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Tom tat: ,

Bai bao khoa hoc nay da xac dinh yéu cau d6 chinh xéac cla céc toa do Ellipsoid B,L,H
trong hé toa dé dong Iuc quéc gia, xac dinh cac méi quan hé giita viéc xay dung Hé do
cao qudc gia dua trén mét Geoid va xay dung mé hinh Quasigeoid do chinh xac cao, va
giL"fa viéc xay dung mo hinh Quasigeoid dé chinh xac cao va xay dung hé toa dé dong luc
quéc gla Tur day da xac dinh duge 5 nhém bai toan khoa hoc - ky thuét phai gidi quyét déng

thdi nhdm xay dung Hé do cao dua trén mat Geoid gén két véi viéc xay dung Hé toa do
doéng luc quéc gia.

1. Dat van dé

iéc xay dung hé toa d dong luc quéc gia (hé toa do khong gian dia tam quédc gia)
Edu’dc dat trén co sé thong nhat hé toa dd m&t bang va hé dé cao quéc gia trong hé

toa do khong gian quéc gia thdng nhat. Nhiéu nudc hosic nhém nudc da va dang xay
dung cac hé toa d6 khong gian. Hé toa do qudc gia Bac My - NADS83 1a Hé toa do khong
gian dia tam dudc xay dung vao nam 1983 dua trén Ellipsoid GRS80 [1]. Nam 1987 Tiéu
ban 1.3a clia Héi Trac dia quéc t& IAG (International Association of Geodesy) (sau nay
dugc goi la T8 chic Khung quy chiéu Chau Au - EUREF (European Reference Earth
Frame) da quyét dinh phat trién Hé théng quy chi€u Qua dat Chau Au ETRS89 (European
Terrestrial Reference System 1989) dua trén cong nghé GPS va Ellipsoid GRS80 [2]. Vao
nam 2002, cac mang lugi tam giac OSTN (Ordnance Survey Triangulation Network) ciia
Vuong quéc Anh dudc ndi véi Hé quy chi€u Qua dat Chau Au ETRS89. Két qua da xay
dung dugc Hé toa dé khong gian dia tam OS Net (Ordnance Survey Network) clia nuéc
Anh dugc lién két véi ETRS89. M6 hinh Geoid ctia nudc Anh c6 tén OSGMO02 (Ordnance
Survey Geoid Model 2002) c6 dd chinh xac 2cm & nudc Anh va 4cm & céc khu vuc khac
[3]. N&m 1982 Australia da tién hanh binh sai mang luéi tric dia quéc gia va xay dung dudc
Hé toa dé khong gian dia tam AGD84 (Australian Geodetic Datum 1984) [4]. Hé toa do
khéng gian dia tam PND94 (Papua New Guinea’s Geodetic Datum 1994) clia Papua New
Guinea dugc xay du’ng cung vdi Hé toa d6 khong gian AGD94 clia Australia dua trén
ITRF92 véi thdi diém chuin 1994.0 [5]. Hién nay, theo tai liéu [6], Canada xay dung hé
théng quy chiéu khong gian Canada (Canadian Spatial Reference System - CSRS) dua
trén NAD - 83. Hé quy chiéu dia tdm Nam My (theo tiéng Tay Ban Nha - Slstema de
Referencia Geocéntrico para las AméricaS - SIRGAS, theo tiéng Anh - South American
Geocentric Reference System) la du an ctia cac nudc Nam My, Trung My va Bac My phéi
hgp véi cac vién khoa hoc qudc t€ d€ xay dung Khung quy chiéu dia tam tai khu vuc nay

[7].
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Viéc phat trién Hé thong toa d6 khéng gian dia tam phu hgp v6i yéu cau va xu thé phat
trién clia ky nguyén (ing dung céng nghé GNSS (Global Navigation Satellite System) trén
cd sd st dung cac thanh tuu khoa hoc - cong nghé mdéi nhat trong qua trinh phat trién
Khung quy chiéu Qua dat quéc t€ ITRF (International Terrestrial Reference System) dua
trén cdong nghé GNSS, xay dung cac mé hinh trong truong Qua dat EGM (Earth
Gravitational Model) va mé hinh bé mat tu nhién ciia bién (mét bién trung binh) MDT (Mean

Dynamlc Topography) nhd phuong phap do cao tr vé tinh (altimetry), xac dinh mat Geoid
toan cdu trén cac bién va dai duong nhim xac dinh cac toa d6 (khong gian, trac dia, mat
bang) va dé cao chuin (hoac do sau) cdia diém can quan tam véi do chinh xac cao trén ca
dat lién va Ianh hai dua trén céng nghé GNSS. Trong y nghia khoa hoc chat ché bai toan
xay dung He théng toa do khong gian dia tam qudc gia dam bao viéc gan két 3 bé mat co
ban bao gém bé mat tu nhién clia Qua dat (bé mat luc dia va mit nuéc bién trung binh),
mat Quasigeoid toan cau (triing v6i mat Geoid toan cau trén cac bién va dai duong) va mat
Ellipsoid quy chiéu trén lanh thé quéc gia (xem hinh 1 dudi day).

