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gitta mat nwée bién trung binh véi mat GEOID toan cau EGM
2008 & diém “0” do cao bang s6 liéu GPS-TC
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T khéa- trwong dd dwa ra co sé xdc dinh thé trong trwomg Wik va chénh cao giita mat

Geoid dia phwong va mdt Geoid toan cdu EGM2008 & diém “0” do cao bdng
cdc sd'liéu GPS-TC . Str dung trén 800 diém GPS-TC khdc nhau trong lwéi dd
cao Viét nam, da xdc dinh Wy va chénh cao giitra mdt geoid dia phwong va
- mat Geoid EGM-2008 & diém “0” d6 cao Hon Ddu. Két qud tinh todn str dung
biém “0” d¢ cao cdc mo hinh sai s6 khdc nhau dé xdc dinh dwoc gid tri c6 do tin cdy tét nhdt.
Két qud nhdn dworc la: Wole= 62636847, 465 m2/s?; 6(= 0, 865 m.
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Hé dd cao quéc gia
Thé trong treong dia
phwong

mot ving 1anh thd, ngoai ra xac dinh Geoid chung
1. M¢ dau cho toan bd trai dit goi la Geoid toan cau. Geoid
toan ciu dwoc dinh nghia 1a mit dang thé trwong
trong lwc toan cau cé xap xi tot nhat so véi mat
nuwéc bién trung binh toan ciu khéng chiu tac
déng cta cac diéu kién tw nhién nhw gi6, dong
chay, do man v. v... Hién nay mé hinh Geoid EGM-
2008 dwoc coi la md hinh Geoid toan cau. Nhw vay
cho thdy moi mit Geoid déu c6 gia tri thé trong
truedrng W, khac nhau, vi vay viéc xac dinh dwoc
thé trong truomg Geoid toan cau W, c6 thé xac
dinh dwogc thé trong trwong Geoid dia phuwong
Wl va tinh dwoc d6 chénh cao gitta mat Geoid
- toan ciu va Geoid dia phwong trén co s& ddsé
"Tdc gia lién hé thong nhat dwoc cac hé thong do cao khac nhau.
E-mail: minhle1410@gmail. com

Xac dinh thé trong trweong Woke diém “0”do
cao ctia hé d6 cao qudc gia la mdt bai todn quan
trongtrong viéc théng nhat cic hé théng dé cao
khac nhau, két néi hé d6 cao dia phwong véi hé do
cao toan ciu. Nhw di biét, Geoid dia phwong hay
con goi 1a Geoid cuc bd 1a mit dang thé c6 thé
trong treong W=Wo di qua diém “0” d6 cao xac
dinh theo mit nwédc bién trung binh, dwoc quan
tric nhiéu ndm & mot viing bién nhat dinh. Geoid
nay thuong dwoc xay dung cho mdi qudc gia hay
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Trén thé giGi (Bursa, 2002) da tinh gia tri Wo
va tlr d6 xac dinh dworc thé trong trirong Wole ctia
cac lwéi dia phwong, gin day c6 cac nghién ctru
cia (Kotsakis, Katsambalos, 2011; Grigoriadis,
Kotsakis, 2014) da st dung phwong phap naydé
xac dinh Wylc cia cac lwdi do cao khac nhau trén
cac ddo nham théng nhat ching vao mot hé do cao
théng nhat. O’ Viét nam trong thoi gian qua da c6
mot s6 cac nghién ctru trong Khuon khé dé tai cap
B0 va nha nwéc cia Vién khoa hoc Po dac va Ban
d6 vé hoan thién hé d6 cao quoc gia (2013) va
danh gia cac mat chuin mwc nuwéebién (2015), két
qua da tinh dworc gia tri Wolc va chénh cao giwa mat
nuwéc bién trung binh (mat Geoid cuc bd) & diém
Hon Dau v&i mé hinh EGM 2008, dya trén gia tri
cta 89 diém GPS/TC hang I. (Pham Hoang Lan va
nnk., 2013) da dé cap tinh gia tri Wolcbang viéc st
dung thé trong trudng toan cdu Wo cia mé hinh
EGM2008 va dit liéu GPS/TC.

