BOR R » i ' 48R RIRF EIRE
TEAL ) > BB R —TAREE - SR AR AR -

(—) HZE GSI

LM 2 F(ATT 2020 ) > HARR A3 A BN T PR RE AT S RThi T % GNSS Al
B (EE) 5 ELWEBFRGTER G1-N0.18) » FrFMAEGSN - WA T2 fi#
o TEARRRCCE » EHRTHBEIN S B A2 Bl R 2Rt $HEZERIIE(F
L EREEOR  FEAR T - K2 B REAE R T R RGBT AR
& WRIA » o Rl DUSRE

AREH - GNSS HIEHEHR RN 7% - EEfiRE - UEEeL - Rk
7%~ RTK ~ 488 A RTK - 7F RTK Hio7 ks DAt e )7 =0 T 2 (R - BNE 2 %
2 %4 A GPS ~ GLONASS (GLobal NAvigation Satellite System) ~ Galileo ~ Beidou >
BLK: QZSS (Quasi-Zenith Satellite System) o 2 EHTE B th » 75 8] DL > 6 FI B2l
RN B VBUASER IS BN 2 B8 - (2 N8 T B 58 S AR e -

B TR, o AT RE - HRAY - AFMRRIEER T RS
AL (A ) S - OEDAHSZERES - 5 & B2 Eiss - sesglEiHIEy
WEEID - RItEEREEZE R "45E ) TR DUERCHEAESIR . B

R LT MR Eb iy BBk > HIIER A% -

1Mty H R

AFAME (RGBT GRFEERLAE T ARRIIARRE ) 6 =3 HE -
JEFE T % GNSS JIEAVERE TAEJE » 45— 7R > WM T ATRAUMREE - HAVE
HEERFR RIS « FEARTF-Meh > BR T LS Al Galileo Z4b » BEAEEHIGREE
S HT 3t 75 P A [E] i B XE L S Z R HIARL 22 50 A - PIAIAE R ZE RE R A TRAY AR SR
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AIAIHZE W AR B ~ BEZIHE R (B2 H AR L1 B ER IR R 5 25 4R Al
ZRISREER WIS A TRt - T E T SeRisE -, b |
EERENERS  NEEEGE T N7 A )% - GNSS BRI E 4 HERE) DL
b THRERES Ry B o —&Rk T GNSS HIERE | S 4 (2022 )11 H 10 HEH K
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(Short static
method)
g B& 7 A | 10PLRLEx2 SPTPELR 3~4 S HRAE
(Kinematic
method)
RTK % x4 10 #HLLF %3 1 ¥ 3~4 JSHRAE
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FE M P AR A A2 7R /NS 10mm -

(C)FEIKEE

o R A B R AR A2 ey 2 M B A 5 B 5y R RE T B S A4 BIRF BRE M
BRI - MHIEZ B BRI B R - (DT AR SR, - 2EEL &
HL(GPS)HIEAIFE > GB/T 18314-2009 © (2)rhHE A RIMIBIRZARAE - B2 EHTE
(r EEIEAA BT BN RN E(RTK)RLEE - GB/T 39616-2020 -

ch BT SR IR 7 3T AR 295 5 2000 52 Ak 4728 2 (China Geodetic
Coordinate System 2000, CGCS2000) > #1 TWD97 #[F] » & —{EF B E FATHER'E
G~ T iz FR B ] g 7 AL O AR - CGCS2000 PR AV SH RG2S #
o B~ R ~ R A R R B A B SR & 4
GRS80 (Geodetic Reference System 1980)#{EAH[E] » #1005 [ )7 H EHI 2 ELEFH LG E
iy WGS84 (World Geodetic System 1984)#{EAH[E] » B GRS80 7 #{H A i/ N7
5o HRAN o TREIREERR 73 RIS R RATTE AT NV AR R e (R Rt T AR &)
ETH 1980 PHIEASEA T 1954 JESA AT -

2 AFREIE SR SR A
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PRI R R SRR RIS &y s A~ B~ C~ D~ E 5 4% - Hrr A 4%,
fir 1 CORS (Continuously Operating Reference Station)iHi 488 (T EL LT RERY iS4t
B EAR S A B B SIR AN EIL PR — R PS4 ~ TR
PEHYHERE) 1) BB R P R R E F AR - HEEMEKARGHEE
7> TWD97 2 KM ELAEEE -

Ty A GRAERIRE AR ~ AR bR 2 R 7= DL AR B S B R i 22
Ko HNEHIEAEE S ERESH T — » (AT A RIHIGRAS 2R VAT
e R A B AR AL U S 2R S 15 -

A GRAEHIRGEE 2 R VR e NYITHEE © BRSO SRE R AL S A R
o5 - FERFEDH 2D 24 fHE R - BREEEIERE 12 /) 1Hz - RGH OB EMEER
3mm FEOR o A GRPEHIREIE BRI A 2 Eas O Ry enE S B SRS PR 1
B RBVHRIEERRE » 5T REIFEH 2 ERRIRE A EFE GNSS Ak BaH 8 et~
IGS UEAAERIFAGHEURI R -

