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Calculation of Orthometric Height Based on Relative

Gravity in Mountainous Areas

Yeong - Hwa, Jeong

Department of Civil Engineering, Graduate School of industry
Pukyong National University

ABSTRACT

In Korea, orthometric height is adopted as standard height. However
normal orthometric height based on normal gravity is used because the
gravity survey is mnot completed on the whole country. To 'solve this
height system difference, we need to calculate orthometric correction,
which 1s the difference between leveling height as geometric height
and orthometric height as' physical height. Thus, gravity surveying
combined with leveling furnishes orthometric height.

In this study, used the relative gravimeter from .mountainous area
which is calculated orthometric-correction relatively: greater than flat
area, gravity was surveyed. Existing-six formulas are used to calculate
the orthometric correction for one network and proposed the optimum
calculation of orthometric correction. Based on the result of optimum
calculation is computed about orthometric height.

Among the existing formulas, Nassar’'s formula and Hwang's
formula are made a optimum estimation.

Therefore Korean geography consists mainly of mountainous area,

_Xi_



computation of orthometric height is required by using orthometric
correction. Recently utilizability about location information increased in
actual life, this study has contributed that accurate geodetic standard

can be made.
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Fig. 1.1 Flow chart of thesis
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Hofmann et al.(2005)0] A= <k MFES e

bk

Table 213 Zo] A

Table 2.1 Physical and geometrical constants required to compute nor-—

mal gravity using Somigliana’s closed formula(Featherstone, 1998)

GRS67 GRS80 WGS84
ve(mGal) 978031.84558 978032.67715 978032.53359
k 0.001931663383 0.001931851353 0.00193185138639
e’ 0.00669460532856 0.00669438002290 0.00669437999014
dritsds Adtets B T HQ17DEv= Feerh g, o

77 AgEwc o 37 wE o 2t

Yh =7p(1+Bsinfg, + Bisin 24, ) (2.18)

Table 2.2 Physical and ‘geometrical-constants.required to compute nor—

mal gravity using second-order ~Chebyshev approximate for—
mula(Featherstone, 1998)
GRS67/IGF67 GRS&0/IGF80
ve(mGal) 978031.8 978032.7
0 0.0053024 0.0053024
B, -0.0000059 -0.0000058

2 (2192 AAHA =7 10 *um/sec??] Chebyshey 2] A2 o 2 o]

17 -



(2.19)

approximate

GRS80
978032.6772
0.0052790414
0.0000232718
0.0000001262
(0.0000000007

Chebyshev

eighth—-order

GRS67
978031.8459
0.0052789660
0.0000232725
0.0000001262
0.0000000007

using

Table 2.3°]t}.
formula(Featherstone, 1998)

[e)

i=]
7E(1 +aosin2¢A+alsin4¢A +a281n6¢A +agsin8¢A)
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2] Ade] il e GEe] dAEHAN ge A fAu ageER T

(2006)°1 4 TUGGS] Al-&3k 7FAA S HlusiE A3t 1% 2000mo] U ol A
2 ghi= 2 (22007 Sl s A AR, A Al dHo]E o]~
& 98 10km7kA] gk 4 (22D)& FH AT

9, = 0.87—0.0000965h (mGal) (2.20)
9,=0.874—9.9 10" *h+3.56 <10~ °h* (mGal) (2.21)

Free-air 4ot T & 9&F& ¢ 84 T styel

g g 24 FFEHY Falel g IS AAs A, A TIEH

| 83ttt Fig. 253 #o] A& &1 7}

BeAs ), A (2222 ALolENAY FHH oo & oA TH

el #AE R o] FA(Tsuboi, 1983), 2 (2.23)2 2 (2.22)< HAU# A
o] 3HH A=Fst Fo] g (Hofmann et al., 2005).