Trong khudn khé bai bdo nay, tir viécirng
dung ly thuyét thé trong trwdng, ching tbi dwa ra
co s& xdy dung phuwong trinh tinh thé trong
trwong Woke & diém “0” do cao dwa trén thé trong
treong toan cau ctia mé hinh Geoid EGM-2008 va
s6 liéu GPS-TC trong hé théng lwéi do cao quoc gia
hién nay. Viéc xac dinh gia tri thé trong trueong va
chénh cao gitra mat nwéc bién trung binh & diém
“0” d6 cao Hon D4u v&i mit Geoid toan ciu EGM-
2008 duworc tinh toan dwa trén hon 800 diém thuy
chuin nha nwéc hang I, 11 va 11l ¢6 do GPS do Cuc
Po dac va Ban do6 Viét Nam thuc hién trong ca
nuwéc trong thoi gian qua. Trong khi tinh toan
ching t6i da thir nghiém trén cac mo hinh sai s6
khac nhau nham tim ra dwoc két qua tét nhat. Két
qua tinh to4n xac dinh dwgc thé trong trueorng Wole
& diém “0” do cao va chénh cao gitra diém “0” do
cao Hon D4u va mdt mé hinh Geoid toan ciu EGM-
2008 la:

Wole= 62636847, 465 m2/s2

87=0,865m

2. Co' s cua phwong phap

Trén (Hinh 1) ta c6: Hua =PQ -P cao tric dia
so v6i Ellipsoid quy chiéu (néu xac dinh bang do
GPS la Ellipsoid WGS-84).

(= PT =T»Q -Di thwong do cao.

hiey = Ha - Cc,
hy - D6 cao chuidn so v6i QuasiGeoid Dia
phuong,

(c-La di thwong do cao dia phuwong.

Nhu d4 biét, thé nhiéu Cp & diém p trén mat
dat dwoc xac dinh:

Cp=Wp-Up (D

Trong d6: Wp Thé trong trieong thue trai dat
& diém P va Up thé trong trwong chuln tai diém P
(Hinh1).

Theo (Eremeev, 1972; Simberev, 1975;
Chistopher, 2000; Iurkina, 1981) 4p dung ly
thuyét vé hé d6 cao chudn cia MX Molodenski
thoa man diéu kién:

Ur=Wp (2)

i Uo -Ur =Wy -Wp (3)

O day Ur- Thé trong trwong chudn cia diém T
twong ng trén mat Telurroid .

Uo- Thé trong trirong chuin & diém “0” do cao
trung v&i mat vai mat Ellipsoid.

Wo, -Thé trong truedorng thue trai dat & diém
“0” do cao.

Mit khac thé trong trweong chudn Up c6 thé
khai trién theo diy Taylor c6 dang:

au
Up = UT"'[%]T{P‘}'"' (4)
.. [V
Voi: [ o
Theo Phuong trinh (1) tacé:
Cp=Wp—=Ur+yrip
Theo (3) co:
Wp =W() —Uo +UT (5)
Thay (5) vao (4) ta dwoc: Cp = Wy — Uy +
‘yT(_P tl\.l’ dé Cé:
- Cp Wy-=U
= -P_"0 0 (6)
Yr Yr
Phuwong trinh (6) cho thdy méi quan hé gitra
di thwong dd cao {p va thé nhiéu Cp & di€ém P .
Phwong trinh trén cho thdy viéc xac dinh di
thwong dd cao chi dwa vao cac tri do trong lyc trén
bé mat dat:

] = =yr: - 1adi thudng d cao.

