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Choi, KwangSun, Park, JeHui, and Hong, SunHun, 2000, Comparison of GPS/Levelling Geoid with
PNU95 Geoid in Cheju Island. Journal of the Korean Geophysical Society, v. 3, n. 1, p. 13-24.

ABSTRACT: In this study, GPS surveying at bench marks in Cheju Island and with these data, calculate
GPS/Levelling geoid in Cheju area. And compare this geoid with PNU95 Geoid.
The results are as follows :
1. The ellipsoidal height of each bench mark was measured & 3cm with accuracy in GPS surveying.
2. Calculated GPS/Levelling Geoid well represents the variations of Cheju terrain. The correlation
formula between the geoid and elevation above sea level in Cheju area is as follow :

N = 0.001082 x h + 25.458 =+ 0.227 s.d.

3. Calculated GPS/Levelling Geoid and PNU95 Geoid are well fitted and the RMS difference between
the two Geoids is 0.14 m.

Key words: Geoid, GPS, GPS/Levelling geoid, Cheju Island, Geopotential model

(Choi, KwangSun, Department of Earth Science Education, Collage of Education, Pusan National University,
Jangjun-dong, Kumjung-Gu, Pusan 609-735, Korea; Park, JeHui , Masan Commercial High School, Masan
Kyongsangnam-Do, Korea; Hong, SunHun, Civil Engineering, Miryang National University, Miryang
Kyongsangnam-Do, Korea. email:ksunchoi@hyowon.pusan.ac.kr)
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(Teunissen - Kleusberg, 1998). &1} GPS®] #5of]
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AAE 7|1FoR sk A Eolql v 2t
|ool=8 y|ZoR 3l 9or® GPSE A .
Zafo]| o] g3}7] Yo Alee|=et AT BRA
7ke] #jolal Aol EolE AESA Uolof &
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glor o2 olgsle] F AmzhE AXRE X
So)|=E AZE 4 glviSecber, 1993; Wellenhof et
al., 1994).

Sujetel e Aol ohgk A FZol
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o

=

So® FY z0l=F 1BIA|
oj=of gl AAT-o|ckKim, 1979; 3341, 1986,
HE. 84 1987). o]& F3FA1(1991)2 OSUSIB
8 ndg FAste fvel 449 2o Ao
ol=of thste] I7slgion, A AF(1993)
= AFE dR1o)H 0osusB FY 2uld ATk
Agle] 8 2A7EF olgsle] o] Ao AU A
2ol=o thste] A-siick =ik 2B 21994,
1995)¢} Yun (19952 OSU9IA 53 Z(Rapp e
al., 19913} ghiks A1) 245 4 A A8E
o] &-3te] Fhikx ool A zlee|= Fof s}
o dT-stsict

A Choi et al. (1997) OSU9IA £ 549z}

LATITUDE (degrees)

126 127

128
LONGITUDE (degrees)

Fig. 1. Free-air anomaly map in and around the Korean peninsula (Choi et
al., 1983). Contour interval is in 20 mGals.
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HZF=Eo| GPS/Levelling X|

ol

Hhs ) $9 A8 9 AN GPS
Xh%é o] g3ty ARXkgE $2lyzhe] A %
E(PNU9S #|20]=)F HES|SITh PNU9S
ol FElvt Yo 71AAFY AN &
A%k GPS ARE o]&3le 59 Az o3 A
AHgE A eol=F ATt glov oldl= AFx
Age] Axrf 2= QA ¢l E=3F PNU9S
Jeoltx AlFE AYo] £8 AEZE Lee et al
1983yl 23t 2904 SAHe] ARE o83l 3l
Auk o] 2004 S48 Awrt 1EAE o8-8}
o BVE =A% Aoy F7 olake] ¢} A
o} o] wjEe] AFET A2l PNU9S ALo)ti=
e} g nlsl| exrt F AeE oAtk 1y
22 2 d7ddAe AFEY -4 GPSE

p

mzﬁ

N

20|22 PNU9B X|20|=

Z743}o] o]o]] 2]&F GPS/Levelling | 9.o|=E A
sk, o]k PNU9S A|2.0|=2 vlwsle] ®glr)
2. PNU95 X|20|=

PNU95 A 2o]= Alilel] o83t 58 Ane 1995

kA &7 45004 4] R1AY K4 9
AS(FHFA 9, 195 48 FAHE skdTa
2] ¥ A& (Fukuda, 1990), NOAA (National Oceanic
and Atmospheric Administration)®] Global marine grav-
ity A}E(Sandwell - McAdoo, 1990) S-o|t}. 58 =&
7} 9= 53 4 5= 492 0SWIA 58 xdda
A ARFE ol&3le M AGe] 1% o A
2| EFAL 2f, 1993). Fg. 12 o< 5 #b

LATITUDE (degrees)

S ‘ i Z
124 125 126 127
LONGITUDE (degrees)

128 129 130 131

Fig. 2. PNU95 geoid (Choi et al., 1997) refered to WGS84 ellipsoid. Contour

interval is in 0.2 m.
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20094 2] ALEolh Lee er al. (1983)2 Worden &
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ZRA AT Q¥ ARE ALsla ywA|
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2.1. GPS A}29} PNU95 X|20|=

