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XAC DINH PQ CAO GEOID VA DI THUONG TRQNG LUC
TU CAC HE SO HAM PIEU HOA CAU

NGUYEN VAN SANG, Truong Dai hoc M6 - Dia chat
PHAM VAN TUYEN, Céng ty c6 phéan Dich vu va thwong mai 568

Tém tat: Bai bao trinh bay chi tiét cdc cong thirc todn hoc, dé tinh dé cao geoid va di thuong
trong lyc trén co s sir dung Cac hé so ham diéu hoa cau ciia cdc mé hinh thé trong truong
va dugc Idp thanh chwong trinh may tinh “Geomat2015” bang ngon ngit lap trinh Matlab.
Céc tinh toan thuc nghiém duoc thuc hién voi CaC hé s6 ham diéu hoa cau ciia mé hinh thé
trong truong toan cau EGM2008 va vung thuc nghiém la trén vung bién Vinh Bdc Bé - Viét
Nam duwoc biéu dién & dang lwéi 6 vudng c6 kich thiede (6° x 6°) véi 874 diém ludi. Két qua
tinh todn duwoc so sanh véi két qud dwoc cung cap béi té chire The International Centre for
Global Earth Models (ICGEM) cho thdy sw diing ddin cia két qua tinh todn véi cdc thong ké:
dé léch I6n nhdt, nhé nhat va do léch chudn dat dwoc ciia @ cao geoid twong vmg la 0,0082m;
-0,0030m va +0,0015m va cua di thuong trong luc twong vng la 0,0588mgal; -0,2607 mgal

va +0,0264mgal.

1. Pit van dé

Trén thé gidi, do cao vé tinh duoc tng dung
rat hiéu qua trong nhiéu linh virc trong d6 c6 viéc
xac dinh di thuong trong luc bién, da c6 nhiéu
qudc gia trng dung két qua do cao vé tinh dé xac
dinh di thuong trong luc cho viung bién ciia minh.

Trong bai toan xac dinh di thuong trong luc
bién tir s6 lidu do cao vé tinh, co6 mdt bude rat
quan trong d6 1a loai bé phian d6 cao geoid
(Neowm) trong sb lidu do cao vé tinh va khoi phuc
lai di thuong trong lyc (Ageem) bang md hinh
trudng trong luc toan cau theo ky thuat “remove
- restore”. Hién nay c6 mot s6 to chuc trén thé
gi6i nhu ICGE cho phép tinh cac dai lugng néu
trén véi do chinh xac cao tir hé s6 ham diéu hoa

cau cua cac md hinh thé trong trudng khac nhau
nhung két qua tinh nay chi & dudi dang mét ludi
0 vudng tuy theo kich thudc nguoi st dung lua
chon. Trong bai toan xac dinh di thuong trong
luc bién béng s6 liu do cao vé tinh thi sb liéu
tinh toén lai ¢ dang cac diém roi rac. Nhu vay,
khong thé str dung phin mém sin c6 cua to chirc
trén dé tinh toan dj thuong trong luc va do cao
geoid duoc. Dé khic phuc didu d6 trong bai bao
nay ching tdi s& gidi thiéu chi tiét cac cong thirc
toan hoc, dé tinh ra do cao geoid va di thuong
trong luc & diém bat ky trén co s¢ stir dung Cac hé
s6 ham diéu hoa cau cua cac md hinh thé trong
truong va dugc 1ap thanh chuong trinh may tinh
dé tinh toan.

2. Cac cong thirc tinh d§ cao geoid va di thuong trong lywe tir cac hé s6 ham diéu hoa ciu
Cong thirc tong quat xac dinh do cao geoid va di thuong trong luc [1,5,6]:

Neg, =N +%|:Zm: (—j Z(En,m cos(MA) +Snm sin(m/l)) P _(sin (0')} : (1)
y.r ) m-o ’
N nax n o _ _
Aeoy = Gr—'l/{ >, (%) (n —1)Z(Cn,m cos(mA) +Sam sin(m/l)) P . (sin gp')} : (2)
n=2 m=0
trong d6: GM la hang s6 trong trudng dia tam;

r 1a ban kinh dia tdm cta diém xét;

y la gia toc luc trong truong chuan trén mit elipsoid;

a la ban truc 16n cua ellipsoid;
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@', A 1avido va kinh do dia tAm cua diém xét;

Cam , Snm |3 hé sb diéu hoa cau chudn hoa day du bac n, hang m;
P, .(sing") 1a ham Legendre két hop da chuan hoa;

N, la dai lvgng mirc 0 (zero-degree term).

a) Tinh ban Kinh r va vi dp dia tim @’ ciia tirng diém xét
Ban kinh dia tam ctua diém xét dugc tinh bang cong thuec:

201 _a2Yein2
r((/y):4/x2+y2+22:a\/1—e a S)_SIZn 2, (3)

