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Abstract: In this review, the basic concepts of geodetic coordinate system and map projection are explained to
practitioners in exploration geophysicists to enhance the understanding of geographic and projected coordinate system.
The fundamental elements such as earth ellipsoid, geoid, geocentric and geodetic latitudes, rhumb line, and great circle
are dealt with in detail. The geocentric and geodetic coordinate systems are also summarized neatly, together with
coordinate conversion formulae. In addition, the concept and technique for datum transforms between local and world
datum are presented, with special emphasis on Korean Geodetic System.
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HAdd = M A5l 71xste] 2AE 73
SAHE sk 7 H7PER H21AR0 %XI NEAE A
ste A7 Btk 23y, GPS, GLONASS, Galileo
GNSS (Global Navigation Satellite System)<} 7o] ¢3S
£3 2] 71&2] 2 (Hoffman-Wellenhof e al., 2008; Lim
et al, 201622 X A7 7F+ES] SA] 7|EA7E =] AL
|E7] AlFstoH, 521 A SA] Z1EAE AlAl SA

Aot T34 Z2teE AR T thKwon ef al., 2005). -
guete] A% 19109 ol E AREAE 3= SAAE
20004 Z/71A] ARE-819 2, 20061 Al SA1Al2] 9]
S ukg3k N SHo] wra sy Al SA A9 d= =X
Ae] Wa ARE 717 AX F 2010958 = AlA SAA] A
go] 9F3}EATHON, 2015). Waks, A9 2] 7]FA 9
oaf 2 AL, AHE FE NAE = SAA W
shol] wel &2 o2 WEk 2A9fo] Y=L ] O™ (Yang,
2014; Oh, 2015), Al9tE A& == A= o207 AA &
AAE AR 2
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=b ol = Z]Oﬂ ZA] 7IEAIE oI FAL e oY a4
HEog gug Eﬂ%‘rﬂl Aeket w7l W

°]°H OV] -r]OH’H X]“"Wr XL‘— = o°ﬂ
end and Krumm, 2014; Torge, 1993)°] tst O]OH7} 20|
v EEEAL Aol A3 AEahlele 2 e HeTt
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A=+ e} A (Earth Ellipsoid) &2 7]5 E} A (Reference
Ellipsoid) == 27 g1x]g} sich.
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Zo], HAE A (flattening: )L ©]2] <4=(Inverse Flatten-
ing), 1?23’_ o] A& (eccentricity: €)= X HEC} Fig. 1914}
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Fig. 1. Earth ellipsoid with semi-major axis of length @, and semi-
minor axis of length b.
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= SH Table 17+ 7Fe] o] ERIA| 7} A|F= ATHLI and
Gétze, 2001). Table 19 ZA]glollA] Ho| AMEEE TE 3
A AT BHEAS] Ax AF 9 S vAE, A= e
A5 e Folrt. o] #9] $hE2 MATLAB® Mapping
Toolbox®] referenceEllipsoid &<=(Mathworks, 2016)5- ©]-8-5}
Ak F7HE A7] H A EQ o] glo]He|E]Ql GeographicLib

Table 1. List of some Earth ellipsoids and their geometric parameters.

Semi-major Axis Semi-minor Axis  Inverse
Name (a) (b) Flattening
Equatorial axis (m) Polar axis (m) )
Airy 1830 6377563.396 6356256.909 299.325
Bessel 1841 6377397.155 6356078.963 299.153
Clarke 1880 6378249.145 6356514.869 293.465
International 1924  6378388.000 6356911.946 297.000
Krasovsky 1940 6378245.000 6356863.019 298.300
GRS 1980 6378137.000 6356752.314 298.257
WGS 1984 6378137.000 6356752.314 298.257
Sphere (6371 km)  6371000.000 6371000.000 (Infinity)
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Rhumb Line

Fig. 2. Diagram representing meridian, parallels, great circle, and
rhumb line, which are essential for understanding 3D geodetic
coordinate system.
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Fig. 3. Plot of Geoid Model, EGM96, on a world map.

Earth’s surface

——
hi|H
geoid
G
ellipsoid

Fig. 4. Relations among topography of earth surface, geoid height,
and ellipsoid height. Modified after Li and Gotze (2001).

