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TINH TOAN DI THUONG PQ CAO CHO KHU VUC VIET NAM
TREN CO SO SU DUNG HE SO HAM DPIEU HOA CAU CHUAN HOA

PAY PU CUA MO HINH THE TRONG TRUONG TOAN CAU EGM2008

BUI KHAC LUYEN, VU BINH TOAN
Truwong Dai hoc Mo - Dia chat

Tém tit: Bai bao trinh bay co so ly thuyét cia viéc tinh todn di thiong dé cao trén co so si
dung hé so ham diéu hoa cdau va dp dung trong tinh todan cho khu vuc Viét Nam. Két qua
tinh todn véi mé hinh thé trong truong toan cau EGM2008 toi 56 bdc 2190 duwoc so sanh véi
két qua dwoc tinh t0an va cung cdp boi Co quan Théng tin - Dia khéng gian Quéc gia My
(NGA) trén 858 diém phdn bé déu trén khu viee Viét Nam véi kich thude 255257 bao gom
39 hang va 22 cét cho thay sw ding dén ciia két qua tinh todn véi dé léch 1ém nhat, nhé nhat
va dé léch chudan dat dwoc twong g la 0,0019m; -0,0010m va +0,0006m. Dé danh gid mirc
dé phit hop ciia mé hinh thé trong truong toan cau EGM2008 trén khu viee Viét Nam, két
qud tinh todn con dwoc so sanh véi két qua dwoc xdc dinh tir 816 diém GPS-T) iy chudn phii
trim lanh thé Viét Nam. S liéu so sanh cho thay do léch tudn theo ludt phdn bo chudn voi

dé 1éch 16m nhdt, nhé nhat va dé 1éch chuan dat dwoc lan luot 13 1,613m;

£0,297m.

1. Gié6i thiéu

Thong qua cic hé s6 ham diéu hoa cau
chuén héa ddy di ctia mo hinh thé trong trudng
toan cau EGM2008 dugc cung cip boi Co quan
Thong tin - Dia khong gian Qubc gia My
(NGA\) chiing ta c6 thé xac dinh duogc cac gia tri
di thuong do cao, do cao geoid va di thuong
trong luc cho vi tri bt ky trén bé mat Trai dat.
Trong bai bio nay ching t6i da tién hanh xay
dung chuong trinh tinh toan di thuong do cao
va do cao geoid trén co s¢ sir dung h¢ s6 ham
diéu hoa cau va thuc nghiém tinh toan cho khu
vuc Viét Nam trong pham vi 4o vi
8,166667°+24° va do kinh 102°+110,75°. Dé
kiém chimg co so 1y thuyét va thuc nghiém tinh
toan, chiing t6i d tién hanh so sanh két qua tinh
toan duoc v6i két qua dugc tinh toan va cung
cap boi NGA, va da ching minh tinh dang dan
ciia két qua tinh toan thong qua cac chi tiéu
thong ké véi do léch 16n nhat, nho nhat va do
léch chuén dat duoc 1a 0,0019m; -0,0010m va
+0,0006m. Do léch trén 1a rit nhé va duge cho
1a do sy tich liy cua sai s tinh toan véi sb vong
lap rat 16n twong Gmg véi s6 bac rat cao clia mod