1-e“sin‘“ ¢
_acosg. cos/i _acospsind __a(l-¢e’)sing @

\/1 e?sin? «/1 e?sin? \J1—e?sin? '
(0 ¢ @

Do vi dia tAm cua diém xét duge tinh béng cong thuc:

2
@' =arctan ﬁ =arctan Hg] tan (p} , (5)
+

trong d6: b la ban truc bé cua ellipsoid,;
¢, A lavidg va kinh d¢ dia ly ctua diem xét;
a’—b’
e = 1a tm sai thir nhat.
a
b) Tinh trong luc chtfdn trén mat elipsoid
Trong luc chuan trén mat ellipsoid dugc tinh theo cong thurc:

in? by —a
1+ksin“ ¢ S k= Vo~ e (6)

7(Q) =y, ——=V —_—
J1-e’sin’ @ ay,

trong do: y,,y, 1a trong luc chuén trén xich dao va cuc cua elipsoid.

¢) Tinh ham Legendre két hop da chudn héa
Dafgtt =SINg--U=COSP" ham Legendre két hop da chudn hoa ¢ thé dugc tinh theo cong thirc
truy hoi nhu sau:

+) Xét truong hop n>m: Pum(t) =4, , t.Posm(t) = b, -Pn-am(t), @)
Vi a, \/(Zn )(2n+1) . \/(2n+1)(n +m-hn-m-) @®)
(n-m)(n+m) " (n—m)(n+m)(2n -3)
+) Xét truong hop n=m:
- Khi: m<1taco: Poo(t)=1 va Pu(t) =~/3u. 9)
-Khim>1taco: Pam(t)=u 2m+1pm—1m—1(t)
hodc Pmm (t) =umJ§ﬁ Z'Z—Tl (10)
d) Tinh cos(mA) va sin(mA) 7
Sin(m A) = 2cos Asin((m—1A) —sin((m—2) 4). (11)
Cos(m A) =2cos A cos((m-1) 1) —cos((m—2) A1), (12)

+) V6i m=0: Sin(m A1) =0;cos(mA)=1.
+) Voim=1: Sin(m A) = Sin(1);cos(mA) = cos(A).
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e) Tinh dai lwong mirc 0 (zero-degree term):
N, Pai luong nay sinh ra khi [2,5]:

- Hang s6 trong truong dia tdm toan cau
G.M dugc str dung trong mé hinh EGM khéng
bang hang sb trong truong dia tim G.M, cla
ellipsoid quéc té.

- Su khac nhau cia tham sb hinh hoc cua
ellipsoid trong luc khac voi ellipsoid qudc té.
GM -GM, W,-U,

taco: N, = = (13)
Ry-7 Y

trong d6: Ro: ban kinh trung binh cua trai dat (Ro

=6371km);

Wo: thé trong truong thuc ciia mat
elipsoid toan cau;

Uo : thé trong trudng chuin clia mit
elipsoid quéc té;

7 : gia tc Iyc trong trudng chuan trung

binh ( =9.7976432222m.s ).

Nhu vay, ap dung cong thure (13) khi str dung
moé hinh EGM2008 (dugc gin vdi elipsoid trong
luc TFS2008) dé tinh toan véi ellipsoid qubc té

WGS84 thi dai lugng mirc 0 (zero-degree term)
c6 gia tri:
_ (3.986004415 - 3.986004418).10"

0 6371000x9.7976432222
_ 62636855.6693-62636851.7146 _ 0.4084m
0.7976432222

3. Xay dung chuwong trinh tinh d§ cao geoid va
di thudng trong luc tir cic hé sé diéu hoa cau

Trén co so cac cong thac tir (1) dén (13),
chiing t6i da tién hanh xay dung chuong trinh cho
phép tinh todn cta d6 cao geoid va di thuong
trong luc ctia diém bat ky khi cho biét cac thanh
phan toa do dia Iy (¢, A) cua cac diém can tinh.
Chuong trinh ¢6 tén 1a "Geomat2015”. So do
khdi ctia chwong trinh duoc trinh bay trén hinh 1.

Chuong trinh "Geomat2015” 1a mot t6 hop
ciia 10 chuong trinh con dugc viét bang ngdn
nglr 1ap trinh Matlab: EGM_ReadCnmSnm. m;
radgra.m; sinmlcosml.m; legfdn.m; hundu.m;
Undulation.m; GRA.m; DeltaG.m; N_EGM.m;
G_EGM.m. Chuong trinh dugc chay truc tiép
trén nén ctia phin mém Matlab.

( Geomat201 >

A

Bit dau

!

'

Doc file:(p,\)

DQC: CﬁJi? ; Sﬁ.m

Poc tham s6: GM;a,b,ye,Yp

| |
y

Tinh: Cyn.Cos(mA)+ Syn.Sin(m 2)

Tinh: ry,0° >

n.