S RN
Bé mat tw nlién (vat ly) ciia Qua dat Bé mit luc dia
O /___._—a—""'”’"‘_—“m’—-—""'_
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Geoid toan cau #

Hinh 1: Quan hé giita cac mét co ban:

. Bé mat tu nhién cla Qué dat, mat Geoid va mét Ellipsoid

Bai toan then chét trong viéc xay dung hé toa do khong gian quéc gia la xac dinh m6
hinh Quasigeoid d6 chinh xac cao trén toan bd Ianh thé qudc g|a nham nhan dudc d6 cao
trdcdia H=H" +¢ d6 chinh xac cao clia didm cén quan tam, & day H" - dé cao chudn
cla diém, Z; - d6 cao Quasigeoid (di thudng d6 cao) cla diém. Tuy nhién viéc glal quyet
bai toan nay khéng thé tach rdi véi viéc hoan thién Hé dé cao quoc gia. Van dé nam & chb
ca di thudng d6 cao (hay d6 cao Quasigeoid) I&n dd cao chudn déu cting lién hé véi mot
mat chung - d6 la mat Quasngemd Viéc xac dinh mat Quasigeoid vira dam bao thuan tién
cho viéc xac dinh cac d cao chuén cla cac diém nam trén mat vat ly clia Qua dat (bé mat
tu nhién clia Qua dét trén dat lién va trén bién) hodc do sau dé chinh xac cao cla cac diém
nam trén mat dia hinh day bién, vita ddm bao xac dinh cac di thudng dé cao clia cac diém
nam trén mé&t vat ly clia Qua dat trén pham vi ca dt lién va lanh hai quSc gia dua trén cac
két qua do dac mat dat, cac két qua x ly cac do dac GNSS trong ITRF, mé hinh trong
trudng Qua dat EGM va ban dé dia hinh mat nudc bién trung binh MDT 14 bubc quan trong
dau tién dé gidi quyét bai todn dugc dat ra. Nhu da phan tich trong tai liéu [14] mat khdi tinh
cho Hé d6 cao quéc gia hién dai dua trén mét Geoid hodc 1a mat Quasigeoid cuc bd (triing
vdi mét Geoid cuc b véi thé nang trong trudng thuc WO tai tram nghiém triéu Hon DAu,
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thém vao d6 mét Geoid cuc bd nay triing hodc sat nhat véi mat nude bién trung binh tai
tram nghiém triéu Hon D&u) hodic mét Quasigeoid toan cAu tring véi mét Geoid toan cau
trén cac bién va dai duong.

Bai bao khoa hoc nay sé xem xét giai quyét cac van dé lién quan dén viéc xac dinh yéu
cau d6 chinh xac xac dinh cac toa do khéng gian clia cac diém thuéc mang Iuéi thién vin
trac dia hang |, Il quéc gia trong Hé toa d6 déng Iuc quéc gia va cac van dé hoan thién hé
d6 cao quéc gia gan két véi vidc xay dung Hé toa d6 dong luc quéc gia & Viét Nam.

2, Giai quyét van dé

2.1. Xdc dinh yéu cdu dg chinh xdc xdc dinh céc toa dé tréc dia va do cao trdc dja
cla céc diém trdc dia quéc gia (rong Hé toa dé ddng luc quéc gia

D& danh gia udc tinh d chinh xac cla céc toa do trac dia B, L va do cao tric dia cia
diém thudc mang luéi GNSS dudc x(t ly trong ITRF, ching ta st dung diéu kién:

my=my=my= —XZ

NET ». (1)
& day Myy; - sai s6 vi tri khong gian clia didm dugc ddc trung bdi d6 chinh xac cha lich vé
tinh chinh xac ctia T8 chirc IGS va dugc cho trong ITRF.
Khi luu y diéu kién (1), cac sai s6 trung phuong ciia vi do tric dia va kinh d6 trac dia
dudc danh gia theo cac cong thitc

J M vz
mp = P"-ﬂ- )

XYz

iyl i L =,
by sk \[BIRICosB

con d6 cao trac dia dudc danh gia theo cong thdc [11]:
MXYZ
m, =—=%—
" J3.CosB (3)

3 day p” = 206265

Khi coi R
N+H=N.(-e*+n zR=—a'21“ez==a.\/l—ez,
l1-e”.Sin“B
@ day R la ban kinh trung binh cla Ellipsoid va d6i vdi Ellipsoid WGS84 a = 6378137 m,
tdm sai th(t nhat e? = 0,00669437999 chiing ta c6 R = 6356752,314 m.