G = el

T phwong trinh (6) dé dang c6 dwoc cac
Phuong trinh sau:

Theo (Simberev, 1975)cé thé viét dugc cac
Phuwong trinh tinh d6 cao Geoid twong tw nhw sau:

- D6 cao Geoid toan ciu EGM-2008 cia diém
P so v¢i Ellipsoid WGS-84:

CP WO _ UgVGS_84

rc(P) v (7

Wo-Thé trong trudng toan cau ctia mo hinh
EGM-2008, Theo cac tai liéu dwoc cong bd
W, =62636856, 0 +0. 5 m2/s2
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-Dd cao Geoid dia phwong cua diém P so véi
Ellipsoid WGS-84:
Cp WL — ylwes—s4
{c(P) =—— (8)
re Yr Yr
Tur Phwong trinh (7) va (8) c6 thé xac dinh do
chénh gitra 2 mat Geoid ;

LC
CLc(P) = Grc(P) = % 9
Néu do bang cong nghé GPS:
1678 = Hyq — hye
Hia - DO cao Trac Dia trén mat Ellipsoid WGS-
84, xac dinh bang do GPS.
hi-Dd cao chuin cia diém do.
Thi Crc =Ceem-2008
Phuong trinh (9) c6 thé viét dwdi dang cho
tirng diém GPS-TC:
Wo — Ws©
Hy —hi—= = — (10)
L
Trwong hop c6 n diém GPS-TC , c6 thé viét
Phwong trinh (10) dwéi dang:

Zn(Hi —hi =)y =W —Wyg¢  (11)
1

Tl d6 néu biét Thé trong trudng toan cau Wy
c6 thé xac dinh duogc thé trong treomng Wil theo
phwong trinh:

n
1(Hi—hi — )y
WOLC =W, — i nl i)Vi (12)
Phwong trinh trén c6 thé viét dudi dang:
T(H; — h; = {;
VTR (e Yk S S

Do gia tri trong lwc binh thwdng y; trén cac

méc thay chuin hang I, I va III nwéc ta c6 do

chénh 16n nhit khéng vwot qua 0. 005m/s2
(500mGal) do d6 c6 thé thay:

n

Ytb =

3. Xac dinh gia tri Woleva chénh cao 8 ¢ diém
“0” d6 cao Hon Dau

Phwong trinh (13) c6 thé viét sai s6 trung
phwong cia thé trong treong diém “0” d6 cao nhw
sau:

2

o
(Mife)? = miyo + vy Y (14)
O day:
02= my2+mp2+mg? (15)

DE khdo sat danh gia cac sai s6 hé thdng cla
cac dit liéu GPS-TC va do cao Geoid ctia mo hinh
EGM-2008 khi xac dinh Wolc chting tbi viét Phuong
trinh (10) cho tirng diém GPS-TC dwéi dang
phwong trinh sai so:

LC
Wo— Wo™ ATx +v; (16)
L
xét 5 M6 hinh sai s6 nhu sau:

- Mo hinh 1: ATx = &sph;

Khdo sat sai s6 hé thong khac nhau giwa cac
dir liéu GPS(H), EGM-2008 ({) va dd cao thiy
chuin(h) do anh hwdng do cao(Pia hinh) .

- M6 hinh 2: Ai"x=0, Khong c6 sai s6 hé thong

- M6 hinh 3: AiTx= a(@i-@o)+b(Ai-As)cos @i

Xem xét anh hwdng hé théng do vi tri khong
gian cta cac gia tri GPS/EGM-2008 va h.
- Mo hinh 4: ATx= &sn Ni

H;y = hi=¢; =

Ivigt dit

I'-;Iét"l;elu:rmid

Nat Quasi Geoid dia

; .

| =
/— 6_—_“-‘%_1“:110 T

T Mt Ellipsoid

Hinh 1. Quan hé giira cdc mdt tham chiéu.
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Xét sai s6 hé thong do anh hwdéng d6 cao
Geoid.

- Mo hinh 5: AiTX: 85h h1+ 851\1 Nj

Xét cho ca anh hwéng doé cao h va do cao
Geoid.

