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Table. 2.1 Standards for Hydrographic Surveys

Order Special la 1b 2
Areas Areas
shallower
shallower
than 100m Areas
than 100m
where generally
where
Area under-keel deeper than
under-keel :
. where : Clearance is 100m where
Description clearance is
under-keel i not a general de
of Area less critical : .
clearance considered to | -scription of
N but features \ )
Is critical. be an issue sea floor is
of concern to :
for type of considered
surface
— surface adequate.
shipping may -
: shipping may
exit. :
exit.
Total
Horizontal om 5m + 5% 5m + 5% 20m + 10%
Uncertainty of depth of depth of depth
(95%)
Total
Vertical a=0.25m a=0.5m a=0.5m a=1.0m
Uncertainty | b=0.0075m b=0.013m b=0.013m b=0.023m
(95%)

Range of 0'25;1'0'35 0.5~1.39m 0.5~1.39m 2.51~4.71m
TVU (depth: (depth: (depth: (depth:
(95%) DHL: 1~100m) 1~100m) 100~200m)

1~40m)

Range of 0'13;;0'18 0.26~0.71m 0.26~0.71m 1.28~2.40m
TVU (depth: (depth: (depth: (depth:

(Lo, 68%) 1~50m5 1~100m) 1~100m) 100~200m)
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of dref] FoS9= A4 2tio FAVIE ol & FAT AHANT
of st HAHY AHAE A WHOE AAZE AHRT

3 SRS ol g3t AP AHHE FEe] 29 Ha

s §4

B

—_ L

=
=

32 s

GPS 9144 &2 Table 3.13} o] Ht43u(carrier), PRN(Pseudo-Random N
oise) Z= % 3 W A X(navigation message)E Aoz 215 tHHofm

ann-Wellenhof %, 1997). &3] ¥ta= 10 B9 235 W=E3 7| E+3
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F(fol Melse] axnE Hashskr] 98 22 1548, 1208 S743k 1.57
542 GHz Wi 9] L13 1.2276 GHz the] L2& o] Foj- Ao}t GPS dHl
st Alge) wet HZ L57F F7HE A

Table. 3.1 Signal components of GPS Satellite

Component Frequency (MHz)
Fundamental Frequency fo 10.23
L1 154 - #, 1,575.42 (=19.0 cm)
Carrier
M 120 - £, 1,227.60 (=24.4 cm)
P - Code fo 10.23 (=300 m)
PRN - Code
C/A - Code £,110 1.023 (=30 m)
Navigation message £4/1204,600 50 - 106

el

PRN ZE+ 03 12 749 23, 03 19 AE7F v2 o micg 6
Fute] Y& Fig. 323 o] W3l At IZE=E Table 313 o]
C/A(Coarse Acquisition)®} P(Precision)©. 2 &3}, H(chip) & Aol= &
7k oF 300me} 30m o]t} o]9} e FT Aol Aol oAAE HE AHY
o 9FgE vAH CAe ¢ 3m 283 P-ZE=E oF 30cm FFEolth
C/A-Z=% L1 183 P-Z=+ L1 ¥ L2 Higsoe] WzxEo AFs.
wetA P-ZE2RE 2709 AAY7E ASE 5 o AYsad =¥
37} 7hsstel o A &gk 947 Zhssith a8y 53 22 GPS P-
ZEE FHAS] MM e ke SASEE TV Aol Hastt

ZR

rr
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e AN /. Modulated
"/ vy carrier

Fig. 3.2 Phase modulation of PRN code

G AAE LL L2o] zso] A5sn, d49 A=gn, AA B3
A, Ae% BAAR, A4 A0 o= B HYSe) tF A= YuE
EF33 Yok olEL 2549 ZaAYoE FAH gow, 74 ZAYL 5
Mo MEEZHPoz FEEHIT ZF AHZH AL 08ER] 10719 do=
)% gtk HE ho M2 Zyddel e FARAT 4uA st 5
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33 #ZF}