VGi d6 chinh xac Lich vé tinh chinh xac Myy, nhan bing 2,5¢cm, tir cac cong thirc (2) va
(3) chuing ta c6 dang thirc

n "

m m
B Y N _2’5.10—9' (4)

p".CosB . D

m
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Piéu nay cling phu hdp véi yéu cau viéc dam bao xac dinh toa d6 khong gian véi do chinh
xac tuong d6i 6 mdc 10° doi véi Hé quy chiéu khéng gian Qua dat Chau Au ETRS
(European Terrestrial Reference System) [20].

Nhu vay khi xf ly mang Iu6i GNSS trong ITRF chung ta dat dugc do chinh xac tuong doi
clia céc toa do trac dia B, L va do cao trac dia H dudc danh gia theo cong thirc (4) tuong
: u'ng v4i sai s6 vi tri khéng gian clia cac diém GNSS & miic 2,5cm la dd chinh xac cao nhat
clla viéc xac dinh vi tri khdng gian ctia cac diém trong ITRF va phan anh méi quan hé glu'a
cac toa do tric dia B, L va do cao trac dia H trong Hé toa dé khéng glan dia tam Qua dat
quéc té ITRF. Cac sai s6 tuong déi clia cac toa do trac dia B, L trong déng thirc (4) tu’dng
(g vdi sai sO vi tri diém mat bang & mic 2 - 4cm va cling tuong tu vdi sai so vi tri diém
mat bang clia cac diém thién van - tric dia quéc gia dudc binh sai trong Hé toa d6 VN2000
(2D). Nhu da chimg minh trong tai liéu [13], khi trén cac diém cla mang ludi GNSS quéc
gia tién hanh do dac va x{r ly dong thai cac dit liéu do GPS/GLONASS trong ITRF, d6 chinh
xac clia do cao trac dia & mic 1,1cm khi st dung lich vé tinh d6 chinh xac & mic 2,5cm.
E)ay la co s& quan trong dé nang cao d6 chinh xac do cao tric dia cla cac diém thién van
tric dia trong VN2000 3D khi gidi quyét bai toan binh sai ghép néi mang Iudi
GPS/GLONASS vao hé toa dd khong gian quéc gia VN2000 3D [9, 11].

Tuy nhlen dua theo tai liéu [8], d6 chinh xac ctia d6 cao tric dia ctia cac diém thién van
tréc dia quéc gia trong hé VN2000 (2D) nhan dugc tir két qua dinh vi Elhpsmd khéng cao
hon 1m, tic sai s6 trung phudng tuong déi clia do cao tric dia cla cac diém thién van -
tric dia chi 8 méc 2.107 va thdp hon rat nhiéu so véi do chinh xac tudng déi clia do cao
trac dia trong ITRF.

Nhu vay nhlem vu khoa hoc - ky thuat quan trong dau tién ctia viéc xay dung Hé toa d6
khéng gian dia tam. quéc gia (VN2000 3D) la xay dung mé hinh Quasigeoid quoc gia do
chinh xac cao dua trén cac két qua dir liéu x& ly mang ludi GNSS trong ITRF, céc dir liéu
thay chuan quéc gia va do cao Geoid dudc xac dinh tir mé hinh trong trudng Qua dat EGM.
Ban than d6 chinh xac ctia d6 cao tric dia cla diém thién van - tric dia H = H? +{ & day
HYva C - d6 cao chudn va di thudng d6 cao (dd cao Quasigeoid) cla diém, trong Hé toa
dé khong gian dia tam quoc gia (VN2000 3D) phai phan anh dugc dd chinh xac cao cla
mé hinh Quasigeoid quéc gia. Do d6 khi da bt tay vao viéc xay dung mé hinh Quasigeoid
quéc gia dé chinh xac cao, chung ta tat yeu di dén bai toan xay dung Hé toa d6 khong gian
dia tam quoc gia (Hé toa d dong luc quéc gia) véi yéu cau dd chinh xac tuong déi clia cac
toa do trac dia va do cao trac dia phai dugc nang cao tiép can gi6i han dugc cho trong déng
thirc (4).