-0,170m va

hinh thé trong truong toan cau EGM2008.
Thong qua 816 diém GPS-Thuy chudn phu trim
lanh thd Viét Nam trong pham vi d§ vi
8,9867641%:23,2732358°, d6 kinh 102,795819°
+109,402047°, két qua tinh toan d3 dugc SO
sanh dé chimg minh muc d6 phu hop cia mé
hinh EGM2008 & khu vyc Viét Nam. S6 liu
thong ké cho thdy d¢ léch 16n nhat, nho nhét va
d6 1éch chudn dat dugc twong tmg 1a 1,613m; -
0,170m va +0,297m. Bén canh d0, su sai khac
con ton tai 6 1éch hé thdng va dai luong nay c6
thé duoc khic phuc mot phan thong qua tha tuc
thiét 14p mo hinh bé mat hiéu chinh va chinh
xac héa. Ngoai ra, chung toi tién hanh khao sat
su thay d6i ciia do 1éch gitra két qua tinh toan tir
hé s6 ham diéu hoa cau chuin hoéa diy da véi
két qua xac dinh tir dir lieu GPS-Thuy chudn
theo s6 bac, theo d6 gia tri do léch chuan giam
nhanh khi sé bac ting 1én dén khoang 200 va
sau d6 gia tri ndy giam cham lai. Cu thé gia tri
d6 léch chuan dat dwoc la 1,252m twong ung
v6i bac 30 giam xudng 1a 0,400m va 0,287m
tuong tng v4i bac 180 va 2190. Cubi cung, két
qua tinh toan d6 cao geoid bang hé s6 ham diéu
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hoa cdu chuin héa didy du ctia mé hinh
EGM2008 t6i sb bac 2190 con duge so sanh véi
két qua tinh toan thong qua ndi suy dua trén co
s dit liéu d cao geoid tinh trude dugc cho &
dang mat ludi déu voi kich thude 1a 10'x10";
2,5'x2,5" va 1'x1’. Két qua cho thdy cac gia tri
do 1éch giam di 10 rét khi kich thudc ludi cua co
so dir liéu giam. Véi cung mot loai co sé dir
liéu, phuong phép ndi suy song binh phuong
cho do chinh xac t6t nhit sau d6 1a phuong
phap song tuyén, phuong phap ndi suy lang
giéng git nhat cho két qua kém nhét. Khi sir
dung co s¢ dir li€u voi kich thude 1'x1’ voi
phuong phap ndi suy song binh phuong cho do
léch rat nho voi do léch 16n nhat, d6 1éch nho
nhat va do léch chuan dat duoc twong tng la
0,0008m; -0,0019m va £0,0005m tuong ung, va
anh hudng cua sai s6 ndi suy duoc xem nhu
khong dang ké, c6 thé bo qua.
2. Mé hinh Thé trong truwdong toan ciu
EGM2008

M6 hinh Thé trong truong toan cau
EGM2008 dugc phat trién boi Co quan Thong
tin - Dia khong gian Qubc Gia My (NGA) trén
co s6 str dung két hop dit liéu do dac bai vé tinh
gradient trong luc GRACE vdéi1 co s¢ dir licu
truong trong luc toan cau ¢6 do phan giai 5'x5'.
EGM2008 duogc phat trién ti s6 bac va s6 hang
2159 va cac hé s6 ham diéu hoa cdu mo rong téi
s6 bac 2190 va s6 hang 2159 [7,8]. Theo cé4c két
qua da dugc cong bd, ¢ nhitng khu vuc c6 dir
liéu trong luc véi chét lugng tdt, do léch gitra
do cao geoid trén mo hinh EGM2008 voi két

{(p, A1) = T((p,/'l T) oM Z [cosm&

qua duogc xac dinh moét cach doc lap tur dir licu
GPS-Thity chuan dat dugc trong pham vi £5cm
dén £10cm. Trong khi do, do léch day doi trén
mo hinh EGM2008 so vai d6 1éch day doi dugc
xéac dinh doc 1ap tir s6 liéu do Thién van - Tric
dia trén khu vuc My va Australia dat dugc trong
pham vi +1,1” dén +1,3”. So v&i md hinh
EGM96, mé hinh EGM2008 d cai tién dugc
gip 6 1an vé d6 phan giai, va gip tir 3 dén 6 lan
vé do chinh xac, phu thudc vao khu vuc khao
sat va dir liéu trong truong c6 dugce tai khu vuc
d6 [7]. M6 hinh EGM2008 sir dung hé s6 trong
truong GMecm=3986004,415x108m?/s?, va ban
kinh ban truc 16n aeem=6378136,3m.

