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Phat trién phuong phap binh sai mang luéi
d6 cao hang I va Il quoc gia dua trén mit

geoid cuc bo Hon Dau

e Ha Minh Hoa

Vién Khoa hoc Po dac va Ban dd Viét Nam

(Ban thao nhdn ngay 28 thang 06 nam 2016, hoan chinh swa chiva ngay 16 thang 08 nam 2016)

TOM TAT

Néi dung bdo cdo khoa hoc nay tdp trung
VAo Viéc trAinh bay cac kér qua nghién ciu xdy
dung phirong phdp va ldp phan mém VNAOLG -
VIGAC (Vertical Network Adjustment On Local
Geoid - Vietnam Institute of Geodesy And
Cartography) dé binh sai mang luéi dg cao
hang I, 11 qudc gia dwa trén mat geoid cuc bo
Hon Ddu. Cdc két qua nghién ciu chinh bao
gom nghién ciru phwong phdp chuyén cdc chénh
cao do tir hé triéu trung binh vé hé triéu 0; xdy
dung phirong phdp chuyén doi cic chénh cao do
thanh cac hiéu dia thé; phiong phdp xdc dinh
trong $6 cua cdc hiéu dia thé ciia cdc dwong do
cao hang I, II quéc gia; phwong phdp im kiém
cdc duwong do cao thé va cac phwong phap hiéu
chinh cdc két qua binh sai mang ludi dé cao
hang I, II quéc gia khi c6 sw bién dong ciia cdc
tri do (bé sung mot $6 dé cao mdi vao Mmang

luci; phuc héi mét s6 moc dé cao bi mcft) theo
Nguyén tac: duwa trén cac két qua binh sai mang
lwdi @6 cao hang I, II @ c6 ma khong can phai
binh sai lai foan bé mang ludi dé cao hang I, 11
quéc gia. Cdc két qud thir nghiém phan mém
VNAOLG - VIGAC dé binh sai mang luéi do
cao hang I, Il khu vuc mién Bdc Viét Nam bao
gom 143 méc do cao hang I, II, 17 dwong do
cao hang I va 5 dwong do cao hang II cho thdy
rang sai sé trung phirong don vi trong sé sau
binh sai bang + 1.185 kGal.mm/1km, sai s
trung phirong 1ém nhdt ciia gid tri binh sai Cia
thé trong truong dat + 0,021 kGal.m. Viéc binh
sai Mang ludi do cao hang I, Il khu vuc mién
Bdc Viét Nam trong hé triéu 0 dan dén dé léch
trong cac d¢ cao chudn & mire cue dai £ 7 cm so
Véi cdc két qua binh sai mang ledi trong hé
triéu trung binh.

Tir khéa: Ludi cao dg, binh sai, geoid, Hon ddu, VNAOLG - VIGAC

1. GIOI THIEU

Nhu da trinh bay trong tai liéu [10], dua
trén diéu kién Molodensky M.S., do cao chuin
cua diém M ndm trén mat vat 1y Trai dat dugc
xac dinh theo cong thirc:
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O day Wy - thé trong truong cua mit
geoid cuc bo sat nhat voi mit bién trung binh
nhiéu nam tai tram nghiém triéu 0 (O Viét Nam
1a tram nghiém triéu Hon Déu); Wy - thé trong
truong cia diém M; Uy - thé trong trudng
chuin cta mit ellipsoid quy chiéu quéc gia;
Uy - thé trong trudong chuin cua diém N tuong
tmg v6i diém M va nam trén mat telluroid; dh
va g - chénh cao do va gia tri trung binh cua gia
tde trong luc ciia mdi doan do cao trén duong do
cao tir mat geoid cuc bd dén diém M; gia tri
trung binh cua gia téc trong lyc chuan 7,,
twong Ung v6i diém M duoc tinh theo cong
thue:

+ 6_}/ . % , (2)
on 2
Yo — Qi tri gia toc trong luc chuan trén mat

ellipsoid dugc xac dinh theo cong thire:

Vo = 7e-(L+ B.SIN?B - B,.Sin?2B), (3)

M =70

con 2—7/:— 0.3086 mGal/m - gradient
n

gia téc trong luc chuin; Ye - Qia téc trong luc
chuén trén xich dao cua ellipsoid; cac hé $6
B, B, duoc xac dinh theo cic tham sé cua
ellipsoid; B - vi d tric dia ctia diém M.