(Mount Everest)©]t} 11,000 me] Zol& ztk=
(Mariana Trench)e] Zo| ZfolHtes X F=
(Bezdek and Sebera, 2013).

g, o] He ERA] =0](ellipsoid height) A, A 2.0]=
=9](geoid height) G} 4] ()3 22 #AIE 74, Fig. 4
o} 7ro] ARl X Qol=s U ERA| Eo|2HH ALt
= ATHLi and Gotze, 2001). $2glol] 88 = A= A
A Aol RUARZE FEAHPEANA AFEH=
KNGEOID7} $1=Hl, GNSS A S 4 A eeole nd
£ ©]&3 GNSS =o] ST AT Aol 3 em A=
2 AR & Ak HHNGIL 2016a). 3 FHA A EY

chich o
$ "ol

oA Z+ GPS 21710 e ¥xWo g AFgsty Jorz
(NGIL, 2016a) E&EAL AFM T Fol& B3] +3817] 9
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(3-D geographic coordinate system)
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AL A0 o= 3xkd A7 HFA. o9 R
AT A4 A 224 3 2 7F 23EA](Earth-Centered Earth-
Fixed (ECEF) Cartesian Coordinate System)& & 5 +=Ul,
ol A THS YHoE 1 FxFo] Aol g F o]
Zpdsh= AteF 3 3|AgithaL 7PE g FsEAlolt). o] F
st FAPAEAGIAU) T FASA /A T-=2 A HIUGG)
oM FEo = AY3 IERS (International Earth Rotation and
Reference Systems Services)ollA] AAIgH A4 F4 HFTAIA
=IA| A+ 715 Z3FEAIITRF: International Terrestrial Reference
Frame)Z4], o]& A+ F49] 33 A (EA=Z A &
T g 24 we)et 22 AT 7 WskA] aelste] A%
Ha Ao w 4, BeFEEs FEA o]t Vondrak and
Richter, 2004).

o] F3FAl= HAEHXY 3
o] b= A A FAL ole AHE X Fo2 3, A
T T 558 ¢le A
= Zo] drkoltt. dAl Suvete] A T4 HAFEA=
ITRF2000 AH&-skal It} =@ 2]dollA #Aejsk= GNSS
71248 9 sl Al 71538 (SEIN)S 7491 5=(GRS80 E}
YA 712 SA FH3x) 2 A Fo] FEUF 9= 36°31
19.9682", 7%= 127°18' 11.4836, EFIA] =°] 181.196 m=ZA]
ITRF2000 X, Y, Z F*EE= (-3,110,081.533, 4,082,094.098,
3,775,023.595)°] ©THNGII, 2016b). 24}, o] & AA =
ZA] A77F Y- A0 5E W 32 FY Weke
ale] A2 OE dolde RS A9E WSk Fgol| o8
A, B AT AA S gEs Aos} ohaly duky o
AREsH7 )0l BH s

4, 2|, EFRIA| =0| ZHEA|
L AFE AAE FAshs AT WS kol X

T ERIAY ©9ES S0 ST b o]FE FE S A
Z 7ko 7 A o3tk (Torge, 1993). B2 AFoAl2] ALZ (°
ol¢h= Al Zo 7 AR IR WAN 23S Ave A
22d0] 180°7F H& Aolth(AAl At ML 180° AFA
I A RSA = . 2A F71E] HA Q& =
). 2 AopAly] $-2] Ughs AX 125°E ~ 132°E AF

o

r

North Pole Normal

Ellipsoid

v : geocentric lat.

¢ : geodetic lat.

>
axis of rotation

Fig. 5. Definition of geodetic latitude and geocentric latitude.
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= AL Aletae o Hde A A FHE F
34 ool A BRIA|S] S o ARE Zhethe Kol
o). Z22u}, GPS$} 7o) GNSS7F $1%] S0 BAZ o= A}

SEAA AF FAL 7R sk A AFAR] fA AA
CYPEHEA] ko] oo} thEA AFHe] g M eRIA

AE Sl Aol AW o]f= Zho g HoEA Hrt.
Hog 1S 95ke] AR =4 )% (geodetic latitude;
olg} g= ®71), TA= A4 = (geocentric latitude; ©]3} w
2 37 5, A =g AMeske #AEAE A JEA
(Geodetic coordinate system), X4 $=& A= ARAE
A4 23 (Geocentric coordinate system)2} eH}(Fukushima,
1999).
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Table 2. Differences between geodetic and geocentric latitude.

?Z?i?f(tilg Geocentric Latitude Difference
5 4.9667° 0.0333°
15¢ 14.9041° 0.0959°
30° 29.8336° 0.1664°
45° 44.8076° 0.1924°
60° 59.8331° 0.1669°
75° 74.9035° 0.0965°
85° 84.9665° 0.0335°