Dé xac dinh gia tri thé trong trueong Wy'c &
diém “0” d6 cao Hon DAau, ching t6i da st dung
818 diém GPS-TC hang I, II, III trong dv an “Xay
dwng mo hinh Geoid dia phwong”do Cuc Po dacva
Ban d6 Viét Nam thuc hién trong nam 2009-2011,
cac dir liéu trén da dwoc kiém tra va loai bo cac sai
s0 16m bao gom: Sai s6 do dac thiy chuin, do GPS,
sai s0 do do nhAm mdc va do mdc bi lan.... T4t ca
cac diém GPS-TC da dwogc binh sai chit ché trong
mot mang lwdi thong nhit.

Két qua tinh toan dwgrc tién hanh trén cac so
liéu trong 3 Trudng hop sau:

- Trwong hop 1: S dung 234 diém GPS-TC
hang I

- Trwong hop 2: S dung 431 diém GPS-TC
hang I, II

- Trweomg hop 3: Str dung 818 diém GPS-TC
hang [, Il va Ill

Trong qua trinh tinh toan xac dinh gia tri Wl
va danh gia do chinh xac da 1ap hé phwong trinh
sai s6 nhw phwong trinh (16) cho mdi mé hinh ctia
tirng trwedng hop trén, trong khi tinh st dung cac
s6 liéu sau:

yi —gia tri trong lwc binh thwong trén ellipsoid
WGS-84 ctia diém i.
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Wy =62636856, 0 +0. 5m?/s2
DE tinh gia tri chénh cao 8 gitra mit nwéc
bién trung binh & diém Hon D4u st dung Phwong
trinh :
8¢ =(Wo-Wo') /yu
Két qua tinh toan cho tirng Trudong hop nhw
sau:

3.1. Trworng hop 1

Trwong hop nay ym,= 978524, 5997mGal.

Can ctr vao két qua trong (Bang 1), cho thiy
do6 chénh 1én nhat gitra két qua tinh theo mé hinh
3 vamo hinh 2 (khong cé sai s6 hé thdng), cling chi
khodng §W'c=0. 210m2/s2, sai s6 nay anh hudng
dén dd cao 1ém hon 2cm, diéu nay cho thiy anh
hwdng sai s6 hé théng trong cac dir liéu str dung
dé tinh gia tri Wo'c la khong dang ké. Vi két qua
trén thé trong trweomg & diém “0” do cao, va chénh
cao gitra diém “0” d6 cao va mat Geoid toan ciu
EGM-2008 la: Wlc=62636847,169 + 0. 137m2/s2;
§7=0,902m

3.2. Trwong hop 2

Trwong hop nay ym= 978478, 3033mGal

Theo két qua trong (Bang 2), d6 chénh 16n
nhat gitra két qua tinh theo mo hinh 3 va mé hinh
2 (khong c6 sai s6 hé thong), 1a 8Wlc=0.474mz2/s?,
sai s6 nay khoang 5¢cm anh hwdng dén do cao, nhw
vay cho thiy anh hwdng sai s6 trong cac dir liéu

Bdng 1. Trwdng hop str dung 234 diém GPS-TC hang 1.

~ — XTTIP
56 diém hl\i/[noh Wo' (m?/57) Mwo'e Sai/lvjlo 8 (m) (Wo=v6v§ 6;20856, 0)
1 62636847,108111 0.306 -0,141 | 0,908704 9,018
234 Hang 2 62636847,249173 0.307 0,000 | 0,894288 9,249
- 3 62636847, 039447 0.305 -0,210 | 0,915721 9,039
4 62636847, 282012 0.307 -0,033 | 0,890932 9,282
5 62636847,165779 0.306 -0,081 | 0,902810 9,165
TB 62636847,168904 0.137 0,902091 9,168
Bdng 2. Trwdong hop str dung 431 diém GPS-TC hang I, I1.
O isd - Lc
56 difm hl\‘l/lrfh Wo' (m?/s7) Mo sé%z:) 8¢ (m) (W0=V6v§65ygo856, 0)
1 62636847, 433033 0.299 -0,167 0,875540 8,567
431 2 62636847,600124 | 0.301 0,000 0,858463 8,400
Hang I, I 3 62636847,126209 | 0.298 -0,474 0,906897 8,873
i ’ 4 62636847,871018 0.300 +0,271 0,830778 8,130
5 62636847,697574 0.299 +0, 098 0,848504 8,302
TB 62636847,545592 0.134 0,864038 8,454
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Bdng 3. Truomg hop st dung 818 diém GPS-TC hang 1, 11, I11.