GPS 9182137t 21716 M| 742 s & £
Z o7l MR o5 ok WA ald wek 914, FA7], AEA

3 AE=Z o3 2o & Table 3.2 Zo] F+&& 4 Ut

o

Table. 3.2 Error sources of GPS measurements

Error Sources Details
Satellite clock bias, orbit uncertainty
Receiver clock bias, antenna phase center variation, noise
satellite Signal propagation | Ionosphere effect, Troposphere delay, Multipath

331 fid L=

APAELAE AFHAE A7 FRHAA F& W<EH(broadcast eph
emeris) § HEHE HFH= Ao BAdAoH FHSH A AEA=
=4 7hsshd 71d%e] F7hgkel wet

w$e FNH AP OE AAA Hrh o] A AELAS] FEFES Fo]7]
< 53l AlFsl= LA EE (precise ephe

meris)E #ZAE Ao AbEsfiof gt} o] ®A2 GPS-PPP S oA =



3.3.2 FAI7]1 A

FANAA A Aol TR FASA YA ARG HGAA
£ AHgety] wEel 1 377k Ao W ach HYAA A s
of HW$ $5F UNAAT ALT 5 AW FHE, AFAAE Aol
WS Hs A7) ARgElAle] MEEHOR, AABRZL FolA ATA
o% #gd 3

a
g AAL F don, AiSHdAs

FAEE ARel FAY FAHAAATE HH. shARE H44 A=

=93 FALE FAHA 7] Wil ey 3AE Wso] W Eol
TG mEkA o] wAle] siAS fsliAE IGS 52 NGS(National Geod
etic Survey) 52 Zg] B g o] (calibration) =¥ S & -&3t}.

of

FA719 AL Zve) vyt wiel g =24 vEely &3] PRN
o] Zole} wigyl wAto] 13|tz YeElUH AA= B7lssiH, A5E
= 2 FA3% ) 97 A(zero baseline) A 8L E3)] &9

‘|_

X

il

i
2
ﬁ"lﬂ
2
o
E
ol

+

o

A =(magnitude)®] #H7}7}F 715

3.3.3 Az Ave 3}

A @ Z(Gonosphere)e 1% 50~1000kmol] o]2& o]L3}H
713ke] Aol & FEFES VA= AR free electron)7t B2 3= T 7]
ZFolth. o]&3le] FoUUL HYdA WEEHE XA FAYH EAlo)
™, ol& Qs tir] T dAet £ AAE Folwelr] Wioltt. o]
3 A AUz dFES vA AAue dASAzE P g W}

ol
o
ft

A7

rfo

Ll
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doth 94 29457 APFS BASA A W mEvhel wEvks
gold FFL WA Bk AAE AL AUT w A5t AD(delay)

© #5 A ARt g bvE dEFS VA
EA A Gl mmEA YEbY Wl
7F A9 Rizos, 1996). Fig. 3.32 ti7]d F&o] FAHANZY vAE= &=

ZA AT

PV
o
v
©
oxl
b
»
flo
fof
i)

Fig. 3.3 Atmospheric refraction of GPS satellite signals



o Qg 7 dojus 9ot 53] o] trjde Ao s
THS Pt BE AoE AAATY A9 Fakgo] mE 9
Fe gk dFAAALS A2 R0 FEFEA0n o2 T8 F 9
on, A= Y4 =2dE A8kl 99% BAVSE $A4E= A

(Hofmann-Wellenhof %, 1997)

o374 Zmultipaths 459 AEe] FZA Qe Fuo] X3
Al % AE 2AS AFAH AANA 22D UES %

Sk oleld GFOE WASE UFAE T H2IE AAAE BS
A HAE FAle] Fal7t B BAZE s ABA A BSUEE AS
A, 94 AARzte] We HowuE S0 ox A4UE BEE

8o .