2.2. Védn dé xdc dinh d¢ cao trédc dia cua cdc diém trdc dja qudc gia trong VN2000
3D : '

Khi xay dung va x{ ly toan hoc mang ludi GNSS trong ITRF, ching ta sé nhan dugc d6
cao tric dia do chinh xac cao ciia cac diém GNSS tuong u'ng vdi Ellipsoid WGS84 quoc té.
VAn dé dat ra 1a lam thé nao dé xac dinh dugc dd cao trac dia do chinh xac cao clia cac
diém tric dia hang |, Il qudc gia, thém vao dé céc dién nay tring véi cac diém GNSS, trong
Hé VN2000 3D tuong (tng Vi Elhpsmd WGS84 quy chiéu (Ellipsoid WGS84 da dugc dinh
vi phli hgp v8i mat Geoid trén l&nh thé quéc gia)?.

Chung ta sé& chiig minh rang viéc b6 qua dd cao trac dia clia cac diém tric dia hang |,
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I quoc gia triing véi cac diém GNSS trong viéc xac dinh 7 tham s6 chuyén toa do tir ITRF
vé VN2000 3D khdéng cho phép nhan dugc dd cao tric dia do chinh xac cao trong hé
VN2000 3D. That vay, glu’a céac toa dd trac dia By, Ly, Hy cha diém M tuong (ng vdi
E"lpSOld quy chiéu va B,,,L,,, H,, - c4c toa dé tric dia clia diém M tuong ting véi Ellipsoid
ITRF tén tai quan hé theo céng thitc Molodenxkii M.X.:

B,, =B, +AB,,,
bk R A (5)
HM=EM+AI7M, (6)

o day

~

N} ~ ~
AL +1JNMsinBM

&?sin B,, cos B, Aa+(
a
—(XocosZM+YosinLM)sin.§M+Z0 cosEM]—
—€,.sin ZM.6+'52 cos2B,, )+£ ,.cosZM.6+52 cos2B,, )—Am.?2 sinB, cosB,; 1)
1

QVM +H )cos B,,
x(ex.cosLM+£_v.sm LM)—EZ;

AL,,

GX smL +Y5 cos )+th (1-8%)x

& a w XA o0 AG2 L g )
AH,, =—§—AG+NM'Sm2 BM.%+(X0 cosLM+Y0smLM)cosBM+
M (8)

~2
L A S 1 A = @ e
+Z,sin B,, — N.e“ sin B,, cos BM.(Ex.mn L=ie (ico8iL,; (—i’— D, ]Am,

cac dai lugng ABM, ALM cé ddn vi radian; a - ban truc I6n cla Ellipsoid ITRF; a - ban truc
I6n cta Ellipsoid quy chiéu; g2- tam sai th(r nhat cla EII|ps01d ITRF; e? - tam sai th(r nhéat
cla Elllpsmd quy chiéu; By, Ly, Hy - cac toa dé tréc dia ctia diém M trong hé toa dd quéc

gia; BM,LM,H - cac toa do trac dia clia diém M trong ITRF;

M,, - Ban kinh cong clia mét cat kinh tuyén tai diém M:
3
3

M, =d.(1-2)(1-¢%sin’B,,)

N,, - Ban kinh cong clia dudng thang dimg thi nhét tai diém M:
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N,=d(1-2%sin?B,) 2,

Xor Yo, Zos €4,€y,€,,Am -7 tham sG chuyén toa d6 tir H& ITRF v& H& VN2000 theo mé
hinh Bursa-Wolf, thém vao dé cac géc xoay Ole ¢,¢,,&, cb don vi Radian.

Gia thiét rang chting ta chua 6 mé hinh Quasigeoid quéc gia d6 chinh xac cao, tir tap
hop céac diém chung c6 cac toa do tric dia B, L trong H& VN2000 va cac toa do tric dia
B, L trong ITRF ching ta xac dinh 07 tham s6 X, Y,, Zo,Ey,€y,€,,Am dya trén cac cong
thiic (5) va (7). Trong truong hdp nay tham s6 &n Am xac dinh khéng tin cay do hé s&
&?sin B,, cos B,, 8 V& phdi clia dai lugng AB,, (7) rat nhé. That vay ddi véi Ellipsoid WGS84
v6i ban kinh ban truc 16n @ = 6378137 mva tam sai thit nhat 2 =0 ,00669437999 nhan
Vi d6 trung binh & Viét Nam B,, = 160 hé s6 &?sinB, cosB,, bang 0.001774. V6i gia tri
clia tham s8 Am & mic Am = 1.107" thanh phan  Am32sin B cosBM =0".0000364 O V&
phai clia dai lugng AB,, (7) chi béng 1,774.10™° nho bd qua.