Co quan Théng tin - Dia khong gian Qudc

gia My d3 cung cap cac san pham lién quan dén
mod hinh thé trong truong toan cau EGM2008,
d6 1a cac hé sb ham diéu hoa cau chuan hoa day
da & ca hé tridu khong va hé thong khong phu
thudc triéu, cac két qua tinh toan do cao geoid
tir hé s6 ham diéu hoa cau chuan hoa diy du &
dang mit ludi v6i kich thude 1'x1’ va 2,5'x2,5',
V.V.
3. Tinh toan di thuong do cao trén co so st
dung hé s6 ham diéu hoa ciu chuin héa day
di ciia md hinh thé trong trudng toan ciu
EGM2008

Véi cac h¢ sé ham diéu hoa ciu chuan
hoa day du cia mo hinh thé trong truong toan
cau EGM2008 véi s6 bac va sd hang 2159 két
hop véi cac hé s mo rong téi sd bac 2190 va sb
hang 2159, di thudng d6 cao co thé duoc xac
dinh theo cong thirc [3]:

> () ConPunlsing) +

n=max(2,m)
M 1)

sinmA Z (g)n SumP,

n=max(2,m)

trong d6: M 1a s6 bac 16n nhét;

yla gia tri trong luc chuén trén mit ellipsoid;

GM 13 hang s6 trong truong Trai dat;
r 1a ban kinh dia tAm cua diém Xét;
®, A: toa do dlem Xe€t;

Cnm, Sym: hé sb ham diéu hoa cdu chuin héa day da bac n, hang m;
P, (sing): ham sé Legendre lién hop chuan héa ddy du bac n hang m.
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Ham s Legendre lién hop chuan hoa diy du B,,,,(sing) c6 thé dugc tinh toan sir dung cong

thirc truy hdi sau:

Py (sing) = aym. Sing. Pp_1 1y (sing@) — by . Pp_g m(sing), véin > m;

_ _ 2m+1) _ 2
P m(sing) = cosg TPm 1m-1(sing),véim > 1.

trong do,

B (2n—1)(2n+1)_
Gnm = m-—mn+m)’

®3)

_ 2n+1)(n+m-1)(n—-—m-1)
nm (n—m)(n+m)(2n — 3)

Pé tinh duoc cac dai luong trong (2) can sir
dung céc gia tri khoi ddu nhu sau:

Poo(sing) = 1, Py o(sing) =
V3sing, P, ; (sing) = vV3cosg.

Trén co so cac cong thic (1) dén (3), chling
t6i da tién hanh xdy dung chuong trinh cho
phép tinh toan gia tri di thudong do cao cua diém
bat ky trén co s& cho biét cac thanh phan toa do
(p,A). Dé kiém chimg két qua tinh toan duoc,
chung t6i tién hanh trich loc tir két qua tinh toan
d6 cao geoid dugc cung cip boi NGA véi kich
thudc mat ludi 1a 2,5'x2,5' thanh cac gia tri voi
kich thuéc mit lugi 1a 25'x25'. Khi d6 téng sb
diém c6 dugc 1a 858 diém, duoc phan bd vai 39
hang va 22 cot. Sb lidu thuc nghiém dugc gidi
han trong pham vi d vi 8,166667° + 24° va d6
kinh 102°+110,75°.

Pé kiém chung cac két qua tinh duoc,
chting t6i tién hanh tinh toan cac dai luong

thong ké d¢ 1éch gitra két qua tinh toan dugc
v6i két qua cung cap boi NGA, bao goém do
1éch 16n nhéat, nhé nhit, trung binh, d l¢éch
trung phuong va d¢ léch chuin, dugc thé
hién trén bang 2. Két qua tinh toan cho thiy
do léch giita s6 lidu tinh duoc vai sd licu
duoc cung cip boi NGA tudn theo luat phan
bd chuin (hinh 1), dong thoi d6 léch dat
duoc 1a rat nho, véi o léch 16n nhat va nho
nhét twong tng 1a 0,0019m va -0,0010m, va
dd léch trung phuong cling nhu d¢ léch
chuan dat duoc tuwong tng l1a +0,0009m va
+0,0006m. Do léch dat dugc ¢ trén la do su
tich lily ctia sai s tinh toan khi sir dung cac
cong thie (1) dén (3) vé6i s lan lap la rat
lon, tuong Gng voi s6 bac cao cia md hinh
thé trong truong toan cau EGM2008. Két qua
d6 ciing thé hién sy dung din cua chuong
trinh thiét lap duogc.