TEHIEEZTTIH - A RSB TS T8 2 B g = mE R %) -
EEITE IO 5Nl ISR 2 S - A SRIEHRI4GHYEERS 72 7] 4E 2000
H R AR S B PRI ER 2B HEZR(ITRE) FPHEL T - £51-48/& TT(epoch) A [F]HF AIE A
FAMRR SRR RIS A T — A - RS AT e S | AR RRANY 5 B8 7 -1
BTN > G IRDUEEHVRRH AT ERE -

26 ABpHIBH R R R
L A A —
ARRE Ty BT AL FEE RS
Gl [ KPR | EEAR | S| ifni‘) Egﬁﬂﬁﬁ(&:
(mm/yr) (mm/yr) Sl
A 2 3 1x10° 0.5 100~200

B SRR PR L T R e 2 S R ZE A ~ B i < AR EL AR AR
% > EERMEBH R E T TWDT7 BY— SR AR - Hofs EEOK R AH Al BL (-
FIRAEE 50 km) 2 F4R/K 3 B R S mm ~ S ETERE 10 mm > FHEPEE
1x107 - B 7 BAWERIE BB SR 20 RIVAE - HAMEFREMERE M - #EhIEs
Z BRI B BUEAR /DI 3 R BB R SERERTY 23 /NEF » BRERRERS 5 30 70 - [E25
BN EE A 4 5 -

B Szl EHR i B A 2 WA R RSt SRR SR 22D
AR EE RG> SRR EA ZERMRIRE R A SdZHRE 1IGS TRAERRIR a8 M
BiE - EREGUEHERRIZ T - RETEERRZEERZ LSRRG EL
fat% > GF& 2 BARTT AT HE A 2P B, - B Szl Z 8= rT L A GRS
#IT o BT R THZ BB ERE TR E

C -~ D~ E &R FZRBL T B =55 ~ DU ~ N 2 R > e
SR RAMHE R TWDI7 2 5 ~ =FRINUSHATRERRE - FEERAIER -
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#7 B~C-D-Eayflshif i & &

TTpN—— )
N Eg(’i m)iﬁ Egg/:i | AR o
B 5 10 50
C 10 20 20
D 20 40 5
E 20 40 3

C SRR Pl 2 U B B &RAHE - ZH RS RPEIE © D~ B 40
Z PRI A] DUR MR e B B - SRR R IR IR E Se et & (E ] -
U Z BARZR AN

28 B~C- D Esf#lgtppiA+E &

i &l
B C D E
EEIEEEAC) 10 15 15 15
[E R S 2 =>4 =>4 =>4 =4
AR 2 AR =20 =6 =>4 =>4
BRI L8 =3 =2 =>1.6 =>1.6
R RIS =23h =4h =60 min =40 min
PRER PR (s) 30 10~30 5~15 5~15
iE 1 ET AR R R AR - R S R R A RO R PR LRy
EHEREE -
AE 2 L BUHBSER R E - B RBaast sr BdS 245 R SO Ry B -
iF 3 BUHBRER R = 1.6 - fEERFHAGEURIGIE  Fuh 2/ VBRI —IGEE > Hrp
T ROHIEBEE R /DI SR BRI 60% o
af 4 BR AR ELE i E T A R G BRI S - TR o HE
JRIHR P RN (BT 552 TR B Y 25 RS BB RIS R AT

C ~ D ~ E SRl B SR A S5 ] SR S R BRI (R s I HRES - (ERR4CE AR
HFIRVEE EALER T AR - AR Z M E R ] i E B E T
BIE - TR {EHZERIRER A ~ B SR hlRE AR FAGHEUIEEE -

FEF R BRI ARARIZ T - 75 #E T E R R BRIt DU RGR A G = 2
% G EERRIRHE A 2SR - 41-F-7 00 Ry B B8 (S NI P22 ALY
WM ER Sy o B R NP iR RS T EE REUNE - HREA
AR PERIREZ AAE ~ BEEESOT A TR RIS IR R S B R Y P 22K
H o
3. Mg R B RE M
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R RS B ENRE B (NRTK) &L & P i E B S A& - NRTK Pl
BIREREFHIT F—8 ~ 28~ ZSKIEIR - #FE0  NRTK S E AR & F5H
T3 Ry FH NS D -

BRI NRTK HYAAEE 2GR EBR A CGCS2000 » #0573 i (R 8 P A 24k
Py Al AL 7 S TFBLTITFT S CGCS2000 AAMEHE A 28 45 2 7 7 AR A 2,

FEHEFT NRTK Bl - B 2R LA G R ZZK » FERIA 15 2
EHYE—ZE Z (B GPS B 22 B HZE/V Ry 5 B H PDOP (HAGARN 6 -

%9 NRTK * %8 & + & £(GB/T 39616-2020)

RS R AR (A 15°DL_EAY[E— Z 40 2 E PDOP 1§
RA4F =6 <4

AT 5 =4 H<6
A ] H <5 =6

FHEZ A B M4 0 BR T o-GNSS SNENI SR E(IIA 15° - GPS FHEZE/D
5§~ PDOP {E/NY 10 ZHTE » Wi 2 HLE & BT - 1 GB/T 39616-2020 1£ NRTK
{EZEHF PDOP {E Y ZKH: e-GNSS &%