Belg} ARAE 918 34 REASH A% £ ols 241

A BHIAIE ARSI st A eol= ’el] 291 pAde]
AT T AUA @7] wZolt) o8 Lotiy] flste] ot
2] Table 20 WERAA=T] 7 9% 7+e] Aol tiAI= 45°
TH= AN 7P A5 S5 AeollM e F ghe] 2t o]
e A9 Aol AHT fEE FAEHA Fow iE
6371 km®| WA 55 zk= g <1 Ao 7Hgshd A
FHA 3 ~ 21 km o] AfolE R F A °—§— ¢ s
Atk 5 5o & oA GPSE FAHHE A
SEINS] =X $I%=E 36°31' 19.9682" 21E] o] x]4] 9%
eI 36°20' 18.0056" 7} Eth. MATLAB® Mapping
Toolbox®ll A= geocentricLatitude, geocentric2geodeticLat,
7 FEE U,
GeographicLibl A= geocent _fwd, geocent inv <=7}
o] ZA] =St A4 A= HARHE FE WSS Ut

geodetic2geocentricLat$} 72

3AHA ZEAIE Ato]e] HEt

A FHE Al AR H7F W, A HE A Eo]
AREEOH, 1 A YoM & BH §lo] AR Sith
aeu, 98 FA 7] wHo® A AFAA S| 7hE
slgol wek 7 XY Hz dojl =F s 7hsd & B
Ax)9} ¢ab glo] Wiy A o] = HslEHe g
=o] A|Z=Ho] $TH(Oh, 2015). a%w Aol A& o
=Ho) wel #x% W] Yeg A2 HaA = H
Wo| 2ol 23t WE g0l /NES aviskal ol HEE
21& AAstarzt gt

%]
)
=

tany = (1 —ez—-]Y@—)tan(b ®)

- a

(1-sin’p)"”
7|4 N2 P A-dA o] BRI, 5418332 on))e]
& WERA|E(radius of curvature in the prime vertical), e= ©|
AEolt}, o714 T4 (prime vertical)o] ¥ HA-S Egs1H
Al AL QW (meridian plane)@t 5721Q1 Ho| A7+ efAA| ¢} vhut
= Aeo]ti(Torge, 1993). HH, AL (TH4R; FEUEe] 9

©)

& gew p.

M= __._a_(_]_:é)_s_é (10)
(1-€’sin’ )

FX| ZEAGE, *I1=, EFRIA =002t X 22 2EA (X, ¥,
Z)°| S HE
koA A3 ule} 7ro] XA HH 7zt HEAE AF =

A A9 3% (ECEF) HEA ¢k o5 A48 ITRF AlGe]

AR, olsh 2 ECER SAE N2 0 24 49l%
HEA 7be] 45 WS AN B2 AR ko o) 87
= @ 22 A AT BAA) FAF A3 HEA )

salo] dAshe 749 32K (X, 4, 2) FEE IAT AT B
HAE 7IEe 8 3 A, A &, 223l A Eol29]
3 |3k A4S v Z2YH(Civicioglu, 2012).

A7+ 919 g AH el A, SA] 9=, BNIA| EolE P4,
¢, et & W X4 A7 A=

X = (N + h)cos¢g cosid (11)

Y = (N + h)cos¢gsind (12)

Z =N - &) + h)sing (13)
ol HM, oj¢} with® X7+ T4 A7 ARAZTH HA=E
THe A Thew Lok AR vl 7hes]

— tan”’ _Z)

A=tan (X (14)

7 HH, = v 22 9% W24 (latitude equation)

(Fukushima, 1999)
(WX +Y?)sing — Zcosg = &’ N(g)singcosg (15)
S 29 g3 7o)

¢ ) 16

¢=tanﬁl( Nep)

Z_(4
T
o] =il BFIAl Eo| he

cos¢

(17

o] ®Eth(Fukushima, 1999; Torge, 1993). 2] 2] s T3l
FA B FAARD U SAToA B2 AT o
FoA Jerm g ZA|g A8k Civicioglu (2012), Fukushima
(1999), Fukushima (2006), Jones (2002)2 #=%3}7] ulght},

torr

axtel Mzt SEAlel SiM X 0| Bt
3319 27k HuAle] H7 o)l B B4

B B4 Thew
o] BARY. o] A WL HuA Fo| A

olFll u}

W2 rlo
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2t Fdg Aol st M2 FFA A FHE She=
Ho|r}.

Rkl 1 A J«u Zo] 3| WIS 33 HFEAR
STH X5, Y=, Z5F A= A7) s|dst= JEde 2
ZF o3} QE}(Grafarend and Krumm, 2014; Trge, 1993).

o

N

1 0 0
Ry=| 0 coswy sinwy (18)

0 —sinwy coswy

coswy 0 sinoy
R, = 0 1 0 (19)
—sinwy 0 coswy

cosw,; sinw; 0
R;=| —sinw, cosw, 0 (20)
0 0 1

ol ay, wy W X, Y=, 75 ’;JE.E 23 A
£ 0% 7+ omah HuA 104e)

sl
=
A, ek HARAS X F, V5, Z 52 %‘*ﬁ—i R

3| HE T AP T HEZ o)Fo] UL wl A2 FHFA 20]
Aol HE7t pebd A 21)7 o] YRl 4 9tk ol
APE FTA 204 HEA 12 7F= o5 Folu).