o

f

34 #=HolH

34.1 YAAE

GPS &84 AgSAL °& S271719 #4134 & +dF ZAHon
e way concept) H2lS AH&StH Zzbe] AFAAEH T

o AAE ARt AZE 78 o Aok AR AT A7 '
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Aol AYE ‘YA AE(pseudo-range)’ 2 W AAA T Aol H
TE Fote ASHTE olw AALA 99 theFdt a<ls B
2 27F HAEH GPS QAbAE] TS olE = 2(3-D, 2(3-2)37 Zo] #=

P o= e 9 & Ytk
R} =p; +dp} +cldt’ —dT)) +di; p, +dr} +dmj p +¢ 5 (3-D
R, = pi+dp} +cldt* —dT) +di, pp +drl +dm € (3-2)
A7, R ) ek s 914 Abole] AAE #= #t (m)
g ] #A7I%k s A4 Aol 715HAE
dp, - A4 A= 2

@ A AA 2R

dT; : F27] ANA 22
@ AR 9%
dri; : HFd 3t

dm; p © GPS SJAAE #E%Y] A2 24
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e

T

o

™
o
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pE
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=
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343 A¥4Ag

NRRRE o255 BEUCIHE ANT W AG-HF olgaks A
NZe 4AE AAE HolHE A4 Alsstel e 288 4 Aok
gzsmmbmed nldSLl + nQQSLQ (3_5>

A7 A, mT ne AFARAS o, wER LI BEHolE, 183

$,,= wET L2 B2 ol otk
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_l
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e
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ol
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fru

/1 - fuf

2 2 T Ll 2 2
fL1_fL1 fL1_fL1

o, (3-6)

L3:

ANA 3t fre A7 L1 L2 W F34 oluh

2@B-5)NA Al n 3 ny,7b A2 13 -1 o 4G-D3 2ol Yepd
Ao, o5 FFAFA}LIY ok L5 o] 7]Ee L1(19.0cm)<t
L2 4.4cm)F3 Boh & 86.2cmE VX FAA A AHo] Juk. I o] f
= A3 nAAFE 2As] HslA= GPS #ASTolH o EHE &
o] Z3lo] 05 m WY ALout y}sEich wakd L1k 2R 2o o3}
7F st = A w A A5 AA o] THs i

b, =0, b, (3-7)

- 26 -



3.5 GPS-PPP 9]

351 71 &

7I1gke] S 71 e 283 @714 GPS-PPK )& o] &3t AlE
"E aEY A== 33 SH7 Ttk AT S§/delA oF 15km
ozl | Higo Ao SIS Fists 45 @714 GPS-PPK 42
Z1E= AR B 714l Aojfel met A8AE, dFdEAd, Asad

2 Qs A 9X7t 21t YA ALl FST oW B
A= Wgs 7)Hke] AulZ=9] 7]%o] GPS-PPPe] M F3) Ui 5o
7bsatth,

off

35.2 IGS 3|8 A34E

IGS+= Fig. 3.49} 7ol A AA 50097 o]’ A HZ4
gAY E B3 gt N AAEES AFetar Jor, LA o]
EAIE](DC: Data Centers), 3|4 A1E{(AC: Analysis center)Z T4 %o} St}
DCE #=9 28 E FTP(File Transfer Protocol)& E3 RINEX(Receiver I
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ndependent Exchange Format) &24}¢] ©lo|H & AF3stH, ACx= GPS #=
tlolEl & Al AHElste] #2409 339 HxE AAsH, A8 FEA
=, 9148 AALA A detulE, gifFd AQ, de2s 23 ex g
< FA4std FIPE S8l AH&ASNA AlFstar Ao

Fig. 3.4 IGS tracking network

GPS-PPP Z9lolA SAAE B AA 2= IGS siAAH o AAES A
g3 RAIT. 53 HUA=H(precise ephemeris)= SP3(Standard Produc
t 3 THo= 153 49 fAAEe} AQAA LAHHE Zohsta 3l
of, gkoF 11 o] ide] AANACE GPS #ZHolEE HES: A9THE B
Zko] FasthiRemondi, 1991; ¥4 & 5, 2004).