NRTK {6 [ 7 BRUSC H ELE AU 8 ~ RARFIRARELE - B ML - BB RS
P o PRI EAHUS R RS IR BRI  IRF AR ZBREEOK -

# 10 NRTK #1z &k # & & £(GB/T 39616-2020)

JEAY SE AR (mm) SRR G (mm)
Rtttz 10+2x10"6xd 20+2x1076xd

E L dBEFARRE - BALA mm

FHEE Y e-GNSS FME I EF EAY/K 457 E 10 mm + 1 ppm ~ SFESTE 20 mm +
1 ppm FEEHRIED > NRTK ¥R ERE YK (10 mm + 2 ppm ~ 20 mm + 2 ppm)
B e-GNSS » HEEZRIAK -

NRTK PSR i = sk 40

2 1 Fw o« NRTK 2R & AR 0 B SRR o HIRG A SR E o s8]
2 B AR ABEE B A HLOME RG> R a St i -

# 1 NRTK T & #2410 £ $i5& £(GB/T 39616-2020)

R FE AL AT PR B PR ERMHETEE | A
—&K =500 m 5cm <1/20,000 >4
—4f =300 m 5cm <1/10,000 =3
=K =200 m 5cm <1/6,000 =2
] R =100 m & 0.1 mm - =2
WD - & F 0.5 mm - >1
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st ¢ PRSI ARG R ] da e =R T BUERY 2/3 -

NRTK PG ERS - FEnE e R ERETR K - A 7 AR U 51
Z CGCS2000 AT Ry s i AR 2y AR « 12 O AR (A - o] DL E
BRI EAey 2 8o T - 109F CAIEHBIRIVE L T - o8 3 E2L B Am
B e AR AR R E By 25 BOR A S 8 RS A 591) 2 om Hig
RAARH R N G- PR HERS BE RS IERY JT /A #ETT -

PR 20048 0 2 FGE - e-GNSS BHREN E 12 i Bh (e B (i R BEEA AT k5 1
Ayt RN GG ESN

F 12—~ 28k~ ZERIEHIRL o ERECK ZRAEN 0 e-GNSS BRI E R
TEIEFRIE e-GNSS AT A4 » (R THLE B fF e-GNSS ALAEE LA A £ 48
O NIRRT AR B E RGN E  BEHEP P B RS
BfZekIBEAMFE R B > 15 BE/E AL NRTK B BHEE AR ER BARAIIARE -

Y NRTK —&f ~ Z4f ~ =#R-FHIZERIRCHSE S - BEIE{EE 2 2K
AW

(a) EFRIEERERT - EHET /D —(H[F SRS F R DB REZ -

BEATEGE ARG RN 7 em

(b) NRTK [ AA AR HATE 72 A 15K 2 em e

(c) NRTK BEOHIFTE EAYFrU s P IS E A AT 2 om ¢

(d) NRTK BUHEESRH =A28E 0 ~ - - BREEUAE T8 Dik 20

&l - ERERFEREA DT 2 70 > ZRNElHY-F AL 2= AT 4 cm e
(e) HUE ANl AR Ry 4845 -

HL e-GNSS BRI ZERIENT = - H Al Z M e e B R NE R (g T
Foz/b 180 {ifl ~ BRtECEREREOMMRARy 1 B ~ M8 2 - AR A A0 2
cm (FFEAFFANL S om) > 9 NRTK {ESER AL -

NRTK RS RCRIAHETT 100%HINZERERIA /D HUEREEL 10%H 5N E k]
HACKEREL VTY 30 By > A IS A1S/ D5 3 8 o SRl a] SR NRTK fa A
B OAHERIESEER R 8 AT TR Bt - PrEZERIES N E et mT R
FITHIESS RAVEF RN BN E LR - 2UEENEERAAEF A - NRTK P ZE
IR LS

2R e
4 2 NRTK = & #4824 p] & £(GB/T 39616-2020)
BRI FERX ARRERSZ
LR | HIFEREREE | BREEN | HETERE | AERERE | AR
(mm) ¥ RAE ) ) (cm)
—&k 15 <1/14,000 5 <14 5
R 15 <1/7,000 8 <20 5
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=R 15 <1/5,000 12
&l R 20 <1/3,000 20

e-GNSS JRAUE R HIFT S48 P 225t R RCR AR FH B - R SR M T T T B
Mtz > f RS S MR I P A R i R G T RIS 15% > 5 &
Al 2 BB/ NFL 10 i > AU B il o dEfTREREteo s - SRR Al
AT R Z B 2 BELLE - HEEIRFEE A A © e-GNSS Ml gAZ 5 2K
W% 3 B (i B B M04E b bk B T 2 B 22 B B AR E (i S SR P2 A
EEFETM) - BRGNS > e-GNSS Bl NRTK fEfg HIF R T HEIFYZFRAA K -

30 5
60

IA | IA

# 3 e-GNSS = Pt 4 & & &

R R B BT e 25 3R
A THEFE A=
=500 m =1/20000 =20"
=300 m <1/10000 <20"
=100 m < 1/5000 <30"

E)EM

BN R AR NSRS B IE Rt (RIERAERYIN G ) 4HERAVIEFS - R EUR <
ERET  BINEEINBUNT Z 358 - ABHFE R 2 30 » ICSM (2020) Ry FL U 21
TR 8H ke 2 5 B A 2 Bl B (& 2= B g Al > B Ik FB L F 5 Queensland
government (2021) Al 5 &2 1B M (Queensland) Z JNEURF L4 - 2 LL ICSM (2020)z 5w
NG