Bang 1. Két qud so sanh do cao geoid duwgc tinh todn trén co so sur dung cdc hé s6 ham diéu hoa
cau chudn héa day di ciia mé hinh EGM2008 t6i s6 béic 2190 véi két qua dwoc cung cap boi NGA

STT bovi () Do kinh (°) N coef (m) NNGA (m) AN (m)
1 24.0000000  102,0000000  -34.6799 34679 0,0009
2 240000000 102.4166670  -33.6943 -33.693 0,0013
3 240000000 102.8333330  -33.3214 -33.320 0.0014
4 240000000 103.2500000  -32.6898 -32.689 0.0008
5 240000000 103.6666670  -32.0253 -32.024 0.0013

857 81666670 1103333330 17,6176 17,617 -0,0006

858 81666670 110 7500000 18,9820 18,981 -0,0010

Trén bang 1, N 1a d6 cao geoid tinh toan tir hé s6 ham diéu hoa cau chuan hoa diy du ciia mo
hinh thé trong trudong toan cau EGM2008;

NNCA: 36 cao geoid duoc cung cap boi NGA:;

AN = NNGA _Ncoef'
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Bang 2. T héng ké do léch do cao geoid dwoc tinh todn trén co so sir dung cdc hé s6 ham diéu hoa
cau chudn héa day di ciia mé hinh EGM2008 t6i s6 bdac 2190 véi két qua dwoc cung cap béi NGA

Pon vi: mét
Dai luong so sanh Lénnhdt  Nhonhdt Trungbinh  Trung phwong D9 léch chuan
Do cao geoid 0,0019 -0,0010 0,0007 +0,0009 +0,0006

Trén bang 2, o I¢ch trung phuong va dd 1éch chuan dugc tinh theo cong thirc sau:

A [AiAi];o_:i [(Ai_E)Z].

n n—1

trong do, u: do Iéch trung phuong;
o: d0 1éch chuan;
A;: @6 léch gita két qua tinh toan voi két qua dugc cung cip boi NGA cua diém
kiém tra tht i;
A: do 1&ch trung binh;
n: s6 diém kiém tra.
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.
Hinh 1. Biéu do phén bé dg léch chudn giita két qua tinh todn véi két qua dwoc cung cdp béi NGA

4. So sanh cac két qua tinh toan véi di  GPS-Thuy chuan phan bd déu trén lanh tho Viét
thwong dd cao xac dinh tir két qua do GPS-  Nam. Dit liéu dung trong so sanh bao gém 816
Thiiy chuin diém GPS-Thily chudn phan b trong pham vi

Nhu di biét, trong danh gia moé hinh mo dd vi 8,9867641°+23,2732358°, @0 kinh
hinh geoid xay dung duoc, viéc so sanh d6 cao  102,795819°:109,402047° (hinh 2). Cac s6 liéu
geoid voi do cao tric dia nhan duoc tir két qua  théng ké do léch dugc thé hién trén bang 3 va
do GNSS, va dd cao chinh hay d¢ cao chuan bang 4, Két qua so sanh cho thay do 1éch 16n
nhan duoc tir két qua do thuy chudn hinh hoc o nhit va nho nhit dat duogc 1a 1,613m va -
cac diém roi rac s& thé hién mot cach hop ly vé 0,170m tuong tng, va do léch chuan dat duoc 1a
d6 chinh xdc ciia mo6 hinh. Vi vy, bén canh  +0,297m. Hinh 3 thé hién biéu d6 phan bb do
viéc so sanh ket qua tinh todn dugc v6i do cao  léch chudn giita két qua tinh toan véi két qua
geoid cung cap bdi NGA, ching t6i c6 ti€n  xac dinh tir dit liéu do song trung GPS-Thiy
hanh tinh toan di thuong d6 cao tai cac diém  chuan.
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Hinh 2. So' d6 phdn bé diém GPS-Thity chudn