SG diém (Mo hinh|  Wole (m2/s2) Mwolc  [Sai s6 8Wold 87 (m) (w0=v6vé) 6'3‘,’208? 6, 0)
1 | 62636847,750172 | 0.377 | -0,131 | 0,843127 8,250
818 Hang 2 | 62636847,881300 | 0.378 | 0,000 | 0,829726 8,119
LIL I 3 | 62636847,706107 | 0.377 | -0,175 | 0,847630 8,293
g 4 | 62636847,101732 | 0.377 | -0,779 | 0,807198 7,898
5 | 62636847,967543 | 0.377 | +0,086 | 0,820912 8,032
TB 62636847, 681369 | 0.168 0,829718 8,118

str dung dé tinh gia tri Wy'c da tang Ién khi ting s6
diém GPS-TC. Sai s6 trén chi yéu do sai sd xac dinh
do cao h cuia cac diém thiy chuin hang II. Két qua
da xac dinh dwoc thé trong treomg & diém “0” do
cao Hon D4u va chénh cao gitra diém “0” do cao va
miat Geoid toan cau EGM-2008 la:
Wole=62636847,546 +0. 134m2/s2; 6{=0,864m.

3.3. Trwong hop 3

Trudng hop nay ym=978479,8681mGal

Theo két qua tinh trong (Bang 3), cho thay sai
sO trung phwong my,o clia tat ca 5 mo hinh tinh déu
c6 gia tri gdn nhw nhau d6 1éch rat nho khoang 10-
3, gia tri chénh nhau 16n nhat gitt mo hinh 4 va mé
hinh 2 (khong cé sai s6 hé théng) dat tdi:
SWole=0.779m2/s2, sai sd nay anh hwdéng khoang
8cm dén do cao. Nhw vdy néu ting so lwong diém
GPS-TC dé tinh thi anh hwdng cic sai s6 hé thong
sé tang. Sai s6 trén do sai s6 cta cac diém do cao
hang I1I (d6 cao hang III c6 sai s6 xac dinh trén
1km 16m gip 10 lan so véi thuy chudn hang I va 3
lan so v&i hang II Jva ngoai ra con do sai s6 xac
dinh do cao Geoid cia m6 hinh EGM-2008 trén cac
diém thdy chuin hang III & khu vyc mién nui cé
sai s0 16 trong khoang tir 0, 30m t&i 0. 60m. Két
qua xac dinh Wylc va chénh cao 67 la: Wyl=
62636847, 681+0. 168 m?2/s2; 6¢ =0, 830m.

4. Két luan.

Trén co sé tinh toan cho thay véi Truong hop
I cac sai s6 déu c6 gia tri (-), sai s6 hé théng dat gia
tri tuyét doi 16m nhat 1a 0. 210m2/s2 (Mo hinh 3),
gia tri nay anh hwéng dén do cao khoang hon 2cm.
C6 thé dé dang nhan thiy |Wlc|< mwo', nhw vy
sai s6 hé théng trong trwong hop I nho cé thé bo
qua. K&t qua xac dinh gia tri Wy, va chénh cao 8
cho trwomng hop nay la dang tin cay. Trwong hop 2
(St dung ca diém GPS-TC hang I va II), sai s6 hé
thong da c6 diu (-) va diu (+), gia tri tuyét déi lon