A EH B ~ RE 8 - BIHSR 1% - AT E A 2 fiosE44s0 K HEEE
o L1 HANE  F-EEEHETS (Introduction) » FUAS (2 FEELHEH] > DL
FAH BEAR #3225 3L (Normative References) ° 5 5 RIIFCHUII & A I 2 FE -
DS BAELAE 7 38 h - B =25 By GNSS JHIE M » /7 siaFREHI &= (Static Surveys)EiH]l
55}l & (Real-time Surveys) - ##i GNSS ez ~ BUATZ ~ DUREHRRE - U
GNSS HIE Z AEE MM » MBS T2 E0 7y PAERETRUIL - 55 18 St RN GNSS
& R FEHAMELL R R - SBANEMIYE AUSPOS 241 » s 248 AR BT
= > 2t GPS BUAIEHIE R 2 AR -

1.7 P i [ B PR FH 2 S A B fif

RS LAFEFHIE Ry s E - W& 7y A AE E #2H & (Datum Definition) ~ &
A e &A & (Datum Control Survey) Ei—fg#2e%HIH] & (General Purpose Control and
other surveys) ° 218 GNSS JHIEFRMT - DB il > s R AR HEE S Ky
et > BURAOE 1o ASZ LA GNSS {EZE Ryfth il i fE - S 4R 2eilhl 2 A EE S E SR -
A5 | B HMSEHE - EASF - 5[ THIEAREEE | (SU, Survey Uncertainty)
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TER I 8] o 3ef By

® /K3E<I5mm > £&fa[=<20 mm ;

® /KE<30mm > £&fa[=<50 mm ;

® /KE<40 mm > £&fn[=<60 mm °

FHEE 1 Fr5lz GNSS & E iz il 322 Ry fE e iy )7 =0 B B E {iz(Single
Point Position) JL4} - 74 GNSS (Differential GNSS) 245 LI BB #E T2 M ERE > =
HATEE SR o it 7 mEZSr GNSS 2 N2 Hiffy » JrpH =5y - HEE

TEHE R AHAL o BE2:#E 15 RTK(Single Reference Station RTK) &{# 4% RTK {EZE T

2\ AHESTERYZ 4% RTK (Network RTK, NRTK) » EokF 2 AH¥E S Y < Quick Static
Rl Ryt iR As G (Rapid Static) » Classic Static Fy i FAVARREMIE o AMEAEHYE Z AT
o5 [ EsEET 72751k | (Continuously Operating Reference Stations, CORS) » {{cHEHH % »
7y Ry =2 » BT NI A SR #EIE - (2 ICSM (2014)#E#

Bl 1 GNSS i £ ##5(ICSM, 2020; Figure 2)

F£ ICSM (2021) » PPP #HEHJTALERT S T EIEARR » Hamaior s Fy
" 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. ({H& » EIFEIE 2 BB EAL
(PPP) ~ EEAH 7= 70 N1 BB E L AF PIRYHR EE IR e ff A 288 F e B A 2 - Sz FLEE o
TAYEEEHVEE - ) |
2 M SE

ICSM (2021)EHFIAHRE  MiaGE - B & B 2 B

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.

HHY IR A e — (i R RSERVIH E > ARy T IR S
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(BIPM, Bureau international des poids et mesures) |V EHRHE X HZES » §

HEMIEAMEE TR 5 < BIPSAR# -

PUR BOMNIF I E 2 FE#E (Standard)

ICSM (2020), Standard for the Australian Survey Control Network — Special

Publication 1, Version 2.2, Intergovernmental Committee on Surveying and Mapping,

Canberra, Australia.

HAAE A AHER SR

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.

B W AT AT F-ilF(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.

B = RO S

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), AUSGeo0id09: A

more direct and more accurate model for converting 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), AUSGeo0id2020 combined gravimetric—geometric model: location-specific

uncertainties and baseline-length-dependent error decorrelation, Journal of Geodesy,

92(12), 1457-1465.

FRE M S RRISIER LG [ f (e B8 Ae & m] DB SR B & n LIRS
MMsEE I o] AR ARGE A Se BN # - [ENF - AR e 2 B - TR 4ERE ~ BT
EH - BT EGER -

3.fas ~ BT ~ BN RIS ~ HUBIAAR A e B ] 2 PR S
38 T HEAEER ) Ve £ T KPE<1S mm o 2] 5<20 mm ; Bl TR

52



SERTT ~ B~ TR BRI - I5R0E - SEUERTE 2 ASNE TR

<30 mm > SfAE<50mm | F T EE SRR EEE A - 15 T KE<40
mm > #{0]5<60 mm 4K > HIl S FES | BB BURIEE 3 (2 5 =X - SR ICSM (2021)
R NRTK R T 7KE<15 mm > 28fe]5<20 mm | B T 7KSE<30 mm > £&0]15<50
mm | R ZHEIEE - AR NFE 4 -

204 3 e irdIm RE R RRIET LR SR

SU

7K3FE<15 mm » 240 5<20 mm | 7K3E<30 mm » 2&{a]5;<50 mm

TENLFM HLEAFRE (EEGES

PREEFFRECELGRIESY 10 km Hy)