IGS7F Al gshs iy Aa=e 873t 5184850l met JdAEY
S Adsled 94 AAa 2 ARexE BAY & YA, BHo =
Yz JRE ol g3ty A MMEH AmAT 7EF ] A

flo

2
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FZolt} o8t Ze& FAE At HlA IGS= AAAIR ] whet
27l g8 dZd =S LA FT. 241&Qltrarapid)e 3l A 7]
12 3E oA 2473, wE 2447k AR E E3Eh] Ao AT
Zgo] 7hsd W, Ald(rapid) M AHAEES AHES HsiAE HA: 1Y
o] A do] A} HF(fina) 2HE2 12-18Y A= AAL AT
o} 3o YeRd nie} o] 7M=& A= FHIL Jhssith IGS

M
>~

A= deF &35 BAS7] Yl A AT o]2F E2(Global Ionosphe
re ModeDs ®IZIRIEoNAl A&t AAZE B oA Agste 43
29 Klobuchar®t} t] Agst} HAAIZE o]8o] E7ls3slt} Table 3.3 1

GS sidAlElol A Algsts A48 A=g e HElAT

Table. 3.3 IGS precise ephemeris and clock models

Type Accuracy Latency | Updates Interval
Ultra—Rapld Obit ~bcm = at 03, 09, .
(predicted Clock ~3ns RMS ime | 15. 21 UTC 15min

half) ~1.5ns SDev :
Ultra-Rapid | Obit YK 3.9 at 03, 09, .
(observed Clock ~150ps RMS hours | 15. 21 UTC 15min
half) ~50ps SDev 4
Obit 200N .
: ~ 15
Rapid | goqc | ~5PS RMS | o | atizuTe |
~20ps SDev S5min
Obit ~2.5cm 19-18 . 15min
Final | oo | “OBSRMS | om® Y Sat : 30s
~20ps SDev L Y| Stn . 5min

3.5.3 GPS-PPP =9
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@ YA AALA 1 IGS ACAA FH AAAA L} o] &
Q@ HEF & o]FFIS4 FZHolE ) 2(3-6)& F&d F74

ALzt mAFFE st FH

Table. 3.4 Advantages and disadvantages of the GPS-PPP technique

Advantages Disadvantages

* Time delay until IGS

* No necessary of reference analysis output
station * In case of kinematic
* No impact of baseline length positioning, It is difficult to
* DPossible to estimate absolute determine ambiguities
displacement * Need to convert when using

other geodetic frame

3
nAes 33 #HE, dFEAA, A7 AAR B AdePn g

(real-valued ambiguity)e] o}

Ry =p—c « dT)+dr 2 88
P e =0~ + AT N+ 425, =9
A7V, g, | Sk s 94 Aol AaAR, dTE 417 A S

A, de ARAAD 93, YT GE B3 FLolk
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4.2 RTKLib £ZE ¢jo]

RTKLibS QIFAHSZHE HE5T #ZdolEE RINEXF 202 WHE
e L AHRE TE2ET F AE 2ZEYOE gE A8 AZEY S} &
g eZA~ 23 77X (open source program package)oltt. £3| GP
S, GLONASS, Galileo, QZSS(Quasi-Zenith Satellite System), BDS(BeiDou nav
igation Satellite) % SBAS(Satellite-based Augmentation System)E ¥t o]
Elo] ™3k F(SPP: Standard Point Positioning) @ AwW At-dti=¢ &
1EEFES AARE 2 Ao s ALgth. Table 4.1 RTKLibS & 3H
o] & 7}53%F GUI(Graphical User Interface) 2 CUI(Character User Interfac

e)?l $8&Z=2I7& YeERA A o|tHRTKLib, 2013)

Table. 4.1 Modules of RTKLib‘s software package

Function GUI AP CUL AP
AP Launcher RTKLAUNCH i
Real-Time Positioning RTKNAVI RTKRCV
Communication Server STRSVR STR2STR
Post-Processing Analysis RTKPOST RNXZRTKP
RINEX Converter RTKCONV CONVBIN
Plot Solutions and Observation Data RTKPLOT -
Downloader of GNSS Data RTKGET -
NTRIP Browser SRCTBLBROWS -