£ o\
ro
ofy
1
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r>~
_0|L
rr
2
[0}
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Fig. 2.5 Geocentric distance to geoid and surface on a spherical earth

o\ 2
+§) ] (2.22)

——H (2.23)

AAHQ FEAN ag/oe BAAL Kol HF ol 2H AT FH7

A} oyfonE WAIEE A (223) A(224)0] €},

0
%x—£H (2.24)
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Az A (222)00 4 Q—gHFJr A (2.24)0] A —g)—azH—t— 0.3086 H (mGal) ©]

ol w2 Aeeolmw fleof Azpo] Ao R ofu] AAH ] AF

=

ol
1
A\
ol
X
rl
o
B
s
rlo
B
to
o,
i
=}
Ho
=2,
i
-
ol
M
o,
B
&L
-3
o,
ot

leo] Astmz el W & HAst= o] Bouguer HAo|Th
Fig. 269 A3 PollA #&sh= 92 4 (22502 AL (Tsuboi,
1983), oI, Fig. 2.7% o] z—Holil a—>ol A5 A3 PolA =#-§3}

= oelge A (2.26)0 T,

\ Earth's surface

Fig. 2.6 An isolated circular conical mountain(Tsuboi, 1983)

G, rZ
gy = 27TGP/O (7’2+22)3/2 dr
=G pz|1 — e (2.25)
SR @+ ) '

oA7IM, 2 ¢+ LA ZIEHAMTE A P7EA Eol(m)
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Earth's surface

1 Geoid
Po

Fig. 2.7 Bouguer plate(z— H, a—co)

g9, = 2nGpH (2.26)

2 (22600 AHEE p=2.67gcem *S UY3HH, Bouguer HAGZF Ag,
(2.27)°] o}

rr
1>

g, = 0.1119H(mGal )

wola] EFHojAolgt =HE ZF2Ho] AL 3}

o)) gtt}. Free-air ©]4¢ Agf% =2y =g

Ag; =g+, T ;)= (2.28)

Bouguer ©]d Ag,

rlo
e
ol
)

g g 712 F 24 g,, Free-air 274

[e)

%_
g5, L2131 Bouguer A g, 3= o A (229)% 22 #AAE 7HIH.

Agy=(9+g,+9,+9)—7 (2.29)
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2.2 EolAA
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lo,
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o
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__):1_111
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lo,
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ol
rlr
P
o,

g g 3s}r}. ITRS(International Terrestrial Reference System)oll A 7]+ €}
QA= 4N dra, f, v w)Ee BATOEZAN e A d F 9l

Uk ITRS= &3P 3ol A A stk A gtoll ik d AlA= ]l 53 71 o]

o

H~h—N (2.30)



29l GRS809] #tol+= ¢F 2mA EoltH(Meyer et al., 2006).

eEY Bol AMEHI v HYAED F U] GRS80 19794
Canberracll A 7§& ¥ A 172 IUGG(International Union of Geodesy and
Geophysics)F 3lol| A/l Aeld ZIFEFLAZ Al 142 F3|oA A==

GRS677F A2 271, 74, 29 s94e st § o &

ro
X

FEE A 2w FRE FH-ATR AR 45E

of
o
i

TeA YA o]2S 7Wwko 2 3 GRS80°] A ¢tEQith. Table 2.4
GRS802] w7 ¥ 5= o] T},

Table 2.4 Parameters of the GRS&0

Parameter Description Value
a semimajor axis of the ellipsoid 6378137 m
gy dynamical form factor 108263x10 &

geocentric gravitational constant, - 1,
GM . . 3986005x10° m?/s
including mass of the atmosphere

w angular velocity 729211510 ™ rad/s

WGS84+= GRS80E. 7IHke = 3 Zo|uy w7 Fhol 5 X}o]7}
AT} Table 25 WGS849-mj AWM 5 H o Frk

N
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Table 2.5 Parameters of the WGS84

Parameter Description Value
a semimajor axis of the ellipsoid 6378137 m
normalized second degree zonal
Cy harmonic coefficient of the gravitational -484.16685x10°°
potential
geocentric gravitational constant, e 3,9
GM . . 3986004.418x10° m”/s
including mass of the atmosphere
w angular velocity 7292115x10 "' rad/s

2.2.2 Geopotential number®} & ¥ 1 (Dynamic height)

g 74A A

Hi
o,
=2
)
ot
=
ot
ol
12
=]
=l
rir
~
ol
o
o)
(o
e
rir
o
-
rTU
lo,

CeAERTAeletr 9

A WA EaA9) WeEEWel HF o8/t Bt Eade) W

~dW=gén =g 6Hy (2.31)