P, = (RR,Ry)P, + AP 21
A7, Py = (X, Yo, Z))', Py = (X, 11, Z)), AP = (AX, AY,
AZyT o]t}

3dE FHrZo] HY FHxSol vlel FH Ag so] HER

Maoh, 4 Qe

P, = s(R,R,R,)P, + AP 22)

7F €t
ZH3E HEIo| Bursa-Wolf B8t 223} Molodensky-Badekas

2131 HEke] Bursa-Wolf 2493} Molodensky-Badekas =&
2 2 (220 719Hs E 2% As o= 3|4 oA 3
Az}o] mf-9- o] ¥stgE u)g- Zrhs 7Rl
A it & shte] dlolgoA thE dHiolgH o= At W
oS FESe] 3 eAl S41e] B olsE o A4
o7 A3 Aot} 4 (18) ~ 2] (200014 #FHE=2] % W
3=, ST oy, oy, 07F WS- 2 W sino~o, coso 1,
sinosing, ~ 0 ©] dH= ] 3] PE- thZ ZTH(Deakin,
2006).

A3 %% A

b

N

1 w; —Oy
R= RzRyRX: —@Wy 1 (05 (23)

oy -0y 1

o

r

Fig. 6. Geometry of Bursa-Wolf transformation. Redrawn after
Deakin (2006).

ek =2 AFE s=1+dset & o ds= g 2

Z X% ppm (parts per million) T¢|2 UepdTEH
w2hA, Fig. 634 Z+¢] Bursa-Wolf 23S ©]8-3+ 3% ¥

2d3 7 9 wigh 242 th3-3} Zrh(Deakin, 2006).

)
o

o

1 W, —oy
P,=AP+ (1+ds)| ~w, 1 @y, (P, (24)

oy —oy 1

. 1 —w; oy
Pl:m w; 1 —oy|P—AP) (25)

—wy oy 1

uweba, 9] g o83l SigolA] Lozl 7EHES
oz HasH 52 ol8dl ¥ oleH AP (F3iEA 2
oA FHFEA 12 7h= Baolsolthe 3EL 7 I wy,
702 Wi Mg ko] wSke|

oy, 077 32 AT ds T
o] &gt}

gHH, Molodensky-Badekas 29 Fig. 73} 7Fo] FaAl 1
o] FA S4 #AE& IS =45t F 10 /] wi) S

Fig. 7. Geometry of Molodensky-Badekas transformation. Redrawn
after Deakin (2000).
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Belgt 47AE 9

P

o] ]85k Zloltt.

1 o, -oy
(P=Pg) =AP + (1+ds)| —w, 1 oy |(P=Pg)  (26)

oy —oy 1

A7V, P = (X, Yo, Zo) FHEA 1914 57 F4le] o]
o £, 7 W W, 10 W e st o] T
o

WS Z12F XA s (Deakin, 2006).

4

X| = 52 (map projection)
A&d A ] A9}
A ol e Ao

oo

o

334 =3
3k 71 ou)sith(liffe, 2000). B #H8HA 0] A= £
E2 16 ~ 19 A|7]00] EEE L 20 A7)0 B o] AU

(Snyder, 1989). L % Gerardus Mercator®l] 2|3} 2298l Mercator

60°W 30°W 0 30°E 60°E 90 E 120 E 150 E 180 E 210" E 240" E 270" E 300" E

(a) Mercator

I 22 AEAS} Aw £Go ol 243

(a)

Fig. 8. Projection methods according to the shape of projection
plane. (a) Cylindrical Projection, (b) Conic Projection, and (c)
Azimuthal Projection.

FgHol 71%3F Transverse Mercator (TM) % 7] o] #|
A2l Hol 22 ghow -2 yate] AP, A=
AEEE o] Fgol 7Ivket Aot} 271 &3] o A
7} TM (Transverse Mercator) XA 2 EA|F T sH=
= destile= ™™ F9 WHES o]&ate] 3akd AH9% Fst
£ 2 HH A7t HRAR FY wste] 3¢ A =g
o2 21 4 It Grafarend and Krumm, 2014; Snyder,
1989).