A 2eolu AT FEH 3o 23 39
A golest AFAY 44U FH ABE A¥s)
o Axker AR eelze] oz ALHETE 7]
A, A A ole Al 7P A3 A7 FH
ndle] olg et T AR AAY AE W
7o) A7} HH, o5 A gl w2t 4] =
Al et glckRapp - Kadir, 1988).

g GPS ol 27t Eoli WGSS4ERIAE
7oz ¥ ElAAl Eol(ellipsoidal height) S,
oj= 7]8l8kA gl Fololt}t. 1 7t dubH
o7 ARESIT Q= ol EFAR] Eo)EA A

B e
:y((%\ * GPS ppint

LATITUDE (degrees)

129

LONGITUDE (degrees)

Fig. 3. Difference between PNU95 geoid and GPS/Levelling geoid (Choi et al.,
1997). Solid circles denote bench marks which GPS measurement. Contour interval

is in 0.05 m.
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Fig. 32 GPSE A3 71709 549 GPS/
Levelling x]iolis} PNU95 #]¢o]=2] Ao]Z 1}
Rl Zlojr 7 Aleol=e] Ho Aol 035 m

om ¢]E2] RMS ol 0.149 mo|th o= 55
A Eve] exkel GpS I A1) eAE wEslA]
A ASEH, o]F 1T AF PNUYS Aol
o] At v ikd Aolrk m3k 71U £FH
7re] 71xd71Elel] whE PNU9S #|2o]=9] Ao
A= 1.14 ppm (part per million) 2% 7]A1A®] 10
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Fig. 4. Topographic relief map of Cheju Island using 3” X 3" mean value digital terrain

data.
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Table 1. Estimated coordinates of the Cheju base by GPS observations.

Latitude Longitude Ellipsoidal Height
GPS base
dms RMS (cm) dms RMS (cm) m RMS (cm)
KAO 36 22 27.9145 0.00 127 21 07.8788 0.00 77.607 0.00
Cheju 33 29 22.1659 0.02 126 29 05.1704 0.02 111.249 1.92
KAO : Korea Astronomy Observatory
Table 2. Estimated coordinates of the bench marks.
Latitude Longitude Ellipsoidal Height SD
BM no.
¥ % RMS(m) =% % RMS(m m RMS (m ™
16-0-1-25 33 15 29.91013 0.004 126 12 36.04951  0.004 41.723 0.515 36393.41
16-0-1-46 33 14 52.82727 0.003 126 34 1095392 0.003 75.206 0.480 27853.59
Cheju BM 33 30 4795200 0.003 126 31 18.19657  0.002 35.339 0.417 413222
16-0-1-78 33 33 16.34796  0.004 126 45 344425 0.005 34.583 0.937 25512.34
16-0-1-63 33 22 53.67108 0.004 126 52 35.12943  0.003 45.649 0.488 38092.01
16-0-4-15 33 24 4087511 0.007 126 46 2.77945 0.005  232.985 0.849 27429.12
16-0-4-5 33 29 1.88303 0.007 126 36 30.06493 0006  231.386 0.907 1124545
16-0-3-4 33 27 23.00171  0.008 126 33 493303 0009  305.794 1.049 6979.51
16-0-3-10 33 23 48.89133  0.008 126 37 1.60379 0.009  752.351 1.098 15843.36
16-0-3-15 33 20 13.37477 0.006 126 36 35.80347  0.006 549.210 1.072 20389.14
16-0-2-13 33 21 54.18575 0.007 126 22 1.11788  0.006 509.012 0.777 17787.92
16-0-2-10 33 24 23.12594  0.006 126 23 12.53205 0.004  453.655 0.645 13142.87
16-0-1-12 33 26 3197352 0.008 126 17 38.17004  0.007 37.649 0915 18746.51

BM : Bench Mark
SD : Slant Distance from the GPS Base

AAke]] o] g7k
2 738 o AFEzoAe] PNU9sS 9
A RMS eatre) & o o4t

AFE A9l F9 ol AU

W

1
o

&

=7

E3M X=X

3.1. GPS
AEx A F2] GPS/Levelling A Lo)=F Aiks}
7] $1sled, 1998 9% 129RE] 159 Alele] 7]zt
B¢t AFE o] £ GPsE SAsHch
GPS =7 7|7-Eel AFAY Al Al YAl
1A GPS 71EHE FAsg e, | Ve
137) $5HN4 GPse| AdlAEg st A
g GPS AV FAEast 2748k glE v

= Trimble AF9] 4000 ST ZA]4 $417]9} Folu)
gwrl £AskT ¢l 4 SOKKIA Ak2] GSR
2200 A4 A7 2 1oy 2dlE o]8-8ks)
o} o]%F 4000 ST 54 AUE: 9=, A= ¢
¥3 5% 10 cm + 1 ppm ©]¥, GSR22009] A
wUEE 05 cm + 1 ppmo|th GSR2200 7|54
B5E27 o439l on, 4000 STE FE7HA
9 #HAZof olg3lct BE FEHAA HA 30
BollA A 413714 GPS BEL spgen, A
3 $A 744 1528 39l GPSE =A%
13719 54 F 4 AFS 2N A &
Z& stgon, Uz 9/ e AANSAHS )
gt ANSAHS T A 2R BSAHY

AE Theshd Haz siglen, AdAHE 39
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HFEol GPS/Levelling X|20|=2} PNU95 X|20|=

Table 3. Differences between GPS/Levelling geoid and PNU95 geoid in Cheju area.