1714, ¢ ¢ FABAAS T

=
N
_0|L
o
)
Hie
o,
2
il
e
=
ileh
g
oty
ol
o
fr
=]
[-a 1
o,

B B
Wy—W, = —Zén-g :_/ g dn (2.32)
A A

A7IA, W,  AA AolA e xuld

W, A pelAe £d4
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Ao F AMFte] xdld Wt oisk 4 (232)S AFEste]l AH A4
of| 5] Geopotential number(Cy)+= 2 (2.33)¢]3L, Geopotential number®l

e Ad Ao Ea(H)E 2 (2.34)0]th

A
/ g dn=W, —W, =C, (2.33)

(2.34)
AZNM, w, ¢ AR ApelM el EEA

C, © A Aol A9 Geopotential number

sk I Z AL A =
HEIL HAGo] QHL A (284)0 oot HEal AL A (235)E
A=R-2R=

:%f (9—7+7)dn=f Ttk S (2.35)
A

= An,z+DC,p

A7IA, Anyy @ AR A, BZYe] S5 1At

B, _
DC,y 0 AR A, BLY] dET wg(z/ 9—77dn>
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2.2.3 A ¥ 31 (Orthometric height)

Heiskanen et al.(1967)o A A E @ “d4H thA] LelxH %] Qo=
o] EE] =o]”& Aol ¢l o National Resources Canada(2008)<] A
T “Aeol=o gk AAHAF] Ax FF AFH A o]=3ke A’}

Aogtt. o714 A& (plumb line)ol &t “AlF-FH el o3 HE TE

Rl

oloj il AR HolE A Ae Az i, a1 AHY

\Wg
B\‘Vl
Geoid Wo
Fig. 2.8 Leveling and orthometric height
on points A, B(Hofmann et al., 2005)

C, = / g dH (2.36)

2 (236)00 AF A9 AAAEEe FsY A (23De A& 4
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(2.38) 2. % Geopotential number2}
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(2.41)
(2.42)
(2.43)
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Fig. 2.9 Spirit leveling(Hofmann et al., 2005)

2.3.1 Nassar, M.M.¢] ZALR A ZF

19773 UNB Technical Reporte]l 2@ Gravity Field and Levelled
Heights in Canada°ll A AtE A5HE 7|EWlT=E g AAERA G A
Ao R 7]EY USC & GS9O BARAR 2(245)=-A &4 3t3k Ao
™ 2(2.46)3 o)

_ — A "

OC,p= —2n 45 ¢ sin2¢,4p 1+(cl'_ CC% )cos2¢AB Ad4g (2.45)
1

AZNA, n s T ESFANNY S o] EaLe) FT

Ay p - SA A= A (:¢B_¢A)
¢ - A (=0.002644, USC & GS formulas)
cy - A= (=0.000007, USC & GS formulas)

LYY :

0C, s

= Ay, 5= 45 D¢y ¢ sindd 4 p (2.46)

Y AB

AZNM, vt A BT A Bt A



Aqup 2 BIFEHE A (Fyp—va)

AAAer T WA F& A A% 27 AQANS A4aH

~0.0041mm = AME I o] e HAEly] 28E ZomwE the 2 (248)
G

& 45=67"30
A, 5= larc min (A 2] 2 kmel| th3h) (2.47)
nap=2km

0C, =~ ok BB (2.48)
Vis© DPap

x40, (424940 et 7 pmaln, +np) = k= Any g,

2 2
Ay p=vp—748 A3t A tH oo 4 (249)°] =t
1 2
OCypy === [nA &o>qp) + AnAB(VAB_VB)] (2.49)

Y 4B

12]al, Nassar®] 25 THd| o3 AR AT AFA2 4 (250)3

Faguy

—[nA@A_EB>+AnAB(§AB_§B>] (2.50)
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Fig. 2.10 Orthometric height and dynamic 'height(Hofmann et al., 2005)

AH,,=H,—H,= Hy,— H,— Ho+ H} + Hi— H}

= AHS,+ (H,— HL)— (H,— HY) (2.51)

5

A (235)9 A AHY,= An,,+DC 2 Aodtoerns Axam

—
)

5

AH= 7 AR AEDS GEN Aolg Favw AT F 9
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Fig. 2.11 Difference height from the geoid

-

on the safr;aj'gi_x equipotential gx__t-iffface
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—1 N b (2.52)

2l (253)¥ #o] Dynamic correction

A (254 e® vgA 2o F 5 St

T

Hy,—Hi=—DC,, (2.53)
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AH,p= AH{p+DC, ,—DCy = Anyp+DCyp+DC, ,— DCy

A= AARAGTF 0C, ;& 2 (255), 2 (256)0] th.