&

GNSS  $z g | S50 - a] USRS L | B0 - o] LIS R RS BLAH (ir

GNSS K& | Jit B K 4R (Choke ring | JIEIRRLR » LUK S b = Hill

antenna) ~ 3 2 FL A 6 AR | 2 - SRR - SRR
(Ground plane)#
DUR S B =4 - =mAkk
FE ~ SEE L ES

&

BB R | 6 2 24 /N - (ERERRTET | BATAFRE © 1 2 6 /\IF > (k4R

TE REME > FRIZEZD 1N
BN 1 km > BEH0 S SreE

PRRRRAE © (RIGRE S RS PE TR it
R BTN 2 AR
REIME > RERR AR A EE

b

e R HUBE AT | 30 Fb EHATRERE © 153070
eSS

TREEEFRE © 5-1S B

PR 4 LISL > MEESITEANHEASEHEE S ]

TR I T AGE R (Independent occupations) @ WISEAT =FIZE | »
RIfEIRE 30 el BT RS B R A -

B EA = EIEE AR E BZE [ (Elevation mask set to record down to zero
degrees elevation) « i5— B8 F AKRE » LU PNEER(1994) - A& R EI
b - BB L FrA T DIBIHIEIRVE R - —32E0H -~ &8 - EAFREA
TS R RS R A S a L A - TR AR PR BRE fify B sE B A
REIHVEET - E—REETER R /40 2 RIS EhREE U R aVFLE - (A T HRNE
RS -

KA EHHEEE R 2 5 8 LIN (Antenna orientated to within 5 degrees of true
North) - BIEHE & Y KM AL 5088 E(Antenna phase center variation)fift
WHE - Bt E—ITHES GNSS HIEEH I » MnwnE~ 2ug 2 HIF -
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B2 TERENEIEEHEAE S » EH T /KE<15S mm » #{0[5<20 mm |
FIRFOREH 1GS 2 NGS HYREER « AIFLE " KFE<30 mm - #fa5<50
mm | FE - A] LAEE RS R R A R AR -

® HBSOMAAERT » /DB S ARG o 5% WG R R A BRI & A
A EZERIEE R RI 13 2758HY 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) -

AT T 7K E<40 mm - 2840)75<60 mm | 47 GNSS Efirfilr - fEH

2% RTK » BgERE RTK (NRTK) © ERIERlT - A& HUgeian T

® BRINER - EEAH o ] DUBUHIEERSBLAEATL -

® R4 [EENLERSEIE AR AR KR - FEEnG{E [ E & 2 HIE
5 » SR EE2EBipod » WIF4E) - BLSl RTK 2 Lk (E]5E i) FR
S e = RIZE = A B EE e - AR 2 2515 (H A /2 NRTK
5 » RTK SHIEAYAER—EME O e/ ME 2 ih 2 RS A S R -
AJ LAE B A AR 2R SRR - ME DARFRE B R 2R
GNSS & ~ ¥ - A #E A -

® XMEILEBIIHEEAEMNX - HkEE/) 30 735 -

® HIILRIEHIGFHERE  [ESEEREaE% - IRRIER R E(E K
%> ECSHUIBE R 1 8 > BT -

® S BULMIRENLAVEUAE Tl sk 1 R4 GNSS BHRLIELL
BERE I > ARIZOAE R -

® S EULNIRR BRI A MEER © 15 -

()4 PaTd

S VE B B R AL R BUHI B85 212 LINZ (455 & &S > Land
Information New Zealand) > HFijjifTH 2 GNSS fZEH A& & £ LINZ (2012) - [4]
0 DABURFENITES - B3 NZIS (4 PSR EERR 5 » New Zealand Information Service)
2 T —{7 NRTK fYFE{iaiiBH NZIS (2017) -

LINZ (2012)fF H#k1% » SefflliadBlE s - At F—FHATE » R
EAR M2 HHVE RS » AREE 518 BRI 2 B AR - f5 7 B Al
(Standard, guideline, rule)Z'E 75 304 - 55 & Ry A EAE(Survey Mark)HiE - B &R
BT fae BERE I A ~ EEITACE: 2 Ak ~ i ~ w70 - F=EENE
{527 AT 251 (Reliability AL 1L EL A R ~ FA » BMLERSS SO PRI
¥ ERRCRERTEEORAY - B DIREZAYEE - BRY IHRRESN - JRAEZE/ MR 0.05
m o

VU Fy il & 775 (Survey Mark)#E » ZEZE » FLUE " FTA NS A
GNSS #fii7 ; (All survey observations must be made using GNSS (including GPS)
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SERTE ~ B~ TR BRI - I5R0E - SEUERTE 2 ASONE TR

techniques) - 7E{EZE 70 » ERVE & EF BT AW ZOET L ATEDH - S2CEUHS
REMRERS  EA%S - BB EHE 2 MR ERE 20 Fy 20 7788 - 5058
HHEE » BRI S 5 0 T S B B MR AU A Bl 4 5€ (regularly calibrating and checking
field equipment) > {H2EZ2E T B IE | (A “Site Calibration” should never be done as
part of a geodetic control survey) °