- 33 -



B o)A RTKLib 3]7]1% % ‘RTKGET’ , ‘RTKCONV’ , ‘RTKPOS
T’ , ‘RTKPLOT’ & AM&3tgth. Fa3 7% 187 o). RTKGETS
AIEUFTP) H&S 53 GPS-PPPo €23k IGS A4y A&
AAA =Y, A+3] 42 ~(Earth rotation parameters), th7]8 23219 A A
T 23y 181 IGSY 58 #=4 RINEX ¥4 #=HolHE e d
4 Atk RTKCONVS #ZtolE] F2H3E 22 OPo 7 FA7] A ZA
of wel Ifo] uolfe] Ao #Zu|olE]E RINEX F4 o2 wHEHgit)
RTKPOST+ GPS #ZdlolH $A4& F&8Z=2I1H 0 & RINEX 2] 94
#AZHolE e A8 AEE S 4¥Este GPS-PPP, @74 GPS-PPK &9 &
a2 Fol ot F417] 329 HEE FAHr) Table 4.2 RTKPOSTO A
A8 7153 A=Y 2 RAAR gdo] FFolh

Table. 4.2 Types of ephemeris and correction information file

Extension Type and Type
.sp3, .SP3, .eph, .EPH SP3-c type of precise orbital force
.sbs, .SBS, .ems, .EMS SBAS message log file
rtcm3, .RTCM3 RTCM 3 SSR correction message file
H, IONEN VTEC
Etc RINEX OBS, NAV, CLK
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4.3 GPS-PPP El¢A1 AY A WUH=Z

431 oy % W

TENFHE FEAYHRANA Y3t GNSS o o] EJ A FAIE| 2 5E] 2
0161 10€ 1Y 00AIF-E 24A7HA] F 19 B39 1x 149 A #AZA
HolHE gH3IAT thd #=4E Fig 413 o] #AF(CHJU), ZYL(CH
WN), Z4S(KANR), “+F(SNJU), ti-HTEGN)°] it} Table 4.3& ZEA A
Ho ZHE] CORS 5719 1AIE EfdAe] AHG oz Fgr H7to
Zg&stdom, 948 A=Y g AALAE B4y 9Jsf ‘RTKGET® &

B A% A& HEIGS XA HES HS5suT

b 4- &
Fig. 4.1 Distribution of the CORS used in the tests

Table. 4.3 Published ellipsoidal heights of the CORS

Reference

CHJU

CHWN

KANR

SNJU

TEGN

Ellipsoid

50.3366

88.3459

57.0427

111.5859

106.3773
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Fig. 4.2 GPS-PPPollA @3} mAgw2o)] e 34 eldAn J3= 3
7He 9% #SAE AY HFAE =AF Zlolth
=257 98 9AAE 2 AHAA o, HelF 53, dFdE Ad, 9
AAarzbel R g2 A gste BSuolHE AEstd, 1 Fg=

£ Table 4.39] 11A] g}dA| 1 E o] &3] RMSEE A4HE4A st T

o,

Acquisition of Acquisition of
observation data IGS AC products
RTK-LIB, 1GS FTP
NGIl homepage Server

Cases

. Satellite orbit and clock error
. lonosphere effects

. Troposphere delay

. Elevation mask

Edit observation data

TN N

Tegc.exe

Data processing

RTKpost «

Analysis of processed
results

Fig. 4.2 Procedure of GPS-PPP processing scheme

432 49 A= 2 ANA LA
1) 24444

IG5 4 A7ES ol g8 AHAS L AALA BAolA AgsE Az
2o 77} BUAL F4 AR v IS BASAL oF 9
sl GPS-PPP Aol Al $14 AAZHcut-off angle)e 5° AAF ¥ WBel%
a3 28 93] L3 A3 AT B9 39 HES I dRAALD, 42
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FEMAAT B FA7] AALLAE A F8eAT IGS iA=L 5
N M E £ F3tsl(Table 4.49014 1GS)2} CODE(Center for Orbit Dete
rmination in Europe)e] | E Table 4.49} o] Al&3t¥tt. CODE Z 3=
£ AHEStE olfre IGS HFAAES A8 AALA RAARE 0%
o2 A|Fste wiHe] CODES HFZAAEL 5% (o2 YAAA
of s E43t7] HslA olth Table 4.4¢A4 ¢} o] A3