-

=
o 1w

g
Wk orle M

(b) Transverse Mercator

Fig. 9. World map generated using (a) Mercator Projection, and (b) Transverse Mercator Projections.
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UukH 0 2 %= EJ(map projection)ol|A] 7]H Q4AE A
2], Wk, el HAolth &, £ A Al AR
7F FAEEA], A2 fAEEA, 2oL Aol AR
A= =47 T8 o] e, 742 548 B, 54 =
H, 54 =Holgt s, S mEt o As FYHS A
el 3HCH(Snyder, 1989). B-3F 321 ERIAIE FYshk= F9H
o] Foll we} Fig. 83 o] €8 F%9(Cylindrical Projection),

5% (Conic Projection), %] % (Azimuthal Projection)

S hm e, FFHS FAtel wt S, ©]E 90
T 3Hgk Holl Fdshs 958, 283 kARl Zhwe] 7
AR BPRE ol &3t AFEH Sol Uth(Grafarend and
Krumm, 2014). 224 o714 83 2 BE 2408 o W
ZA7E FYHe sltke Holth 87 & ¢ e
Mercator 92 4= 57 9% =94 &3, TM =W, 2
2|32 UTM (Universal Transverse Mercator) =82 35 57}
HE TRl &3t} o] FollA & ARo] o] A& FFFel
AT A AAE A tigk ot dA g A
2 olggt A r= d25E el Bol o]-&= Ut
™ £

BAE HEE TM Tl oJaf 22k HH HAFAZ sk
== Aol sl Gotir] flste] £9 Afo] oE F ARE

Fig. 99 371319t} Fig. 92] (a)2} (b)= Mercator =HOZ
FEE AA AzolH, X3 A= ol vhie H 9% (0,
0) AFS A2 TM (Transverse Mercator) EHOZ £
wlo] ZH Aolth AAg TG Ag 7oA dg
Grafarend and Krumm (2014)g #=%35}7] nlgit},

Fig. 991X 9} 7do] 2} =) HaaEo] A= del o9A F
geo] BHEER & 4 I, Mercator =HOE 2 E

2 9
AEe Zg5=ol thal A

L
.

AT
oA FAE T e Be
AT 919 gt vl vlsssiAl FsaL AR SAge R
2= =] et @5 tiFo] vl FA 2 =50

et 9 B 5 Gk B9, TM oA E 34 A=)
% FH0E 9 P7o Awel ek v o)

w3 Ao
So] 2l F7ko] glov} o] Hloluk Aol 24 A%
Al

oM "Hold= dj=o] Al vepds & & Stk

UTM ZHEAH|
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251
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fa¥

F 3L A o] t}k(Janssen, 2009).

UTM A= 59 840004 9] 80° HE7kA] A9 e
A FHol| AXA TM HOoZ FYAIA AAE FHxAZA
Azl ugt A A THE 607119] FHOZE o] HAE

o

r

o] o} wetd zF 9L 6° Mo FHol lon I ¥
Ao 7H - e A5 180°WollA] 6° 7HAoE |

(180°W ~ 174°W)F-E] 60H7FA] 1] M7} Eoix St
A Ao ZE 9 80°SH-E 72°N7HA] go7kA o g v
72° ~ 84°NZHA = 12° FHA S Zhe o= o] it} BA
S G&Eo|H Bxo g F7k I, 0F A3 C, D, ..., X7HA
A =] L HE=F2o] NoJth(Janssen, 2009). UTM i
A2l zt Y (zone)S FA AL FwollA False Easting
(FEy 500,000 m, S50l A] False Northing (FN) 0 m, ‘&
"ol A= 1,000,000 mZ A 3FAL UTH 1% 84°N O] dH-E]
ES71R19F Y= 80°SHE Yd=7}X= UPS (Universal Polar
Stereographic) Z3AS AHE-Sl=Hl, UPSo4+= FN3} FE F+
A 25 2,000,000 me]t}.

o2 Eo] $u=E 518, 51T, 528, 521790 A= 9l
o thREo] 528%) 3t} o] TS Q%= 320 ~ 40°N,
AE 126° ~ 132°EE2 Ho] glon FYARLAY Axs
129°Ee|t}. o] AN A= 3E7F (38°, 129°) A9
UTM ZE+= (500,000, 4094,872.4)0] Btk TM EH-8 59
HHE 274 471 Yl Fig. 103 7o) $ejugl ye 4w
127°30'E, Y%= 38°NE S402 TM B o £gsto] et
U HwE feuets 402 diFe] Aa feuveket
did ez de] e fEd okt YL gl & A

N oo g

j
iy

AV

M T H
=S A En e s2uEtelM Wellx UTM 237 2}
o] 532 9Jto] AAH3 UTM-K FFAE 4= 127°30E, 9
L 38NE 79 dFeR sl 3 Al 0.999601H, o] A
2] X (FN)E= 2,000,000 m, Y (FE)E 1,000,000 m& H-ojs}
o 2% EA eIt

gh glok o] ALlw FHH7t (4, 93] AFe] ™M F3e
ofsf FFE 7t i theol] At Wk 2o o3

=
w9

e ST

Fig. 10. Korea Map drawn using TM projection with projection
origin at (38°N, 127°30'E).