(2.54)

OC, = DCyy+ DC, 4+ DCy . = DCyy+ DCyp +DCy y +DCy s =DCpp s 4

A4 7 i=A4
Ag—4 §A Ya
= dH IR
DCA“A / A, Ya Ya

2.3.3 Hwang, C. and Hsiao, Y.S.9] RAIR A&

4 (239014 fE8 FARgFor AARFe e 4

.
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C, C 1 C
AHAB HB HA:_—B _—A:_—(CB—CA)+_—A—_—A
dp 94 9B dp 924
1 B C C
= — [ gdn+=—"-= (2.57)
gpv A 9 Ya

A7NA, g @ AN A=Fe

21 (2579 +¥E Urd s A (258)8 4 (259)0] H T
c, C g
———=H [——A—lj (2.58)
9B 94 9B
1 B ) i, 4
— [ gdn==— 1 (g—gpzt+gpldn
gB A gB A
B B i
— dnt = [ (g=g s)in
A gpY A
k 1 k _
zz&lﬁ——z(gi—gg)dn
i=1 gpi=1
1 o
= Anypt+—,(g,— g 5)n; (2.59)
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1 & _ g
AH,p=Anyp+— 3 (g, — g 5)on, + HA[_—A— 1} (2.60)

9B
(2.61)
Sz A7y vlaA #S A2 @Qkm olu)olal TSo] WX oAt

d, 82 golol e A dr2 SATHL Jpgstd 4 (262)

4 (259 FET 5 Ak ohebA 2kmold] ZH1re] AR FE

1[4 - 1 (94195 -
—_— (g=gp)dn=— 4 = B_gB)AnAB (2.62)
gpY B dpB
7 g\ + g g
OC\ps= ——( - 5 z _QB) Anyp HA(——A_ 1} (2.63)
9B 9B

2.3.4 Strang, H.o| RZAIR A %

19924 ‘Practical Formulas for The Computation of The Orthometric,

Dynamic and Normal Heights' =% 3% ¥ 332} ° 2 Bouguer % &

otE MR Fggtt

OC,ps=0.114x10"" n 45 Anyp—1.02X10*(Agji— Agin 4 p
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—0.83x10 *sin2¢ 45 S n 4z (2.64)

A7IM, § 1 F FEHA, B A4
Agh o A A9lA 9 Bouguer &gl

A==
T e
Aght FF7 BolA 9] Bouguer F 3ol
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3. ddTHY 5% R AT
31 ZdFH 5%

A po A LaCoste & Rombergitel G&E 5 G-899(FA &=

o AT E A9 ScintrexAle] CGH(FYE, Aegd®) &4 Aus
g3t AUTEs S G-8999 CG-59 FE:= Fig. 3.1%

Fig. 320131 A Y2 Table 3.1°|t}. Fig. 332 FxdolA CGHE FdF

O
ol é{ _ﬁo

N

Fig. 3.2 CG-5 relative gravimeter(Scintrex, 2006)
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Table 3.1 Specification of G-899 and CG-5

Gravimeter G-899 CG-5
Sensor type Metal spring Metal spring
Reading resolution(uGal) 5 1
Range without
] 7000 8000
resetting (m Gal)
Residual long term
) <0.033 <0.02
drift(m Gal/day)
Weight(kg) 3.2 (7lbs) 8 (17.51bs)
Dimensions(cm) 19.7x17.8x25.1 30(H)%22x21
Operating temperature(C) 0 to +45 -40 to +45
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Table 3.2 Absolute gravity stations

) Kyung—Pook National Korea Research Institute of
Location . . .
University Standards and Science
Longitude 35° 537127 36° 237 06"
Latitude 128° 36 " 54”7 127° 227247
Height(m) 43 76.54
Gravity
979815.957 979832.444
(m Gal)
311 AEEE AY

BAdEwEAqe 5871 1% Fwdel ul
Table 33011, A&Edw e 9= AdlTd H(ID:900010)s 4714
o}

o o] G892 PUFAL ZFA

ot
o
=
of\
1%
A\
ol
i)
i
s
i)
dlo

Table 3.3 Relative gravity in benchmarks(Gyeongbuk)

i Date B . Inétrument Relative
(yymmdd) height(em) |gravity (m Gal)