BUHITT=0E LINZ (2012)3CFHf » L& Af#RREE RTK - B E A 2 s 2 A A -
TERFRE T B DA EERRE =R T - BURIBRER R T ME A D RER AR - S BuHl
A5 B 10 434% | (For rapid static surveys, ten minutes is considered to be the minimum
observation time required to active the accuracy standards) - RTK 8y 5 =FE A 237
EEERNRHESENEER S » B {ERZETINE - MIEAEK - LINZ(2012)4¢
HETZEE - fEE - FE 2HE MM T ZEHEERZEE | BEOK - 18/ LINZ
QOI2)HY 2 &tk B4t » TR EE K Z S | B st ERE  HEANBEER
BERE JHARESS » A RREECUREINIRUE © AL > LINZ 2012)fE 12 J7 /A8 77 AR
AL AR AL

F N A SE R T fR SIS 2 3L (Survey deliverables) » MEH = -
BEERHE (Mark data file) ~ [A] 2 1E(Vector file) ~ JHIE # 5 (Survey report) » Z57NE 4
A2 A] 527 (Optional deliverables) » €15 BEMFEGRG(L - SHH E SR LA AT 5]
R 2 MR~ [ LINZ Q012)8542 MRS =0 - BT RGO -

4HPE R (New Zealand) B2 EREE —(E £ A " B8 A4 | (Time-variant datum)fy[E]
% ENEBERITRERENE & (FH 27205 " L E1ReE4E | (Semi-dynamic datum) -
TR R ANLE - A GNSS HIENE & - A& T B LAV ELE -

TE[C] AT PE R GNSS PEHDHIE AR HE 2 7 BRI E S NEEHIER "%
JEERAEHIR/ 4G | A2 & - BEA b SRE RGN EROREE - EmiRE
— B RIAVREO T I S B T IR =% % rE AR
AR — (Bl Z R ~ B e AVFEFI4E4%E - FE RS 7 (EARR T A HEhI48 b 2 Bhfr - M
SR~ HARAE 0 DUREE L ~ TR ~ PR - FHEE o et - 1M
TEAI T 2R - Z2RBFTRRANET AR " BEENA - BHE ) - (K
G NIPEEOETT 2 MEE - TERREE BT TSl J3fE - BbA 2 EARIEGIES
TR -

TEERF T EBEA - BIE ) Filo 2R JRED T = A= BUTESERIRERT
TE Ry By " EAE | BEE R/ DRy - LB S » TWD6T BB LA —([E - B+
TERIBNTESR - SSRGS ~ T AHBEEMARIATE B o S PaREERE ALY
BB TR S B SRR - AR S E =Y CORS 4HRY - (KR > DARF
SRR - ZEHIRHIS 8 A IER =4 BOVHA Y - IS » DU R
EERNRTEI G MEIS B LAY B e B E i - B — 230K FREEZER )
AEE S ~ BURIN AR S AR E - P - i@ 5 BRI —4% ~ 4
=& Uk o PEFRIRGEHIEE - SRR T o (AR RIEGIAE - EE B
H " E#fE ) (Campaign mode){EZE < JRR > FEHEIFZ] > AHERHIE TR IR
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Mg - EHEFEEFELSEE A NN - HEHEBIENHEAZEFR - J7 2201 -
(FE T EERNZE - A 2 ahihlBt/ad 222 B SIS 4R
B - SFEINE &R BT ERVEM UG [H > AHEE R R &Y o B
e " SR IIEL /A4 | B

S E M S o PN RGNS - 56T AR EE -
PEEHET 2 MEE - FRERAESREHIENIFREK - (B8 - BREIVRESLE ? XA
AT BRIV ITZEE ?

LINZ HETEAZIERTA — » ZEEHIRE 2 HIE - T4 PositionNZ CORS 44 5
FFEEN ~ FHHE - B ERoH 2415 - PositionNZ CORS HYZETEER FH o 2 Ft
2o BERFE R > DUBK 2 R A ENE R - — ~ S EGIR Z AL IR R
PositionNZ CORS FfEH 55 » & H NGA (22 KHEZIE » National Geodetic
Adjustment)f2 /7 51 NGA 7 T2 Ry BT SR 2 75 5K M E (Scott King, LINZ,
A JBEEE > 2022-06-01, 06-02) ©

(L)%

E R HIEATEE & (RICS, Royal Institution of Chartered Surveyors) » fl 17 %
1868 4 » J& DABEE Ry At ~ MBS BE N S (E R R E X AP AR TS & & ERVEIL
BCEEES(HEAL T » 2022) o ARHZERT SRS GNSS HIEFSRIR1 L RICS Frds
FT(RICS, 2010) > 557 TSA(2008, 2012, 2015) =773 {4 » ¥ LAZ5REH ~ #€5F Network RTK
B R NERESEEE B2 IEAHE - TSA & " HIELHS | (The Survey
Association){y4 55 » Hh—4H4% R HUHIE A SR - RICS BiBHENEE 2 M
ERAEIAE ) - TSA REFMEENZEY " HEREEEA Y, - MEEEHELS
TE » HE8ET 15 TSA 2 HIEH#4%4H (Survey Liaison Group, SLG)EiL RICS [yt HH 2% [
J# (Geospatial department of RICS)(Murphy, Susan, 2022; {fi AJ#%EL) -