Trong khi d6 déi vi viéc chuyén dé cao tréc dia tir ITRF v& VN2000 3D theo cong thic
~2
(6), d6i véi dai lugng AH ,, (8) thanh phan (%;fﬂ M ]Am cé gia tri rat dang ké. Véi so

liéu néu & trén, khi bé qua d6 cao trdc dia H,,, hé s6 2 - 6361896.342 m va thanh phan

52

2

Am =0.636 m. Nhu vay néu khdng st dung d6 cao trac dia trong VN2000 3D clia cac

M

diém tréc dia tring, thi 7 tham s& xac dinh dudc sé& gay ra sai s trong dé cao trac dia dudc

chuyén tir ITRF vé VN2000 3D & mirc 0,636m. Day la diéu khong chap nhan dudc.

Nhu vay dé xay dung Hé toa d6 dong luc quéc gia, ching ta phai biét cac gia tri gan
ding clia dd cao trac dia cla cac diém thién van - tric dia hang |, Il dugc xac dinh tir do
cao chuén va do cao Quasngemd clia cac diém dé. Khi néi dén viéc xay dung Hé toa d6
khong glan dia tdm quéc gia (VN2000 3D), ching ta néi dén viéc xac dinh d6 cao trac dia
clia cac diém thién vin - tric dia trong VN2000 3D sao cho khi st dung mé hinh
Quasugemd quéc gia dé chinh xac cao chung ta s& xac dinh dugc d6 cao chuan véi do
chinh xac it nhat dat tiéu chuan hang IV quoc gia. Nhu da chimg minh trong céc tai liéu [10,
11], sai s6 trung phuang I6n nhat 7,y clia d6 cao chuin hang Il 8 mirc 7,5¢cm, cla d6 cao
chuén hang Il § mic 9,3cm, cGa dé cao chudn hang IV & mic 11,7cm. Luu y cong thirc
danh gia sai s6 trung phuong ™,y cla d cao chudn H' = H - 6 du’dc xac dinh dua trén
dd cao trac dia H va di thudng dé cao C chiing ta xac dinh dugc yéu cau dé chinh xac cua
d6 cao trac dia my, trong H&é VN2000 3D dugc danh gia theo cong thic ,,, - ey = mE
dua trén cac mirc do chinh xac clia mé hinh Quasigeoid quoc gia va mic doé chinh xac dat
dugc clia do cao chuén (khi da cho mé hinh Quasigeoid qudc gia va do cao tric dla trong
Hé VN2000 3D (xem bang 1).

TUu bang 1 & trén chung ta thdy rang véi hang dé cao chuén cho trudc, dd chinh xac cla
do cao trac dia clia cac diém thién vin - trac dia trong hé VN2000 3D phu thudc chi y&u
vao do chinh xac ctia mé hinh Quasigeoid quéc gia: dé chinh xac cia mé hinh Quasigeoid
qudc gia cang thap thi yéu ciu do chinh x4c clia dé cao tric dia cang phai cao, hodc ngudc
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Béng 1

e (m) my (In) - Mg
R
P chinh xac dd cao chuan hang IV & mitc 0,117 m
0,050 0,106 1710
0,080 0,085 13102
0,100 0,061 b
Do chinh xac do cao chuan hang III & mic 0,093 m
0,050 0,078 12:107°
0,080 0,047 7,4.107°
Do chinh xac d6 cao chuan hang II ¢ mue 0,075 m
0,050 0,056 88107

lai 6 chinh xac ctia mé hinh Quasigeoid quéc gia cang cao thi yéu cau dé chinh xac cla
do cao trac dia cang phai thdp hon.

Céch tiép can phd bién dé nhan dugc dd cao trac dia dé chinh xac cao clia cac diém
tric dia co sB qudc gia trong VN2000 3D I két hop véi db cao chudn nha nudc hang |, Il
va di thudng do cao dé chinh xac cao (dudc xac dinh tir mé hinh Quasigeoid quéc gia do
chinh xac cao) dé xac dinh do cao tric dia gan ding cla cac diém dé trong VN2000 3D.
Tiép theo giai quyét bai todn binh sai ghép néi mang lugi GNSS vao VN2000 3D dé nang
cao do chinh xac ctia cac do cao trac dia nay.