Tinh: P, (sing")

Tinh: Newm ; Agem <

y
C Kétthae )

Hinh 1. So d@6 khoi ciia chwong trinh Geomat2015
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4. Tinh toan thwe nghiém

Céc tinh toan thyc nghiém dugc thuc hi¢n
v6i chuong trinh "Geomat2015” va st dung cac
hé s6 ham diéu hoa cau chuén hoa day di ctia mod
hinh the trong truong toan cau EGM2008 véi cac
hé s6 mé rong téi sb bac 2190 va sd hang 2159
do ICGEM cung cap[3] Vung thuc nghi¢ém la
trén ving bién Vinh Bac Bo - Viét Nam trong
pham vi vi 46 ¢ (16.9701° + 21. 47010) va kinh
do6 A(105.6167° + 108.3167°) duoc biéu dién &
dang lu6i 6 vuong co kich thudc (6” x 6°) voi 874
diém ludi. Cac két qua tinh toan dugc so sanh voi
két qua tinh toan do ICGEM cung cip.

Ly thuyét va cac cong thirc dung dé tinh do
cao geoid va di thuong trong luc cia ICGEM [1]
hoan toan tuong tu véi cac cong thuc da néu

trong bai bao nay, ciing v&i cac tham s khi tinh
toan voi ellipsoid WGS84:
GM = 3.986004418.10*m®/s?; ban truc 16n cta
ellipsoid a = 6378137.0 m.

Céc thong ké vé do léch 16n nhat, nho nhat,
trung binh, d0 léch trung phuong va do léch
chuan, duoc thé hién trén bang 1.

Két qua tinh toan thong ké & bang 1 cho thay,
d6 léch giita két qua tinh duoc so véi két qua
cung cap boi ICGEM la rat nho. Do léch trung
binh nho ching t6 trong két qua tinh khong co
chtra sai s6 hé thong. Két qua nay thé hién sy
chinh xac ctia cac cong thirc va chuong trinh thiét
1ap dugc. Do léch do cao geoid va di thuong
trong luc co dd thi tuan theo luat phan bd chuin
(hinh 2,3).

Bang 1. Thong ké d¢ léch dé cao geoid va di thwong trong lwc dege tinh tir két qua ciia chwong
trinh “Geomat2015 ”véi két qua dwoce cung cap béi ICGEM

Céc chi tiéu
Stt 5o sanh Neaw (M) AQeey (Mgal)

1 D¢ léch 16n nhét A, 0.0082 0.0588
2 D¢ léch nhé nhat A, -0.0030 -0.2607
3 Do léch trung binh A 0.0027 -0.0672
4 bJ léch trung phuong u +0.0031 +0.0722
S) Do léch tiéu chuan o +0.0015 +0.0264
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Hinh 2. Biéu do phdn bé dé léch chuan giita két qua tinh todn dé cao geoid véi két qua dioe cung
cap boi ICGEM
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Hinh 3. Biéu do phdn bé dg 1éch chudn giita két qud tinh todn di thwong trong lwc véi két qua dwoc
cung cap boi ICGEM

5. Két luin

- Cac két qua tinh toan ctia do cao geoid va
di thuong trong luc béng chuong trinh
"Geomat2015”dugc so sanh véi két qua cung
cdp boi The International Centre for Global
Earth Models (ICGEM) da khang dinh sy dung
ddn ca vé co s¢ ly thuyét va tinh toan thuc
nghiém ctia chuong trinh tinh.

- Chuong trinh "Geomat2015” ¢6 thé dung
dé khao sat do cao geoid va di thuong trong luc
tir cac hé s didu hoa ciu cua nhiéu mé hinh
truong trong luc toan cau khac nhau cho cac
diém bat ky khi biét cac thanh phan toa do dia ly
(9, L) cta cac diém can tinh.

- Céc cong thac va chuong trinh
"Geomat2015” c¢6 thé duoc dung dé loai b phan
do cao geoid trong s6 liéu do cao vé tinh va khoi
phuc lai dj thudng trong lwc bang mé hinh truong
trong luc toan cdu theo ky thuat “remove —
restore” trong bai toan xac dinh di thuong trong
lue tir s liéu do cao vé tinh.
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ABSTRACT
Determination of geoid height and gravity anomaly from spherical harmonic coefficients
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The article presents the detailed mathematical formulas to calculate the geoid height and gravity
anomaly by using spherical harmonic coefficients and established a computer program "Geomat2015”
by Matlab programming language. The geoid heights and gravity anomalies have been calculated by
using spherical harmonic coefficients of the Earth Gravitational Model EGM2008 in Gulf of Tonkin-
Vietnam is represented in the form of grid squares of size (6 ' x 6 ") with 874 points grid. The results are
compared with the results provided by The International Centre for Global Earth Models (ICGEM)
shows the correctness of calculation results with statistics: The maximum, minimum deviation and
standard deviation of the geoid heights being 0.0082m; -0.0030m and + 0.0015m respectively and

gravity anomalies being 0.0588mgal; -0.2607 mgal and +£0.0264mgal respectively.
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