RICS (2010)A3C 73 Wi K ER 7y » 55— 77 FyTEFd(Guideline) » 55 —H 77 RyFila
4HEfi(Technical commentary) o fEARSL Z 4k » [t §% 5 55H AR S -

FEFE A& =% » GNSS AYF(The role of GNSS in surveying) ~ GNSS JHI&E 04
(GNSS survey documentation) ~ GNSS JHIEFEFF(GNSS survey operation) {4 &n §
% E > K B GNSS & 7574 (GNSS survey methods) ~ {F 2% & (Operational
considerations) ~ 24 fE £ EHEZE(Co-ordinates reference frame) ~ [74/& Z51H (Quality issues) °

RICS (2010)Fisi s < N Ry LA GNSS HETTHIE 2 312 TAF - A S dil i E By
EOHIE - DUETLZ BV S » AU EE R EREE RS - RS - 3
iG] » 17 = (Preface) 57 HTHIE TFA TR ZAKIE L F5 Fd(Members are not
required to follow the advice and recommendations contained in the guidance note) ° [f]
BENLIESIEZ HEY - AR T S E85E ) (Best practice)225 « ¥AHSEZ HIE &

=5 BEATFEEHHHREHS 1% » IREFEEAVIE TIERCR - 413553
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ME SEZHRBHE - 2t T SI5 ) (negligence)f5ZElF » AIRMEHITEIE Fyid
BRI AFYARE LB DR L2 R 8 B —(EE AR fREE
GNSS Mg ME TIFPry—IH - NIbHERRAR & BEr A 20 > FPE 8
HAZIPO: RISC FrdgfT~ &HAHERT - ZROHE TIFHY " REdcE ) - WIFEIRE—
TEFA (A DUERL - TRIRERIRIZTE R - [Fr] DI R -
£ RICS (2010)1y 82 EXX - - A&+ B ENNE « FRHEIAHEE - 735
AFRE(Static) ~ BR&(Dynamic) ~ H[IkfE)7E(Real-time dynamic) » BHHR] N XAKIERTRR Z
T oy B0 FEfRas T A PERRAE 3 5 15 55 (5 FH BRI - RICS (2010)52
T — SRS HVEARES: - 40 " R/ VEUH 6 2 - GDOP {EE ARy 3 ~ EEEE
BEME R o TSR B IEA EEARN - O ~ =6 L R REDANERE -
[EIR - $HAFESIATESE - RICS (2010)f2 6t TR EAAVIER - LUk A Bl
HFRA4 Ry M B 5 R (Control survey guidelines) - E1& 75T » A 15 R LR IH N
By o MEERAEE 2 SRS B R ila dHEn 2 AR - SERRRZ R o IR - R
HIATR
. f5F8:
Fra RS RARZES] S 2D 4 [EPEfs -
All surveys use source control; it is best practice to use at least 4 control stations.
aitEA -
18 W BE f i R4 IE I THY GNSS BE(COGR) » 48 HH B SR 4g P o= P
GNSS e (IGS) #2ft - 55— & BT AR - AHE R COGR =
HEARIETEN - 503 - nJDIEAEEHEEE (PPP) £l -
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. Alternatively, the Precise Point
Positioning (PPP) technique could be used.
S 142,72
2. f&F:
2] FHGNSS AT 2B A S M [ e 2 BN A AR
Control to transform from the GNSS coordinate system to map projection or survey
grid.
A
GNSSHIE R GNSSAAEE 2 i E{ THUAEAS T - ZRR IR By i s [ R s Bk
W T Z AR A » RIE > FRERIEEGNS S A 2 FI B e 2 AL AT 2y
HREE  SETEGNSSHIERE o E1iE B A TR E 5 AR = R A
E RIS -
GNSS surveys are firstly observed and computed in the GNSS co-ordinate system

and then transformed onto a local map projection or grid system. To do this we need
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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.
S 6.3

3. 8@
{E TR EIH TS AR -
Use stable survey markers.
aitEA -
GNSSHIE 1] IFAH & R AVIEREH B i =ia A E - R E AR E R E
T o FE L PERREH B ARSIYAERICS S T 1:500 5z ORELBI -3 ~ iEEEf
SHEERAE ) AR AR - I H AT DU Bt AR S Rk
F e
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 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

4. f5F ¢
PERINRBEREEC YA RAF 22 MG R -
Choose control station locations where there is a good view of the sky.
aitEA -
BRI R AR A BB SR - BN EEALS EHlEkkE
Py o ZRIM > AR - AR A A REHY - BUERAY A SEE Al RE & 2 EA AR
& - iR R T R (SR e b - (NI I Re B R R & -
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.
S 52,534,731
5. 5@ :

(i FAFRE S U AF SEGNSSE A I 2 757k -

Use a static or rapid static GNSS baseline survey method.

st

VERDAIR B " AFRE ) B0 T HRERERRE | AT (PR AR TRAEE AR (5
NATRE AT AR ZE FIFTFRAVAERE) - 1B LefE e 7= n] DABHHER & F A R VB
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BORRGRE) - HICNEFERSRERE TIEEEES - e RIEVHIEETHE
T LEREIRSFERNES > TR AL - RPN R E 2%
il o
The control survey should be undertaken using ‘static’ or ‘rapid static’ 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.
S 142