900010 090128 13:36 36.0 3363.367
BMO7 090128 14:04 4.0 3363.529
14-00-00 090128 14:21 21.0 3365.276
14-02-02 090128 14:41 41.0 3365.753
14-02-01 090128 14:51 51.0 3366.291
19-21-00 090131 13:28 28.0 3417.418
19-11-00 090131 14:27 27.0 3391.773
BM10 090131 15:39 39.0 3402.707
14-35-00 090131 16:00 0.0 3408.423
900010 090131 17:31 31.0 3363.377
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312 AHFE Y

Table 34°]11, =FFA T4 e ddsE F(ID:900020)s =714
=

o2 3o CG-H= A=

Table 3.4 Relative gravity in benchmarks(Jeonnam)

D Date T Instrument R.elative
(yymmdd) height(cm) | gravity(m Gal)
900020 090824 9:52 63.8 3875.840
01-10-22-28 090828 9:53 53.5 3771.982
01-10-22-28 090828 11:55 53.4 3772.079
04-22-00 090828 12:30 50.0 3709:134
04-21-01 090828 12:54 56.5 3737.123
01-00-30-03 | 090829 1321 52,0 3742.459
01-00-30-07 | 090829 13:47 529 3702387
04-21-00 | 090829 14:42 54.2 3760.999
04-20-01 090829 15:08 55.2 3763.193
900020 090829 18:27 63.8 3879.975

FuieeEe] 7|1EHEA AME 2 gAY = Tt Table 359
Table 3.6°|t}. Drift2 A& ¢1gt 2F x99 Drift RAAT 2 Heol&
t}S Table 3.70]t}.
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Table 3.5 Relative gravity correction(Gyeongbuk)

ID

Tide correction

Instrument

height correction

Drift correction

(mGal) (mGal) (mGal)
900010 0.004 0.111 0.042
BMO7 0.016 0.012 -0.099
14-00-00 0.013 0.065 -0.006
14-02-02 0.008 0.127 -0.027
14-02-01 0.005 0.157 0.057
19-21-00 0.019 0.086 0.059
19-11-00 0.043 0.083 0.033
BM10 0.055 0.120 -0.053
14-35-00 0.054 0.000 -0.044
900010 0.025 0.096 =0.042

Table 3.6 Relative gravity correction(Jeonnam)

Tide correction

Instrument

Drift correction

ID height correction
(mGal) (mGal)
(m Gal)

900020 =0.056 0.197 0.011
01-10-22-28 0.046 0.165 -0.020
01-10-22-28 0.006 0.165 -0.013

04-22-00 -0.005 0.154 =0.002
04-21-01 -0.012 0.174 0.029
01-00-30-03 -0.007 0.160 -0.018
01-00-30-07 -0.018 0.163 0.018
04-21-00 -0.037 0.167 0.040
04-20-01 -0.044 0.170 -0.017
900020 -0.059 0.197 -0.011

_42_



Table 3.7 Drift parameter and Bias parameter

Gyeongbuk Jeonnam
Drift parameter
(mGal/day) 0.032 0.775
Bias parameter 4547.483 5043.526
(mGal)

Table 3.8 Absolute gravity and gravity anomaly(Gyeongbuk)

| Absolute | Free—air |\Bouguer
' h Height \
No. 1D Latitude |Longitude gravity | anomaly | anomaly

m) Wt | (meayy mca)

BMO7 30.89131 | 128.5993 | 72.5200 | 979816.170 | 28.690 | '20.580

14-00-00 | ' 35.88505 | 128.5822 | 60.7390 | 979317.880| 27.260 | 20.460

14-01-00 |'85.89381 -128.5523 | 57.0800 | 979818.400| 25.940° | 19.560

14-01-01 | 35.90355 :128.545 | 57.1240 | 979818.970] 25690 | 19.300

Ol | x| WD |+~

14-02-00 | 35.92129 [-128:5489 | 59.5400 | 979820.080| 26.020 | 19.360

54 19-20-00 | 36.90624 | 128.0144 | 183.4390|979862.390 | 21.510 0.980

55 19-21-00 | 36.90513 | 127.9644 | 153.1800|979870.000 | 19.880 2.740

56 19-22-00 | 36.92838 | 127.9317 | 106.1990 | 979879.810| 13.160 1.280

57 19-23-00 | 36.96024 | 127.9259 | 118.9530|979881.750 | 16.280 2.970

58 BM12 36.98989 | 127.9268 |115.1240 | 979887.900| 18.670 5.790
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Table 3.9 Absolute gravity and gravity anomaly(Jeonnam)