O]ZITH(LINZ, 2016). Bt} JUg FeH4Ql fie A4
farend and Krumm (2014)2 #%3 }7 vige o 7| =

)\1 ks

Yo
2 H

X=Xy + ky(m—mg+ T+ 1o+ T5+T)
Y=Y, + k,NAA cosg(1+S,+8S,+S53)

A7 ke TY A4

factor)°]|™
m = a(Ay¢p—A,sin2 ¢+ A ,s8ind g—A,sin6 @)
my = m(d)

2 4 6
— (€ 36)_(5_6)
Ao=1 (4) (64 256
3( 2, e 15€°
Az:é(e 7T 128)
15( 3e)
As= 256 4
35@
573072

oltt.
2] (27) 3 <te] AFe

2
T, = %N sing cos¢

4

A ——N sing cos ¢(4r +7—1 )

= 24

4 2 3 2
7= ?;ONSIH(/f ¢(8r (117241 zfzsr (21614)j
+ 77 (1-32¢t)—02t7) + ¢t

8

_ _AA . 7 B N 46
4 40320Nsm¢cos ¢(1385-3111¢>+543¢t—¢")

oltt.
T3 2] (28) 25 ko] AGE

AL

Sy = =5 cos ¢(r—t )
AL
S, = 1208 ¢(4r(l -6t )+r(1+8t) °r +t)
_ AR’ 46
5= 5040 )

B, AA=A-1,, t=tang®] 2, 7= 2] (9), (10)°] &l

rr

3 22 HFAY Ax F42| o3 245
Gra- A3} ApeAe] 2E w9 W, =, = NMelTh.
Az} ™ FE2RH 49w Axde F4e 0o 2

AR, A, = A7F 59 AR B9, X,
o) 9479) 7 gol3 ¥ AR X= BE, Y ¥
5,

= e A¥olel o W) Wk 4L T3 PTHLINZ, 2016).

@7
(28)

%2 Al4(Central meridian scale

29)
(30)

G

(32)

(33)

(34)

(33)

(36)

G7

(38)

(39

(40)

(41)

td
Ho

(LINZ, 2016).

p=¢-U+U,~Us+U, 42)
i: /10"'_ V17V2+ V37V4 (43)
§=ort (3_/1_2711 )+ 2o (21n2_55n4)sin io
2 32 16 32
151 1097, @
n . n) .
+( 96 )sm6o-+( 512 )smSo-
7} ¥]aL, o714
_mz

77 180G 43)

otk TS n = (a-ba+b), AX=X-X,, AY=Y-Y, & o

97" 225
=a(l=n)(1-n )(1+Tn+ 64n)(180) (46)
' =m+ 22 (7)
0
o]t}
T3 4] (42)0) UrA] FE
T AXXx
Ul_koM’ 2 “8)
t' 2 2
+ ’ + r
U, = 7 24 ( 4749 7(1-1"7)+1217) (49)
_ AXxS( 47 (11-241-122@21-7117) + )
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(50)
tOAXY 2 4 6
+ I+ !+ ’
U, = k0M’40320(1385 363317+4095:"*+1575¢"%)  (51)

ol Hevl, M, N, 7, 12 ¢g=¢' 4 W M, N, 7 1] golH,
x=AY/kkNo|t}.
Eoh A @)=

T3t7] {1 AlFe thE 3 ZTHLINZ,

2016).
V,=xsecqd' (52)
Sene
v, = ’%@(ﬁzt'z) (53)

v, x—-—-ﬁf% (42 (1-61")+ 2(9-681)+72 11" +241™) (54)
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v, =59 6116620+ 13201 +720¢)

5040 (53)
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EX| dio|H 2t =ZXIH x| A

ZA] dlo]¥(geodetic datum)> HFAE o|F= EE 7|E
e [ ST B 5 At 9IXE vERN 7] SlEiA
= FEA A ALEEE AT A 71 & Aolet HHE,
AT B A FAF AT A ST A 91 ol o
st ARE Jaatar, A9 A dHe el Ak 4

e gasiH, S0 Aol He &4 7l e A
HE Jod &4 Holge o] BE AL T Aol
A 7 ot dlolde dAR 53 Sie] 7|Fo] He
B dolda o] S| 7)ol He 7] HolHo=E

o] & 4 dtk(Dana, 1999).
A A FA HixA= 2 AY| 7P & uteE A%
o] S-&HE ARAR A A AFAE 2As] SEiA
A9 ZA dolgS AAsteiof gt dntH oz A 274
A 1A B94=71 A A FA] vlel”ellA= Fig. 113
o] A ARl A e|=E 7P & R EE 24 dHS
AR sl ARAS AF%@M gt AH QL JJDJHOM 11
T BFIA 9] T AA Ao A FAlH LRAEHA ¢
A4 Bk E}UJH @53} 2|5 S| A EA] &
Ae] A= eFggdel vEa|E Ak
ERIAE o] &3 E o= RS FHOE X
| AgsiA=rtel wek A= tE X9 FA o
i thZ2A JepZ = st g 3] dlol|
e 0] A9E AT od A dol’S

e} A4 o 9179} 2 Aol verd
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=
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e
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Ellipsoid chosen to fit