nhat dat 0. 474m?2/s2 (M6 hinh 3), sai s6 nay anh
hwdng khodng 5 cm téi d6 cao. Sai s6 hé thong
[8Wole|>mwo'c, nhw vdy sai s6 hé thong trong
trwedng hop nay can phai tinh dén. Ly do ting sai
s6 hé théng lién quan dén viéc b6 sung cic diém
thiy chuin hang II tham gia tinh Wy, sai sé trén
lién quan dén ty 1é gitra cac dit liéu tham gia tinh.
Trwong hop 3 (St dung tit ca cac diém GPS-TC
hang [, II va III), sai s6 hé théng co ban c6 diu (-),
gia tri tuyét doi 1on nhat la: §Wylc=0. 779m?2/s2
(M6hinh 4), sai s6 nay anh hwéng dén do cao
khoang 8cm . Sai s6 hé thong cho mé hinh 4 16n
hon nhiéu so vé&i sai s6 trung phuong:
|8Wolc|>myolc. Diéu nay cho thiy sai s6 hé thdng c6
anh hwdng kha lém dén két qua tinh Wolc, Nguyén
nhan lam ting sai s6 hé théng c6 thé do ting dir
liéu tinh toan, bang viéc b6 sung khdi lwong 16m
cac diém thdy chuin hang III, cic diém nay phin
bo nhiéu & khu vwe mién nui va dwoc xac dinh do
cao Geoid biang md hinh EGM-2008 c6 sai s6 lon
trong khoang tir 0.3m-0.6m . Nhw vay sai s trén
chti yéu do sai s6 xac dinh do cao Geoid giy ra.
Nhin chung nguyén nhin lam ting sai s6 hé théng
co ban véi cacly do sau:

- Pd chinh xac cua cac div liéu tham gia tinh
toan khac nhau: Pd chinh xac ctia do cao Trac dia
my <+5cm, d6 chinh x4c ctia do cao thiy chuin
mp<+1mmVL, d6i véi hang I, va hang II:
mp<+5mm VL , d6i véi hang I1I: mhstlommﬁ,
Con do6 chinh xac cda do cao Geoid my <x0. 5m.
Anh huéng clia sai s6 nay khong dang ké dén do
chinh xacmyolc dat khodng 0.04m?2/s? (khong tinh
dén sai s6 myo).

- Khéng dong nhat gitra cAc mé hinh nhw mé
hinh QuasiGeoid dia phwong va mo hinh Geoid
toan cau EGM-2008 . Su khéac biét trén c6 thé dan
t&i sai s6 myolc dat téi gia tri 0.5m2/s2. Két qua trén
cho thdy thé trong trwomg Wolc cia diém goc do
cao Hon D4u trong khoang tir
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62636847,169m?/s? - 62636847,681m2/s? cb
chénh 1éch 0. 512m2/s? va chénh cao 6¢ dwgc xac
dinh trong khoang ttr 0.830m - 0.902m c6 chénh
1éch 0.072m. Trén co s& phan tich trén, nhin thiy
anh hwdng cta sai s6 hé thong 1én két qua tinh gia
tri trung binh ctia Wolccho 3 trieong hop trén 5 mo
hinh sai s6 1a khong dang ké, do chénh léch 16n
nhit la 0.296m2/s?, sai s6 nay anh hwong dén do
cao khoang 3,6cm.

Gia tri trung binh ctia thé trong trwong diém
goc dd cao Hon Dau Wylc va chénh cao 6 cho 3
trwong hop trén c6 thé 14y bang: W=
62636847,465m?2/s%; §C =0, 865m.
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ABSTRACT

Determination method of the zero-height geopotential value Wolcand
different of surface between local geoid and global geoid EGM2008 at
the zero-height level using GPS/Leveling data
Minh Le 1, Anh Tuan Nguyen 2

1Vietnam Association of Geodesy and Cartography-Remote Sensing, Vietnam.
2Vietnam Institute of Geodesy and Cartography, Vietnam.

This article introduces a method to determine of the zero-height geopotential value WO0Ic and
difference between local Geoid and global Geoid EGM 2008 at the zero - height level. The global
geopotential Wo of the EGM2008 with GPS/leveling data of the local vertical networks of Vietnam is used
to estimate WOIlc and difference between their surfaces. The computation used some different error
models for more accuracy of the obtained results. The optimal results were achieved as W0lc = 62636847,

465 m2/s2; 8= 0, 865m.