Height Absolute | Free—air | Bouguer
el
No. 1D Latitude |Longitude (m) gravity |anomaly | anomaly
m

(mGal) | (mGal) | (mGal)

01-10-22-28| 35.39717 | 127.3706 | 91.3120 |979725.560| -13.820 | -24.040

01-00-04-31| 35.38733 | 127.396 | 109.3790 |979719.920| -13.050 | -25.290

01-00-04-29| 35.36878 | 127.4369 | 272.0920 |979686.900| 5.730 | -24.720

01-00-04-28| 35.35489 | 127.4372 | 335.1000 |979675.240| 14.700 | -22.800

Ol [ | W DN |+~

01-00-04-26| 35.31408 | 127.4334 | 120.2810 |979721.890| -1.460 | -14.920

18 04-22-00 | 3544678 | 127.4888 | 406.1179 |979662.430| 15.960 | -29.480

19 04-21-01 | 35.44906 | 127.4758 | 268.8594 |979690.560| 1.540 | -28.540

20 04-21-00 | 35.45839 | 127.4505 | 148.8882 |979713.530| -13.310 | -29.970

21 04-20-01 | 35.45664 | 127.4345 | 138.8768 |979715.760]+=14.010 | -29.550

22 04-20-00 | 3543647 | 127.419 | 124.2642 \979718.770| -13.800 | -27.700

34 AsH A

ArsEe (Axd mE  THHGSE GRS80  wistel 1980
International formula 2} (2.12), Somigliana’s closed formula 2] (2.17),
Chebyshey @] 2% A2 24(2.18), 18] 3L Chebyshey o] 8xF A2 2]
(219002 ALtstda 1 A= g A e wiskel Table 3.109 Table
3112 AztAd

Table 3.10 Normal gravity in benchmarks(Gyeongbuk)

1980 Somigliana’s Chebyshey's Chebyshey's
1D International closed second-order eighth—-order
formula formual formula formula
BMO7 982931.551 982931.549 982931.551 982931.549
14-00-00 982917.710 982917.707 982917.710 982917.707
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14-01-00 982937.463 982937.461 982937.463 982937.461
14-01-01 982959.941 982959.941 982959.941 982959.941
14-02-00 982998.593 982998.595 982998.593 982998.595
19-20-00 980658.745 980658.678 980658.745 980658.678
19-21-00 980664.501 980664.434 980664.501 980664.434
19-22-00 980543.945 980543.878 980543.945 980543.878
19-23-00 980379.103 980379.036 980379.103 980379.036

BM12 980226.600 980226.534 980226.600 980226.534

Table 3.11 Normal gravity in benchmarks(Jeonnam)

1980 Somigliana’s Chebyshey's Chebyshey's
1D International closed second=order eighth—-order
formula formual formula formula

01-10-22-28|  980900.852 980900.786 930900.852 980900.786
01-00-04-31| 980850.050 980849.983 930850.050 930849.984
01-00-04-29|  980754.065 980753.998 980754.065 980753.998
01-00-04-28|  980682.074 930682.007 980682.074 930682.007
01-00-04-26| 980470.541 930470.474 980470.541 980470.474
04-22-00 981154.987 981154.923 981154.987 981154.923
04-21-01 981166.562 981166.498 981166.562 981166.498
04-21-00 981213.808 931213.745 981215.808 981213.745
04-20-01 981204.961 981204.898 981204.961 981204.898
04-20-00 981102.515 981102.450 981102.515 981102.450
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Table 4.2°]t}.

Table 4.1 Orthometric correction(Gyeongbuk)(mm)

2o A (249), A (250), 2(256), 2(2.61),
. ZF i 9E®2 Table 4.13%

o, Nassar H(;iminn Hwang et al. Strang
OCypy1 | OCugaply OCups | OCip1ty OUCugs | OCupe

1-2 0.094 ~0.0482 -0.3626 -0.0071 =0.0483 -0.1297
2-3 -0.118 -0.0126 -0.1274 -0.0026 -0.0126 -0.0451
3-4 -0.131 -0.0333 ~0.0113 -0.0336 -0.0334 -0.0017
4-5 -0.229 -0.0780 0.0556 -0.0859 -0.0783 0.0037
5-6 -0.373 0.0484 0.5083 0.0114 0.0486 0.2048
54-55 1 -0.099 -0.8657 -0.2466 ~0.5483 -0.8664 -0.1077
55-56 1.594 -0.7705 -0:1823 -0.3200 -0:7711 -0.1112
56-57 1.893 -0.3469 0.2681 -0.4254 =0.3471 0.0299
57-58 1.821 -0.6955 0.1726 -0.6647 -0.6958 -0.3780
58-1 -25.855 7.2015 -3.4017 5.7886 7.2144 1.5282