T 9 AALA Y-S AL 67HA AR FEIA

[

flo

e AFst

Table. 4.4 Testing cases for derivation of a GPS-PPP processing sche
me

CASE Satellite orbits Satellite clock model
1 IGS - Rapid IGS - Rapid
2 CODE - Rapid CODE - Rapid
3 IGS - Final IGS - Final (30 sec)
4 COPE = Final CODE - Final (30sec)
5 IGS - Final CODE - Final (5sec)
6 CODE - Final CODE - Final (5sec)

@ 24 ¢ 1%

GPS A #AZ2 5749 1A E}FA o] st RMSES Fig. 4.3¢] U}
yolow, o] £ EAIZS Table 450 293ttt A& AxES
Abg3t= CASE 1 & CASE 2& Hlw3t S uwl CODES AM&3te g
A7t ¢ 2cm FEY B2 FIEE YelY, HFEH AHES o)
ste] HAG CASE 39| A¢ o4 AArRG 4 AEREH FE02 4
A#}E Btk CODEE ©]&ste 94 #ZdHolEHE Agst= CASE 4 &
CASE 6 18]a1 IGS HZF A AAES o] &3l= CASE 3 & CASE 5=



TSItk GPS-PPPZ BErolEE AT W 94

A= B AAetEs AFHY AAHES B AP oF som £Ee R

Stk =@ A& AREE o gkl FHFL Aeld

A% HAFNY ARER 1-2em 579 AolZ HFAN AREL AET
FEE ol f7 94 ArhE AN AAHEE A=

2 @y, & 499 A%E 329 W CODE BHEL ALEsHs 2ol

she S uolA MEAT Aol B ATNE F$EEFL 274

glolE Al

4 AZAA 22t

Fig. 4.3 RMSE of estimated ellipsoidal heights against
cases depending on IGS products
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Table. 4.5 Statistical summary of RMSE against CASEs depending on
IGS products

CASE | CHJU | CHWN | KANR | SNJU | TEGN | Average | Std. Dev.
1 7.7 6.9 7.6 6.7 7.9 7.4 +0.5
2 5.4 4.1 5.3 4.2 71 5.2 +1.2
3 6.1 4.9 3.8 3.7 6.2 4.9 +1.2
4 6.3 4.8 3.6 4.3 5.7 4.9 +1.1
5 6.0 5.4 3.8 3.5 SL3 4.8 +1.1
6 6.1 4.7 3.6 4.2 5.6 4.9 +1.0

433 A3EH
1) &4 o4

47% EFE RASE WAo) GPSPPPY A%Ed mAL 43 o

A ghe HolHE Agstel o ARE FASHE WU CASE2R T8}
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Table. 4.6 Statistical summary of RMSE against CASEs depending on
ionospheric corrections

CASE | CHJU | CHWN | KANR | SNJU | TEGN | Average | Std. Dev.
1 7.4 4.9 3.8 3.7 6.2 5.2 +1.6
2 77.14 95.9 101.1 110.0 934 95.5 +12.1
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Case1

Fig. 4.5 RMSE of estimated ellipsoidal heights against
stations and CASEs

Table. 4.7 Statistical summary of RMSE against CASEs depending on the
troposphere corrections

CASE | CHJU | CHWN | KANR | SNJU | TEGN | Average | Std. Dev.