Chuing ta xem xét céch tiép can nay déi véi trudng hap tdi nhat khi do chinh xac ciia md -
hinh Quasigeoid chf dat & mc 0,080m va do chinh xac clia d6 cao chuan H' =H-{ dugc
xac dinh tir mé hinh Quasigeoid qudc gia va tir do cao tric dia trong Hé VN2000 3D chi dat
hang IV. Khi d6 chung ta ch&p nhan sai s6 tuong d6i 16n nhat clia d6 cao trac dia cla cac

giém thién van - trdc dia trong hé VN2000 3D & mifc 1,3.10°, t(rc sai s6 trung phuong 16n
nhat ciia dd cao tric dia trong VN2000 3D khéng dudc vugt qua 0,085m.

Trong phudng an toi thi€éu nay, chung ta sé xem xet bang cach nao dat dugc dé chinh
xac clia do cao trac dia trong VN2000 3D néu trén ?.

Cac diém thien van - tric dia trong hé toa do VN2000 2D la cac diém chung, tic cac
diém nay dugc do néi thiiy chudn nha nuéc hang 1, Il va cac dit ligu do GNSS trén cac diém
nay dudc xi ly trong ITRF. Khi d6 gia tri gan dung clia d6 cao cao trac dia H® = H" +¢
clia cac didm chung trong VN2000 3D cb do chinh xac dudc danh gia theo cong thitc
m, @ = Jm?,y +mZ . Khi nhan sai 6 trung phuong cda di thudng d6 cao m¢ tur md hinh

Quasigeoid quéc gia 8 mic 0,085m va khi do néi thity chudn hang |, Il vao cac diém chung,
véi sai s6 trung phuong 16n nhat ctia do cao chuén hang |, Il qudc gia dudc xac dinh trong
tai liéu [10], ching ta sé danh gia dugc do chinh xac cla gia tri gan dung cla do cao cao

tric dia H clia cac diém chung trong VN2000 3D dugc cho trong bang 2 4 dudi day.

TAP CHI KHOA HOC PO BAC VA BAN DO SO 12-6/2012



Bang 2
My () mH(o) (1) ”’H(O)
R
0,065 0.103 621082
(Hang I) :
0,075 0.110 1.97 107°
(Hang IT)

Tur bang 2 ching ta thay rang véi dé chinh xac ctia mé hinh Quasngeond quéc gla é mitc
0,080m va sau khi do néi thay chuan hang | hoac hang Il vao diém thién van - tric dia (Ia
diém chung), ching ta nhan dugc gia tri gan ding cua do cao trac dia trong VN2000 3D &
mdrc 0,103m (khi do néi thuy chuén hang [) va 0,110m (khi do néi thiy chudn hang Il). Vay
dé nang cao dd chinh xac clia dé cao tric dia trong Hé VN2000 3D dén mirc 0,085m ching
ta phai g|a| quyét bai toan binh sai ghép néi mang Iudi GNSS vao H& VN2000 3D dua trén
cac két qua x{ ly cac dit liéu do GNSS trong ITRF. Muc dich cla viéc g|a| quyét bai toan
nay la nang cao d chinh xac clla cac toa d6 tric dia va d6 cao trac dia clia cac diém thién
van - trac dia trong VN2000 3D. M6 hinh toan hoc clia bai toan binh sai ghép néi mang ludi
GNSS vao Hé VN2000 3D dugc biéu dién dudi dang sau [9, 11];

Yo it 1 N AT 7
- KX Kxil D e

Ve =dt™-Gaw+ L, B-R’,

3 day R, - ma tran chudn nhan dugc khi binh sai mang Iusi GNSS trong ITRF, K, - ma tran

tuong quan clia cac toa d6 Ellipsoid B,L,H clia cac diém chung trong VN2000 3D, vectd s6
hang tu do

t - vectd cac toa do Ellipsoid clia cac diém GNSS bac k x 1, & day k = 3.N, con N 1a tong
s6 diém GNSS dudc binh sai trong ITRF, thém vao dé cac toa do Ellipsoid dia B,L,H cta
cac diém tuong u'ng v0| cac diém chung dudc sép xep & cac vi tri dau tién va cac toa do
nay da dudc chuyén vé VN2000 3D theo cac gia tri gan dung cla 7 tham s cGa mé hinh
Bursa-Wolf; 7} - vectd cac toa do Ellipsoid B,L,H clia cadc diém chung bac k4 x 1 trong

VN2000 3D, & day ky = 3.Ny, con Ny 12 tng s6 cac diém chung; ma tran Gg c6 dang
£ [Gl oG GN]r

thém vao dé khéi G, (i=1,N) cb dang:
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[ sinB,.cosL, sinB.sinL, cosB,
M+ H; M+, M, +H,
= Sec BisinL! nrisecB icos L
G; = : 0
g N, +H, N, +H,
cos B;.cosL,  cosB,.sinL, sin B,

con vecto AW = [5,\' 5y0 52(1 - vecto cac sai s6 hé tho'ng con lai trong céac toa do
Ellipsoid dudc gay ra do cac sal s6 trong 7 tham s6 chuyén d&i toa dd clia mé hinh Bursa
- Wolf.