Table 4.2 Orthometric correction(Jeonnam)(mm)

o, Nassar H(;inﬁ.nn Hwang et al. Strang
OCAB,I OCAB,Q OCAB,3 OCABA OCAB,F) OCAB,G
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1-2 0.5197 0.4202 2.5999 0.3872 0.4207 0.1016
2-3 1.8666 3.7381 19.7136 4.5683 3.7423 2.7093
3-4 2.2286 1.9555 8.6917 1.4187 1.9575 1.5786
4-5 49118 -6.6022 -13.6564 -0.3754 -6.6079 -7.4313
5-6 3.4444 52.0929 65.5675 88.2130 52.1392 48.5148
18-19 | -0.3981 -5.6722 -20.5916 -2.1130 -5.6806 -5.9973
19-20 | -1.0058 -2.7241 -18.9250 -0.5487 —2.7282 -3.0270
20-21 0.1297 -0.2025 -1.3751 -0.1313 -0.2028 -0.4324
21-22 1.3738 -0.2375 -0.7435 -0.1368 -0.2378 -0.6513
22-1 2.2158 -0.4390 -2.0404 -0.1952 -0.4396 -1.2826

zb g A ol gk X 1= Table 413 Table 4.2914 AlAtd AHA
o]

HALES A (244)0 gdste] AFaxE Ao 193 AME A
FuXERE 4 FEHe AFaE AAFSiSa, Zy:= Table 4.3%

Table 4.40]t}.

Table 4.3 Orthometric “height(Gyeongbuk)(m )

Nassar LIeThari Hwang et al. Strang

No. et al.
OCyp OCyp,» OCyp,3 OCyp.4 OCyps OCyp
1 72.5200 72.5200 72.5200 72.5200 72.5200 72.5200
2 60.7391 60.7390 60.7386 60.7390 60.7390 60.7389
3 57.0800 57.0799 57.0795 57.0800 57.0799 57.0798
4 57.1238 57.1239 57.1235 57.1240 57.1239 57.1238
5 59.5396 59.5398 59.5396 59.5399 59.5398 59.5398
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55 153.2251 | 153.1700 | 153.1881 | 153.1908 | 153.1700 | 153.2043

56 106.2457 | 106.1882 | 1062070 | 106.2094 | 106.1882 | 106.2231
57 119.0016 | 1189419 | 1189612 | 1189630 | 1189419 | 1189772
58 1151744 | 1151122 | 1151324 | 115.1334 | 1151122 | 115.1478

1 72.5446 72.5154 72.5250 72.5351 72.5154 72.5453

Table 4.4 Orthometric height(Jeonnam)(m)
Nassar Lloitre Hwang et al. Strang
No. et al.

OCyp OCyp.» OCyp3 OCups | OCups | OCupg

1 91.3120 91.3120 91.3120 91.3120 91.3120 91.3120
2 109.3795 | 109.3794 109.3816 109.3794 | 109.3794 | 109.3791
3 272.0944 | 272.0962 2721143 | _272.0970 | 272.0962 | 272.0948
4 335.1046 | 335.1061 335.1310 | 335.1064 |-335.1061 | 335.1044
5 120.2905 | 120.2805 120.2984 120.2870 | 120.2805 | 120.2780
19 268.8289 | 268.8606 268.8275 | 12689390 | 268.8606 | 268.8489
20 148.8567 | 148.8866 148.8374 148.9672 | 148.8366 | 148.8746
21 138.8454 | . 138.8750 138.8246 138.9557 | 138.8750 | 138.8628
22 124.2342 | 124.2622 124.2113 124.3430 | 124.2622 | 124.2496

1 91.2842 91.3096 91.2570 91.3906 91.3096 91.2961
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Table 4.5 Pearson correlation analysis of among each orthometric cor—

rection(Gyeongbuk)

OCyp

OCyp.»