1 74 4.9 3.8 S 6.2 3 +1.7
2 8.1 5.1 3.8 4.2 i 5.2 +1.6
3 64.9 67.4 13.5 404 98 48.8 +22.4
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Fig. 4.6 RMSE of estimated ellipsoidal heights
depending on stations cut-off angles
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Fig. 4.7 RMSE of estimated ellipsoidal heights
depending on cut-off angles




Table. 4.8 RMSE of estimated ellipsodial heights against station and cut-o
ff angles

CASE | CHJU | CHWN | KANR | SNJU | TEGN | Average | Std. Dev.
1 8.6 5.7 3.7 4.0 7.7 5.9 2.2
2 9.3 52 3.7 3.7 6.6 5.7 2.3
3 74 49 3.8 3.7 6.2 5.2 1.6
4 5.6 4.5 4.3 3.8 55 47 0.7
5 8.0 7.6 6.7 6.3 7.7 7.2 0.7
6 10.6 7.5 8.2 9.3 9.8 9.1 +1.3
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Table. 4.9 Scheme of error corrections and options for GPS-PPP processing

Terms Setting Scheme / Option
Satellite clock IGS Final orbit
Satellite orbit IGS Final product
Ionosphere Usage of ionospere-free linear combination
Troposphere Estimation of ZTD with horizontal gradient
Earth Tides Solid tide correction
Cut-off angle 15°
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Table. 4.10 Cases of height estimation accuracy tests by static observations

CASE | Season Observation period Average temperature (-C)
1 Spring 2017.03.30. ~ 04.05. NG C
2 Summer 2017.07.01. ~ 07.07. 27.3° C
3 Autumn 2016.09.28. ~ 10.04. 20.8° C
4 Winter 2017.01.01. ~ 01.07. 4.2° C
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Table. 4.11 RMSE of estimated ellipsoidal heights in the static tests

CASE | CHJU | CHWN | KANR | SNJU | TEGN | Average | Std. Dev.
1 3.9 3.8 3.2 2.8 3.3 3.4 +0.5
2 6.0 6.0 o 54 4.7 5.5 +0.5
3 4.8 4.4 3.6 4.0 5.2 4.4 +0.6
4 3.3 3.0 2.3 2.8 2.7 3.0 +0.2
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Table. 4.12 Estimated coordinate sets of reference stations

Station Latitude Longitude Ellipsoidal
ID (DMS) (DMS) Height

REFa207 35°13 " 34.15704 | 128°56 ~ 09.58463 ” 32.5457m

REFb207 35°13 " 33.49255 " | 128°56 " 08.79495 " 32.3789m
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ABSTRACT

Experimental Assessment of Heights Determined
by GPS-PPP Technique for Ellipsoidally
Referenced Hydrographic Surveys

by Ham Geon Woo

Department of Eco-Friendly Offshore
Plant FEED Engineering,

Graduate School of

Changwon National University

This thesis has focused on the GPS-PPP positioning technique with a vi
ew to its application of ellipsodially referenced surveys (ERS) for hydrogra
ph. To effectively achieve its objective, theoretical and experimental studi

es have intensively carried out.

Based on these studies, a data processing scheme of GPS-PPP has been
derived. That is, simultaneous estimation of 3 dimensional coordinates with
receiver clock bias and total zenith path delay of the troposphere from t
he so-called ionosphere-free linear combination measurements of which el
evation angles are higher than 30 . In this process, the satellite-depende
nt errors (.e., ephemeris and clock) is corrected by application of IGS fin

al products at 30 seconds sampling rate.
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In order to evaluate potential accuracy of the GPS-PPP derived height,
measurements collected on static and kinematic mode has been processed
by the RTKLib software package. The accuracy was assessed by computat
ion of root-mean-squares error (RMSE) with 1- ¢ confidence level. Result
s reveal that achievable accuracy of the ellipsoidal heights on static and

kinematic mode is better =8cm and + 15cm, respectively. These accurac

ies meet tolerance of the 1%order surveys defined by International Hydro
graphic Organization (IHO). Nevertheless, it is of impotance to note that
the tolerance includes all the uncertainties, such as measurements and da

tum. If this issue is considered, the GPS-PPP would be effectively applied

for the 1*order surveys with the ERS concept.

KEYWORD: GPS-PPP, Hydrographic surveys, Ellipsoidal Height Accuracy
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