Viéc giai quyét bai toan binh sai ghép néi mang lugi GNSS vao Hé VN2000 3D sé nang
cao d6 chinh xac clia cac toa dé Ellipsoid clia cac diém chung tron'g hé VN2000 3D Ién
mirc /2 18n. TUr bang 2 chung ta thay ring khi do ndi thily chudn hang | vao diém thién
van - trdc dia, gia tri gan dang clia d6 cao trac dia gan ding & mic 0,103m, con khi do néi
thdy chudn hang Il vao diém thién v&n - tric dia, gia tri gan ding clia dé cao tric dia gan
ding 6 mlc 0,110m, sau khi binh sai ghép néi mang Iudi GNSS vao VN2000 3D, d6 chinh

, 2 3 a < . 2 z . A7 ~ A ~ 0’103 m ~ 7,0 .
xac cua cac do cao trac dia cua cac diém chung sé dudc nang lén 7 =0,073 m véi sai

s6 tuang doi 1;-efi=1.15.10‘8 va 10
yéu cu xac dinh dd chinh xac xac dinh dé cao tric dia trong VN20d0 3D & mitc 0,085m

hoan toan dat dudc. Dén day ching ta cé thé két luan réng: P& nang cao dd chinh xac do

=0,078 m V@i sai s8 tuong doi Mu 192108 Nhu vay

cao tric dia clia cac diém trc dia cd sd qudc gia trong VN2000 3D, ngoai viéc xay dung
mé hinh Quasigeoid dd chinh xac cao, chiing ta con phai giai quyét bai toan binh sai ghép
ndi mang Iudi GNSS vao Hé toa dd khéng gian qudc gia VN2000 3D.

D6i véi N - N4 diém clia mang lugi GNSS |a cac diém méi dudc xay dung bd sung va
nam & mét s6 khu vuc khac nhau va trén cac dao, sau khi giai quyét bai toan binh sai ghép
ndi mang ludi GNSS vao Hé VN2000 3D chuing ta sé nhan dudc toa dd Ellipsoid clia chiing
trong VN2000 3D. Ngoai ra 7 tham s6 chuyén déi toa d6 theo mé hinh Bursa - Wolf chi
dudgc xac dinh chinh xac sau khi giai quyét xong bai toan binh sai ghép néi mang luéi GNSS
vao Hé VN2000 3D.

2.3. Cdc véan dé gan két viéc hoan thién Hé d6 cao qudc gia vdi viéc xay dung Hé
toa dé déng luc quéc gia

Trong tai liéu [14] d4 chi ra hang loat cac nhugc diém clia Hé d6 cao dudc xay dung dua
trén mét bién trung binh tai mét tram nghiém triéu 0 (Hon D&u) nhu Hé d6 cao HP72 clia
Viét Nam va xu hudng xay dung Hé dé cao chuén dua trén mat Geoid trén thé gidi hién
nay, thém vao dé trong tai liéu [14] cling da chitng minh dugc rang nhd s dung Hé do cao
chuan dua trén mat Geoid chuing ta sé nang cao dugc dé chinh xac ctia di thudng d6 cao
trén diém GNSS/thdy chudn nhd viéc 1ay trung binh di thudng dé cao GNSS/thily chudn va
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SRR R

di thudng d6 cao trong luc. Do mat Geoid toan cau chi c6 thé xac dinh dudgc mét cach tin
cay trén céc bién va dai du’dng chiém hon 70% bé mat Qua dat nho phu'dng phap altime-
try va mat Quasigeoid toan cau tring véi mat Geoid toan cau trén cac bién va cac dai
du’dng Mat Geoid toan cau hién nay véi thé nang trong trudng thuc W, = 62636856,0 m*.s™
do T8 chitc Dich vu quay Qua dat quéc t& IERS (International Earth Rotation Service) xac
dinh [15, 16] da dugc sl dung dé xay dung mé hinh bé mat tu nhién bién DNSC08 MDT va
mé hinh trong trudng Qua dat EGM2008. Day |a cd sé khoa hoc co ban cla viéc xac dinh
thé ning trong trudng thuc W, clia mat Geoid cuc bo tai tram nghiém triéu Hon Dau dua

trén cac dir liéu do cao chuéin, GNSS, mé hinh bé mét tu nhién bidn (Mean Dynamic
Topography - MDT) DNSC08 MDT va mé hinh trong trudng Qua dat EGM2008. Viéc xay
dung Hé do cao quéc gia hién dai dua trén mat Geoid cuc b} tai tram nghiém triéu Hon
DA&u cb hai loi ich:

- Cho phép xay dung mé hinh Qua3|ge01d qudc gia dé chinh xac cao dua trén cac dir
liéu d6 cao chuéin, GNSS va mé hinh trong trudng Qua dat EGM2008;

- Khong lam thay d8i co sd di liéu do cao trong Hé d6 cao HN72 hién dang dugc luu gitr
va stf dung trong céac nganh kinh t&€ va an ninh - quéc phong.

Nhu vay viéc hoan thién Hé d6 cao qudc gia trén cd s& xay dung Hé do6 cao quoc gia
hién dai dua trén mat Geoid cuc bo tai tram nghlem trieu Hon DAu la nhim tao co sé khoa
hoc cho viéc xay dung mé hinh Quasigeoid quéc gia d6 chinh xac cao dua trén cac dir liéu
d6 cao chuén, GNSS va mé hinh trong trudng Qua dat EGM2008. Vé phan minh, mé hinh
Quasigeoid quoc gia d6 chinh xac cao lai tao ra cd sd khoa hoc dé xay dung Hé toa do
dong Iuc quéc gia dé chinh xac cao nhu da chiing minh & muc 2.1. Day la légic clia bai toan
Hoan thién Hé d6 cao quéc gia gan két véi viéc xay dung Hé toa do6 dong luc quéc gia..

3. Két luan

Viéc xay dung Hé d6 cao quéc gia dua trén mét Geoid 1a xu huéng phat trién hién dai
hién nay Hé d6 cao nay khong chi khac phuc cac nhudc diém cla Hé d6 cao dua trén mat
nudc bién trung binh (xem [14]) ma con tao ra cd sd dé thong nhéat cd sé dir liéu dia hinh
quéc gla trén toan bo lanh thé quoc gla (ca trén dat lién, bé mét tu nhién bién va dia hinh
day bién) va quan trong hon - tai tién dé dé xay du'ng mo hinh Qua519e0|d quéc gia dé chinh
xac cao. V& phan minh, mé hinh Quasigeoid quéc gia d6 chinh xac cao lai la co sd dé xay -
dung Hé toa dé dong luc quéc gia.

Do d6 khi dat ra bai toan xay dung Hé toa d6 dong Iuc quéc gia, ching ta phai gin két
bai toan nay véi viéc hoan thién Hé do cao quéc gia dua trén mit Geoid, trong dé ching
ta phai giai quyét dong thai 5 cum nhiém vu khoa hoc - ky thuét chinh bao gom:

- Xay dung mang ludi GNSS dudc do néi thuy chudn nha nudc hang I, Il phll trim l&nh
thd qudc gia dua trén mang Ui tric dia quéc gia hang |, Il va x{ ly toan hoc mang Iudi
GNSS trong ITRF;

- Xac dinh thé n&ng trong trudng thuc WO clia mét Geoid cuc bo tai tram nghiém triéu
Hon Dau duta trén céc dit liéu d6 cao chudn, GNSS, mé hinh bé mit tu nhién ddng luc trung
binh MDT va mo hinh trong trudng Qua dat EGM2008 trén cac diém GNSS/thtly chuin
(bao gém céc diém clia mang ludi GNSS va cac diém d6 cao nha nudc hang 1,1l dugc do
GNSS);
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- Xt ly toan hoc mang Iugi d6 cao qudc gia hang I, Il trong Hé triéu 0. Cuing véi dé cao
chudn binh sai xac dinh thé nang trong trudng thuc cla tat cac cac méc dé cao hang |, II;

- Xay dung md hinh Quasigeoid quéc gia d chinh xac cao trén toan b lanh thd quéc
gia;

- Binh sai ghép ndi mang luéi GNSS vao hé VN2000 3D.O
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Summary
Assoc. Prof. Dr.Sc. Ha Minh Hoa
Vietnam Institute of Geodesy and Cartography

This scientific article determined a request of the Ellipsoid coordinates accuracy in state
dynamic datum, determined a relationships between a building of the state Geoid - based
vertical datum and a building of the high accuracy Quasigeoid, and between the building of
the high accuracy Quasigeoid and bulding of the state dynamic datum. From that were
determined 5 groups of the science-technical tasks must be solved in turn for the building
of the state Geoid - based connected to the state dynamic datum.O
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