Ellipsoid with best fit locally tg geoid here

to whole geoid

The centers of the
ellipsoid are offset
from each other

Fig. 11. Schematic diagram of local datum with ellipsoid chosen to
fit geoid locally, and world geodetic datum with ellipsoid chosen to
fit whole geoid. The center of the ellipsoid are offset from each
other. Redrawn based on Janssen (2009).

A, & Aol shtel HolHoR 94 S-S she B <
HE A olA v dol'el ofsl] At Hrs2 A54 0]
A 3L T8 A gdot, o] F FHH R T8l B Z I
oM Agd o = Holds dse sisith
T2, GPS ARgo] BAstE A 7 Aol MRt F a7k 2
of opd A+ FAle] A7 Al Fad AA SAAF 2o
SHAA =AUt webd AA] AgRe) A FA BrdAle]
Aol A H AL BHAl S 2 Sol A7 ARSI A=

Table 3. Summary of Korea Geodetic Systems: Korean 1985 and ITRF 2000 datums.

Geodetic Reference Korea Geodetic Systems

Korea Geodetic Systems

System based on Korea 1985 Datum based on ITRF 2000 Datum
Bessel 1841 Rotating Ellipsoid GRS 1980 Rotating Ellipsoid
Earth Ellipsoid Radius of Major Axis: 6,377,397.155 m Radius of Major Axis: 6,378,137.000 m
Flattening: 1 / 299.152812800 Flattening: 1 / 298.257222101
Datum Korean 1985 Datum ITRF 2000 Datum

(Tokyo D Datum)

Projected Coordinate TM(Transverse Mercator)

TM(Transverse Mercator)

Western Zone: 125° 10.405" E, 38° N
Central Zone: 127° 10.405" E, 38° N
Eastern Zone: 129° 10.405" E, 38° N

Projection East Sea: 131° 10.405" E, 38° N

Origin

Western Zone: 125° E, 38° N
Central Zone: 127° E, 38° N
Eastern Zone: 129° E, 38° N
East Sea: 131° E, 38° N

* The values of 10.405" are added in the longitude of

origin to correct the errors of position of old reference

points.

False Northing(X): 500,000 m
False Easting(Y): 200,000 m

False Northing
False Easting

(For Jeju Island, False Northing equals 550,000)

False Northing(X): 600,000 m
False Easting(Y): 200,000 m
(*amended on 2015.6.1)

For some land registration map, False Northing(X) could be
allowed to be 500,000.
(For Jeju Island, False Northing equals 550,000).

Scale Factor of 1.0000

central meridian

1.0000




AT AAE ddez Fas eAE gelsial olof 7]ukst
AAl 22 3 AAE ARESHA HJeH, olof et AY &
A deld= AA XA e 33to] F s B -2u
ghe] Z2X] AAZ o2 1 20029 o]He] =X x| 71F=
EFIAZ Bessel 1841 715 EFIAIE ARESE g A8 573
tlolds ARSI e H, 2002 AlAl SAAIE 7Ivte = g
=2 71FAZ =YshEA GRS80 EFI A 7]4HE ITRF2000
tlo]ee AMgshE AlAl SAAl] 719keE S4] Hlo|H & 24
ETH(Table 3 %), 2 Hloll EFAE AGD66 T2 GDAY
(Geocentric Datum of Australia 1994), 7]=r%= NAD27 (North
American Datum 27) th4] NAD832 2 7 3}35}5] th(Janssen,
2009).
S2|Lzte] X HIo||, SX| ZEA|, ZE Hat

S-uEte] #A #H3E A A= Table 37 7-°] Bessel EFIA]
E AYstar A3l osl A4 E Hee dHe Ax, ¢
, ARZEE 71Ee 2 FEEQT S AFo] 99
FAzsl FACER) SAA RS EEort 19853 ¢
A= FEsH =™, 1910dt) o= A2l 1009
AREEIATE 2y, v AlAl SAA] =940 2
do2 2003 MA SAA AME-S HEE AL o] F 7]
b= S A9 e AR 717HE AL $ 20109 5F-E Al
A A ARg-o] o F-31= $THOh, 2015).
Al fElvEre] &4 FHFAE IR 5 ¢ A