Bang 3. Két qua so sanh dj thuong do cao dwoc tinh toan trén co so sw dung cac hé $6 ham diéu
hoa cau chuan hoa day du cia mé hinh EGM2008 toi so bac 2190 voi két qua nhan dwoc tur dir liéu
GPS-Thuy chudan

STT Povi(®)  Pokinh(®)  F(m) ST (m) AZ (M)
1 8.98676413  104.8276937 -6.795 -6.116 0.679
2 9.02311874  105.1860132 -5.579 -4.993 0.586
3 9.07434870  104.9680639 -6.613 -6.005 0.608
4 9.17441569  105.1667292 -6.112 -5.464 0.649
5 9.17821086  105.2871761 -5.598 -4.841 0.758

815  23.22120222  105.4180987 -28.773 -28.260 0.513

816  23.27323577 105.3254936 -28.920 -28.270 0.650

Trén bang 3, ¢ 14 dj thudng d6 cao tinh toan tir hé s6 ham diéu hoa ciu chuan hoa day du cua
mo hinh thé trong trudng toan cau EGM2008;
CGPS'TC: di thuong do cao tinh toan tur dir liéu do GPS-thuy chuén;
AC = CGPS—TC _gcoef_
Bang 4. T, h(fng ké do léch di thuong do cao dwoc tinh toan trén co so sw dung cac hé s6 ham diéu
hoa cau chuan héa a"d‘y dii ciia mé hinh EGM2008 t6i s6 bédc 2190 véi két qud nhan duoc tw dir liéu
GPS-Thuiy chudn

Pon vi: mét.
Pai lugng so sanh Lénnhat Nhonhat Trungbinh  Trung phuong D6 léch chuan
Di thudng do cao 1,613 -0,170 0,753 +0,810 +0,297
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Hin,h 3. Biébf do phé}; bé do léch chbgcfn gitta cdc gid tri di thuong do cao tinh toan dya trén cdc h¢
§0 ham diéu hoa cau chuan hoa day du cua mé hinh EGM2008 t6i so bdc 2190 voi ket qua tinh
toan bang dir liéu GPS-Thily chuan
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Hinh 4. Biéu dé thé hién sy thay doi gid tri do 1éch chudn gitka di thwong do cao xdc dinh tir hé sé
ham diéu hoa cau chuan hoa day du cua mo hinh thé trong truong toan cau EGM2008 voi ket qua
xdc dinh tw dit liéu do song trung GPS-Thiy chudn theo so bdc cua hé so ham diéu hoa cau

M6 hinh thé trong trudng toan cau
EGM2008 duoc phit trién t6i s6 bac va hang 1a
2159, tuy nhién con tuy thudc vao dir li¢u dung
dé xdy dung nén mo hinh d6 ma do chinh xéac
cia mo hinh khong ddng déu khi so sanh & cac
khu vyc khac nhau. Ciing v6i dit liéu GPS-Thuy
chuan ké trén, chung t6i tién hanh danh gia do
léch giita két qua tinh toan & cac sd bac khac
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nhau véi két qua xac dinh tu ditr li¢u do song
trang GPS-Thuy chuan (hinh 4). Két qua tinh
toan cho thay, d¢ léch chuan giam rat nhanh khi
s6 bac tang 1én dén xép xi 200, sau s6 bac nay,
gia tri d6 1éch chuén thay d6i cham.

Bang viéc img dung co s& dit liéu duge xac
dinh tr md hinh thé trong trudng toan cau
EGM2008, tac gia Hans-Gerd Duenck-Kerst da



phat trién tng dung c6 tén 1a Alltrans
EGM2008 Calculator. Véi phan mém nay,
ngudi dung cé thé st dung co so dit lidu c6 san
tich hop trong phan mém véi kich thudc 6 ludi
10'x10" hodc co s¢ dir lieu khac do nguoi st
dung dua vao dé tinh toan gia tri 6 cao geoid
trén co s& st dung cac phuong phép ndi suy la
song binh phuong (bi-quadratic), song tuyén
(bi-linear), tam gidc (triangulation) hodc lang
ging gén nhat (nearest neighbor) [4].