OCyp.3

OCyp.4

OCyps

OCyp.e

Pearson

1

-0.215491244

0.497616496

—0.194880906

-0.215676778

0.059452898

Sig

0.104257095

7.06006x10

0.142660075

0.103951978

0.657537306

Pearson

-0.215491244

1

0.478349007

0.896940099

0.99999985

0.955146236

Sig

0.104257095

0.000145931

1.67246x10

2.3178x10 #

2.80872x10™"

Pearson

0.497616496

0.478349007

1

0.40776537

0.47848371

0.61706291

Sig

7.06006E-05

0.000145931

0.001487211

0.000145214

2.48916x10

Pearson

-0.194880906

0.896940099

0.40776537

1

0.896982628

0.88611776

Sig

0.142660075

1.67246x10 !

0.001487211

1.65421x10 %

2.36094x10 %

Pearson

-0.215676778

0:99999985

0.47848371

0.896982628

1

0.955097271

Sig

0.103951978

2.3178x10

0.000145214

1.65421x10-*

2.89396x10 !

Pearson

0.059452898

0.955146236

0.61706291

0.88611776

0.955097271

1

Sig

0.657537306

2.80872x10

2.48916x10

2.36094x10 %

2.89396x10
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Table 4.6 Pearson correlation analysis of among each orthometric cor—

rection(Jeonnam)
OCyupy | OCypy | OCypy | OCyp, | OCyp;s | OCypg
Pearson 1 0533306463 | 0.604577454 | 0.359136561 | 053332494 | 052381111
OC 41—
Sig 0.010591587 | 0.002878654 | 0.100700262 | 0.010588384 | 0.012346028
Pearson | 0.533306463 1 0.929890904 | 0.919295743 | 0.999999994 | 0.999230235
OC, s ( -
Sig [ 0.010591587 3.86898x10°|1.51138x10 | 5.0785x10™* |1.31374x10
Pearson | 0.604577454 | 0.929890904 1 0.849332659 | 0.929915339 | 0.927284304
OCyp;3 -
Sig | 0.002878654 |3.86898x10 7" 5.75332x10"|3.85589x10 '*|5.51264x10 "
Pearson | 0.359136561 | 0.919295743 | 0.849332659 1 0.919284199 | 0.911151783
OCyp.4 - - a
Sig [ 0.100700262 {1.51138x10 *|5.75332x10™" 1.51347x10 ™| 3.81848x10 ™
Pearson| 053332494 | 0.999999994+ 0.929915389"-0.919284199 1 0.999230994
OClsz;s ‘
Sig [ 0.010588384 | 5.0785%10 ¥ [3.85589x10 '*[1.51347x10 ™ 1.30086x10°
Pearson||0.52381111 | 0.999230235 | 0.927284304 | 0.911151783 | 0.999230994 1
OCyp.5——
Sig [ 0012346028 |1.31374x10 *|551264x10 °|3.81848x10 *|1.30086x10 *
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Table 4.7 Pearson correlation analysis of between orthometric correction
and height(Gyeongbuk)

OCy OCyp,, O0Cyp,; OC)p.4 OCug,s OCup
Pearson| 0.145739969 | 0.870762629 | 0.794453634 | 0.746797376 |- 0.870753258"| 0.916657568
Sig 0.27500814 | 6.59236x10 ' | 9.84332x10 ' | 1.68597x10 "' | 6.6049x10 ¥ | 57251610 *

Table 4.8 Pearson correlation analysis of between orthometric correction

and height(Jeonnam)

OCypi\ | #OCup> [ROCups |[OCuE: | OCups | QCuss
Pearson|| 0.422998655'| 0.952006123 | 0.961642225 | 0.935733603 | 0.952012534 | 0.949422067
Sig [ 0.049829349 | 9:59422:40.1% | 1.062x10 ™ | 1.65977x10 " | 9.58167x10 % 1.60352x10
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Table 4.9 The sum of orthomertic correction(Gyeongbuk)(mm)
210Cua1 | 210Cuas | D210Cans | 210Csau | DI0Cuas | D10Cus
24.5670 -4.6012 49977 15.1388 -4.6095 25.3295
Table 4.10 The sum of orthomertic correction(Jeonnam)(mm)
D30Cu4, | 230Cmas/| 229C a5 | 2IOCKAE WD IO0C 45| 230Ca 46
=-27.7719 —=2.4367 -54.9940 718.5647 -2.4430 -15.9261
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