A3 WE(NSDI, 2016)° HAIE o] ek, 2 &S 1
W A= AAl SA A wE S AT Feeet =
o|F FAIsH, ohet, A% Azt 5 fste] Hagh 7dgoll=
27} 39} wo], T Fage} Fol, At FA A Hx E 1

U2 EZ AT F Juhar HAEY] o) =g e

=]
Ll

oX v

ol

e i ko rL 1 HEOHT o0
r

TM Coordinate TM Coordinate
(KOREA 1985 Datum) (ITRF2000 Datum)

g I

Lat/Lon Coordinate Lat/Lon Coordinate
(Bessel 1841 Ellipsoid) (GRS 80 Ellipsoid)

] i

ECEF Coordinate ECEF Coordinate
(XyY1Zy) X2Y2Z)

N Z

Molodensky-Badekas Transform

Fig. 12. Flow chart for conversion of coordinates from local geo-
detic datum to world geodetic datum. Redrawn based on “Geo-
graphic coordinate conversion” in Wiki (2016) (https:/
en.wikipedia.org/wiki/Geographic_coordinate conversion).
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Table 4. (a) The parameters for converting coordinates between
previous and current Korea Geodetic System, and (b) X, Y, Z
coordinates of the centroid for Moldensky-Badekas conversion
model suggested by NGII (2003).

(a) The value of parameters for Moldensky-Badekas suggested by
NGII (2003)

. tations scale factor
i translations(m) AP o "
meter O (pprm)
AY AZ oy oy o ds

value —145.907 505.034 685.756 —1.162 2.347 1.592 6.342

(b) The value of P; for Moldensky-Badekas suggested by NGII
(2003)

centroid P

parameters Bessel based => GRS80 based =>
GRS80 based Bessel based
Xs —-3,159,521.31 -3,159,666.86
Ys 4,068,151.32 4,068,655.70
ZG 3,748,113.85 3,748,799.65

3 | EL 298.257222101%9] 1019 3] eRAe] FAlo]
Ate] A7 A AR S ERdA 9] Fe Fo] A
3 gAsle] GRS80 EFIAl AMES
A shstaTh gk el ALE Ao AX(T7
127°03' 14.8913", 9] 37°16' 33.3659", FEAZHEA W)
oF 1743017 32.195"), 7= -] X Qs dHAE
g ek A (IR 3t ST o] FolEHH 26.6871
m)E 8= ] ATHNSDI, 2016).

s, Azt g TP oz oollx A3 TM (Transverse
Mercator) FEH S AMESIL 39 HEE(0,000= shH 7}
£ 979 A AdE X F, old WE T WES Y Fo02
sle] 5% 8l 5F%02 ZTHHFIES Ho Jlon, By 9
of 7hhkE Fofstl=E ol Ae=dl, 2015 HF = F
o A7 B& W X 7R 600,000 m, SEHERY) 7t
e 200,000 mZ g 3FATHTable 3). SollA o2 & MF 7]
TH(SEIN)S £ 752 5 9oy W A7t 2=
X = 436,034219 m, Y = 227,155.391 m©| ETHNGII, 2016b).

St ZA) Fg AN AlA HEAZ MBS sk S Fig
1200] VRt A2 o] ofg] dAle] F3t WHek g8 AR
o] wj ARGE= 22 oA Are A9E Hxet A4 27t
FE Zre] W] (2] (11) ~ 4 (17), TM F9 ZA 2 (2]
(27) ~ 2 (55)), 2L F A4l #FEA 7H] Molodensky-
Bakedas HZ2l(2] (26))0]t}. = XA FEA HIES 9
3l Molodensky-Badekas &A1) 4] (25)e} 4] (26)2] w7
WG 3he ofe] Aol oJs) 7idE o] A2l A8k

=4 1/5,000 PIRE] Z3 9] A= H3Btol| ARE-E|™(Table 4),
A2 7P Ae Age AEHoR FA A7AE
o]&)] 3= 3L Ath(Kwon et al., 2005; Yang, 2014).
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B sldolnE BelRl 2 A 7ED Boo] Ak A%
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A= FFAE dysia F A ke HE AAE Ao s)
AL doly Wzt dadt 7|2 FAES s A
HEAR Zo] 2ol A& TPl TMHEI T4 Al o

s 23] A atgich v oz Seuet 54 HEA N of
sto] Qofale] BEEhAl ARolA ZE AAS o 2 ol °F
T AR RS o] WME 2g] 5o AR wgo] 9
& =S sk,

#Ale| 2

o] At IFAAAYATAY] FaAREQ “I2IYt
A8t A AGEA H71E Nd(16-3411) A IH=2
TR ofo TAF =fUTh EEF AAF A eA =22
AAISE FE7EA] 28 FA i o] AARIKEAE AL =
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