BM no. BM height (m)Ellipsoidal height (m) GPS/Levelling geoid (m) PNU95 geoid (m) Diff (m)
16-0-1-25 17.178 41.880 24702 24.428 -0.274
16-0-1-46 50.626 76.340 25.714 25.616 -0.097

Cheju BM 11.132 36.549 25417 25.596 0.179
16-0-1-78 8.448 34.349 25.901 25.861 -0.040
16-0-1-63 19.135 45.262 26.127 26.061 -0.066
16-0-4-15 207.226 233.322 26.096 26.127 0.031

16-0-4-5 205.627 231.387 25.760 25.955 0.196

16-0-3-4 280.599 306.500 25.901 25.962 0.060
16-0-3-10 725.972 752.455 26.483 26.302 -0.182
16-0-3-15 522.846 549.211 26.365 26.126 -0.239
16-0-2-13 483.600 509.012 25.412 25.382 -0.030
16-0-2-10 428.261 453.656 25.395 25.458 0.064
16-0-1-12 12.894 37.784 24.890 24.880 -0.010

m olth AYSPY A 42A% ops SAR
Aelg sxZet Edus SE sl £ AR
o] E319) #mA)S 2R

3.2. GPS x}=x2|

A5 ZE Ase Uy 35 T 235 %
o] IGS (nternational GPS Service for Geody-
namics)o| A F7NEFAL Qe AUAEHE 0|83l
ZAEslgeh. SOKKIAS] GSR2200% ©]g3le] &
5% AS+= RINEX AR Wfksigled, o)
4000 STE o]g3le] #=38E AL8F Trimble AR
GPSurvey (ver. 2.3)E o435l TA 3} A5
Ag] g H1A 1GSe] 5= = HEe
GPS #&5x0] ARE o83ty AF 7IEHe] 3
ARstg o, AiE AFE 71EH] REES
ol g3t} 7+ R A5 AEE A3t

=1
k=

32.1. HIFE 7|1E=o E A

AFz 71EH A GPSE A3 A7 £ 26
A|ZF 23]} o] ARE o83l HFET(EKAO)
2] GPS FHEE 7|EoE AT VERS] HuE
Al xkstgcHTable 1).

AT 7139 =9 H=° RMS 2= 0.02
cmZ i AFIA ARE I o) gllA ol
9] 2= 192 em® ¥|wA =A gl gl

AR AlF 7183 HEE 7|$2E GPSE
2R3 7 549 ARE AastgickTable 2).
zd RMS o3f= m=
001 cm ®|Rke® 7]AAZ 4 10 km °|Hellx+=
x, y FEE "% ALA &
1 ERdA] o)
A= Y 1 em® HEA 24 Ve
ek Z1AdA= e eAE BlashE Aste] A U
o glom, 1A17F o)l 2 Aj7ke] S
Aol ex= FE IF /3 949 9 £
a8y #5 3 oot FA9EE o 4+ o
(Leick, 1989). AlFE 71¥749] o5 w2
7t 50 BlRA Eole] o= FHul 43 em
oluiglE & = itk

to
%
o
[
4
a
o

4. GPS/Levelling X|20|=9Q} T&t

FEAdA L] GpS #E AAE o] 83l AlFn
2] GPS/Levelling #.£0]=% AALsIGtHTable 3).
Table 3 2J31d GPS T30l 23t x| o= 55
A 16-0-1-259] A 2470 melA] $FH 16-0-3-10
9] 3 2648 m Alelo)] E¥EspH, 1.78 me] 715
ztol7k it «7lell= AL 2 mell Hile 3
| Qol=o] o] ZahE|o] Qg% (Fig. 2) GPS/
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Fig. 5. Relationship between GPS/Levelling geoid and topography in Cheju island.
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HEZel GPS/Levelling X|20|22} PNU95 X|20|=

Al et RMS Aol 014 m= HlwA Al A 7} F& & 5 ek Table 39 ARE o) g3)o]
AFARE AlFme] wWiFe] gore Ao 2 AFE A9 FT AYeAE: Axigel A
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Fig. 6. GPS/Levelling geoid in Cheju area. Contour interval is in 0.1 m.
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Fig. 7. PNU9S geoid in Cheju area. Contour interval is in 0.1 m.
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Fig. 8. Difference between GPS/ Lvelling geoid and PNU95 geoid in Cheju area.
Solid circles denote bench marks which GPS mea- surement. Contour interval

is in 0.05 m.
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A to B in Figure 8.
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