6. F5FA
IR EARE ST 2B SR EE -
Use the precise or broadcast ephemeris according to accuracy required.
aitEA -
HNEEERRKZITIE RS EE - S0l E i 1 AT Y
IR EEA[E o A5 R 1] LUHPRE R B S TPy - W APEml A E i gt 5
EiE VAR - BT B R B R - D A A EANEGEE EE
FYLIRE
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.
£ 1421

RICS (2010) 2 NEE & 43 2% Z4HET > HFEH GNSS HIE 7= SELNHECH]
hp e R FE ELEL SRR R S Bl (% » S5 A TEM » IR TEPFFE B ——5 TR o (HEMHE
HAHERY > RICS (2010)72 %N & (5 FHRF AR S DR ERAFRE GNSS ZLEpNIIE 77k » Aif#

FIMTERE -

VB E R

HIE MBS HAVENESRNERR - BEERITIER - ESEE e lE
AE o R E SR AR - B0 ¢ R DI S - S B AU RS
i/ VBN ERE ~ BASKAE 58 (DOP) ~ % - BEHY ISR R HYFE AR - BUK
PR RRERA I TEFE IR EOR (UG ~ AERGE) - snl BAEPE > BEpInR 15 -
FHYE OREE 2B -1 H (2 (2020) » FEZERSIT - EEERE A ESIIAR
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— LAY TR B - SR Y » SRR 15 ERIRERI R
G » NG TR Ry BE bR » 3% 15 #E T ERRE (2020) Y EUE B 5 Ry © BRARHIE
EHEEREAE 10 A EEAERTEN > R —& GNSS HIEHERA 2 (ESHRE 3 E3H
FAEITEIN - SR R — R 2 RS H R E - TPEIEZ AL EHZ 5 E(2009)
BUERER R - FHENE - EREH R B SRIZEFIRDNE - (8 SEPRales - hitEe
BRVIESR RV B 5 8 - sV IE R E 2R E U - PRIEREE(LEEERA
(2020) Ry NRTK M& - 1FHLR © MELRHY R —8CPmiZEhRHE - (A
PEUTHE © LINZ(2012) 15585 © MIEARAY Bl mlBHIE - Bk 15 ArylEiE
PR ED - ZOR R EERIZERIREFTAS A - RICS (2010) 82 2 (o FI AR AR PR
HRAFRE GNSS ELNE 774 - WEREEERE - & 15 1B REiE R (5-10mm)FFRE
Al -

BRFCHIEE LG Z0 > 3R 15 TSI FHIHE » R RICS (2010)81 > $55EER PPP {F
JEJ77A » #ENIEK NRCanada (2015).Z BIRFEHRE s S8 BIRFENRE(RTK, RTN)F-iit -
A A - $t3¥ CSRS-PPP Jfsa 3 «

% 15 30 Ll AR
X i/ VIR B RRBIEHE: | VBN | SRRl

ElECA) HEHE | PEE

Bkl 120(77§#) 30 5 SR
F7(2020)
aETE B 23(/]NEF) 30 4 feH
RELE
HEES
(2009)
EHETETEY JrERF JRERF [E—Z% PDOP<6
LT i 2 (EE
HEES >4
(2020)
ICSM 6-24(/ NI ) F &R 30 SRR D JreH H
(2020) RIS
LINZ(2012) SRR D AR D R D deA A
RICS 30 A E>2(/NEF) 15 5 30 >6 GDOP<3
(2010) 50 AN HE>4(/NE)

100 25 E>6(/NI%)
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GNSS IS BEHR RN 7% » Koy BB e BsEE Efr - i 2@ Er
FofrE T oA VBB E , (PPP) L - [EMEIEAF it » BEFFEE - fhE
REVA ~ BhRRL ~ RTK ~ 484874 RTK » 7F RTK BA4g45 A1 RTK HorekdE DA% m B 7
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HEFZERH 2 BRERE - PPP > LHEDIREE T UET ZFFROHIE - SETrIRA
= BN AFEHIEDA S AT a2 Rl o

HEDHIE > % 2 2. HI49 A GPS ~ GLONASS - Galileo ~ Beidou 2Lz QZSS - %
B R | /2 GNSS f#H2EH ﬁu%’f‘éﬁéﬁﬁ fﬁ,l A EEANE NI 2R ] RS
INE R EALIE BT SEE 7 2 4 o ZHEREEG T BN TES ) Mixed
solution)dy757% » JREIS 2 27 7 U?@ﬁﬁﬁmﬁ%iﬁﬂi{ LR S PR EIfEE - Rl
AR T EEGET B T 455 (Integrated solution) J7E( » FHE-{IE & 2 €15 PR
MEHEFEVE B FEEELAMNERMVEAEE 88 " 25HERE (ISB)
WMEKIE o [N ISB {EREFREE 2 BERE R ETIM A Z2 2 > [RIE > IR S
HeA[E - ISB {%J?E[JJ:XI_J(Ha *kansson, et al., 2017; Mi, etal., 2019) - Elzlil:l:iﬂjfﬁ
ez g as RS BT as ) (B P > 2020 ~ 2020a) 0 2 —THSER - H
GHE—LEEYI AR #E -

VESERERVIEE F > s DAREZ 2 (E BRI AR ~ e/ VBRI ES R ~ BRI
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