Pé danh gia kha ning ung dung cua
phuong phap tinh toan ké trén, ciing véi 816
diém GPS-thily chuan, ching t6i tién hanh tinh
toan va so sanh cac gié tri do cao geoid duogc
tinh toan dya vao cac hé s6 ham diéu hoa cau
chuan hoa day du cia mé hinh thé trong truong
toan cau EGM2008 véi két qua tinh toan trén co
s& ndi suy bang phan mém Alltrans EGM2008
Calculator. Két qua khao sat dugc so sanh thong

qua ca 4 phuong phap ndi suy ciing nhu 3 co so
dir liu d6 cao geoid vdi kich thude 10'x10';
2,5'x2,5" va 1'x1’. Dua vao két qua so sanh
duoc thé hién trén bang 5 c6 thé thiy ring cac
gia tri d§ 1é€ch giam di rd rét khi kich thude mat
ludi cua co s¢ dir liéu gidm. Trong khi do, voi
cung mot co s¢ dir liéu, phuong phap ndi suy
song binh phuong cho d¢ chinh xac tét nhat sau
do la phuong phap ndi suy song tuyen phuong
phap noi suy lang giéng gan nhat cho két qua
noi suy kém nhat. Khi st dung co sé dir lidu
tinh trudc véi kich thude 1'x1’, phuong phap
ndi suy song binh phuong cho do léch rat nho,
v6i do léch 16n nhat va do léch trung phuong
dat dugc tuong ung la 0,0019m va +0,0008m.
Véi d6 1éch ké trén c6 thé xem nhu sai sb do
anh huong cua viée ndi suy 1a khong dang ké va
c6 thé bo qua.

Bdng 5. So sanh dé cao geoid xdc dinh tir hé s6 ham diéu hoa cau chudan héa ddy dii ciia mé hinh
the trong truong toan cau EGM2008 toi so bdc 2190 voi ket qua ngi suy bang phan mém Alltrans
EGM2008 Calculator

Pon vi: mét

Kich thudc lusi 10'%x10’ 25'%2.5' 1'x1’
Do léch Lonnhdt | M9 | Lonnndt| "9 | Lonnnde| U9
‘ i phuong phuong phuong
ﬁ;‘:tg gieng  ganl 47253 | +0,2032 | 0,1750 | +0,0520 | 0,0701 | +0,0206
Tarm gidc 0,4879 | +0.1020 | 0,1317 | +0,0223 | 0,0720 | +0,0087
sOn% < 0,2695 | +0,0522 | 0,0318 | +0,0050 | 0,0069 | +0,0013
gy 0,3004 | +0,0419 | 0,0085 | +0,0018 | 0,0019 | +0,0008
Song binh phuong

5. Két luan

- Théng qua cac hé s ham diéu hoa cau
chuén héa ddy di ctia mo hinh thé trong trudng
toan cau EGM2008 t6i s6 bac 2190 ¢6 thé tinh
toan dugc di thuong d6 cao va do cao geoid cho
khu vuc Viét Nam. Cac két qua tinh toan duogc
so sanh voi két qua cung cdp boi Co quan
Thong tin - bia khong gian Quoc gia My
(NGA) di khang dinh su ding dén ca vé co s
1y thuyét va tinh toan thuc nghiém.

- Két qua so sanh di thuong do cao dugc
tinh toan trén co s& st dung hé s6 ham diéu hoa
cau chuan hoéa ddy du ciia mo hinh EGM2008

v6i két qua tinh toan tir dit litu GPS-Thuay
chuan cho do léch 16n nhit va nho nhat tuong
ung la 1,613m va -0,170m, va d6 1éch chuén dat
duoc 1a £0,297m. Su sai khac nay chu yéu 1a do
sur ton tai clia sai s6 ciia Mo hinh EGM2008 trén
khu vyc Viét Nam do thiéu dit liéu do dac chi
tiét. Bén canh do con ton tai do 1éch hé théng
do su khéc biét gitta muc nudc bién trung binh
tai Hon D4u v6i bé mat geoid toan cau.

- Ngoai vi¢c tinh todn dua vao céc hé )
ham diéu hoa ciu chuan hoa day du, do cao
geoid hay di thuong d6 cao con c6 thé dugc tinh
toan thong qua ndi suy tir cac két qua tinh trude
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¢ dang ludi déu. Két qua tinh toan trén 816
diém ¢ khu vuc Viét Nam cho thiy khi sir dung
co so dir lidu véi kich thude 1'x1’, két qua noi
suy bang phuong phap song binh phuwong cho
sai s6 rat nhé va xem nhu anh hudng ciia n6 co
thé bo qua. Khi khai thac di thuong do cao cho
khu vyc Viét Nam tr mo hinh EGM2008 st
dung phan mém Alltrans EGM2008 Calculator
nén st dung phuong phdp ndi suy song binh
phuong véi co sé dir licu voi kich thude 1'x1’
hoac 2,5'x2,5".

TAI LIEU THAM KHAO

[1]. A. Ellman, J. Kaminskis, E. Parseliunas, H.
Jurgenson, T. Oja, Evaluation results of the
Earth Gravitational Model EGMO08 over the
Baltic countries.

[2]. C. Kotsakis, K. Katsambalos, D.
Ampatzidis, and M. Gianniou (2010),
Evaluation of EGMO08 using GPS and levelling
heights in Greece, International Association of
Geodesy Symposia VVolume 135, pp 481-488.
[3]. Christian Hirt (2012), Efficient and
accurate  high-degree  spherical harmonic
synthesis of gravity field functionals at the

Earth’s surface using the gradient approach,
Journal of Geodesy, Volume 86, pp 729-744.
[4]. http://www.brothersoft.com/alltrans-
egm2008-calculator-216023.html.
[5]. L& Minh, (2005), Xay dung co s¢ dir liéu
truong trong luc toan ciu, thanh 14p md hinh
geoid d6 chinh xé4c cao trén lanh thé Viét Nam
phuc vu nghién ctru hoat dong cua Trai dat va
dbi méi cong nghé do do cao bang hé théng
dinh vi toan cau, Béo cdo téng két khoa hoc va
ky thuat.
[6]. Nguyen Tuan Anh (2013), Nghién ctru xac
dinh s0 béc tbi da ciia md hinh hé sé diéu hoa
cau trong thuc té tinh toan di thuong do cao trén
lanh thd Viét Nam, Tap chi Khoa hoc Po dac va
Ban d6 s6 17-9/2013.
[7]. Nikolaos K. Pavlis, Simon A. Holmes,
Steve C. Kenyon, and John K. Factor (2012),
The development and evaluation of the Earth
Gravitational Model 2008 (EGM2008), Journal
of Geophysical Research, vol 117.
[8]. Pavlis NK, Holmes SA, Kenyon SC, Factor
JK (2008), An Earth Gravitational Model to
Degree 2160: EGM2008, Presented at the 2008
General Asembly of the European Geosciences
Union, Vienna, Austria, April 13-18, 2008.

SUMMARY
Computation of Height Anomaly in Vietnam territory using fully-normalised spherical harmonic
coefficients of The Earth Gravitational Model EGM2008
Bui Khac Luyen, Vu Dinh Toan
Hanoi University of Mining and Geology

The paper deals with the basis of theory used for calculating height anomalies by using spherical
harmonic coefficients and applies for computing the height anomalies in Vietnam territory. The height
anomalies have been calculated by using fully-normalised spherical harmonic coefficients of the Earth
Gravitational Model EGM2008 up to degree 2190 in Vietnam territory are evaluated by the results computed
and provided by the US. National Geospatial-Intelligence Agency (NGA) which express a reasonable
agreement with maximum deviation, minimum deviation and standard deviation being 0.0019m; -0.0010m
and +0.0006m corresponding. For evaluating the agreement of the model EGM2008 in Vietnam the results
were also compared with GPS-levelling derived height anomalies at 816 points with maximum discrepancy
and minimum discrepancy being 1.613m and -0.170m corresponding, and standard deviation of +0.297m.
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