O Viét Nam, mat quasigeoid cuc bo trlng
v6i miat geoid cuc b HOn DAu tai tram nghiém
triéu HOn DAu 12 mat khéi tinh cho hé do cao
Hai Phong 1972 ¢ Viét Nam. Hé dd cao quéc
gia & Viét Nam 1a hé do cao chudn. Thuat ngir
“Binh sai mang ludi d6 cao qudc gia duwa trén
mit geoid cuc bd HOn Diu” can duoc hiéu 1a
nho xac dinh duoc thé trong truong Wo ciia mit
geoid cuc by Hon Déu, thong qua quan hé (1)
ching ta c6 thé chuyén cac chénh cao do thanh
c4c hiéu dia thé va thong qua qué trinh binh sai
theo c4c hiéu dia thé xac dinh duoc céc tri binh
sai cua cac thé trong trudng ciia cac mde do cao
qudc gia. PO cao chuan cua cac diém do cao

qudc gia duoc xac dinh tir cac thé trong truong
duge binh sai cia ching.

Céac nudc Chau Au d4 st dung cac mé hinh
Dia hinh dong luc trung binh (MDT), md hinh
Mt bién trung binh (MSS) va két qua do GPS
trén tram nghiém triéu 0, vi du cac nudc Lién
hiép Chau Au (EU) da xé4c dinh duoc thé trong
truong Wo = 62636851,83 + 0,71 m2.s? clia mit
geoid cuc by tai Normaal Amsterdams Peil
(NAP) lam khai tinh cho khung quy chiéu do
cao Chau Au EVRF2007 [13, 14, 16] véi su
tham gia cta 24 nude. Cac tri do duoc tham gia
1a c4c hiéu dia thé giita cac mée do cao.

. O Viét Nam, tir d& xuat phwong trinh
tuong quan gitta do cao chuén todn cau va do
cao chuan cuc by va phuong trinh twong quan
gitta dj thuong do cao toan cu va di thuong do
cao cuc bo trong tai liéu [6], dua trén cac gia tri
dd cao chuin, do cao tric dia (dugc xac dinh
bang cong nghé GNSS do chinh xac cao) va di
thuong do cao toan cau (dugc xac dinh tir mod
hinh EGM2008) da xac dinh dugc thé trong
truong Wo = 62636847,2911 + 0,18 m2.s? cla
mit geoid cuc bd sat nhat voi mat bién trung
binh nhiéu nam tai tram nghiém triéu Hon Dau
(xem cac tai liéu [7, 9, 10, 11]).

Viéc x4c dinh duoc thé trong trudng cua
mat geoid cuc b tai tram nghiém triéu 0 mo ra
nhiéu phuong hudng hién dai trong linh vuc
Tric dia vat Iy. Nhu d4 trinh bay trong tai liéu
[11], hang loat bai toan hién dai duoc giai quyét
nhu lién két cac hé do cao cla cac nudc khac
nhau, chuyén d6i mé hinh Dia hinh dong luc
trung binh MDT quéc té vé hé do cao qubc gia
dé xay dung nén thong tin dia ly trén bién, xay
dung mé hinh quasigeoid qudc gia d6 chinh xac
cao va binh sai mang luGi do cao hang I, II dua
trén mat geoid. Do mit quasigeoid qudc gia
tring véi mat geoid cuc bo trén bién nén viéc
binh sai mang ludi hang I, II qudc gia dya trén
mit quasigeoid qudc gia s& cho phép xac dinh
duoc thé trong truong cua cac mbc do cao hang
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I, 11 quéc gia. Pidu nay cho phép don gian giai
quyét bai todn chuyén do cao gitra cac hé do
cao. Ngoai ra, mdc d6 cao hang I, I qudc gia,
c4c gié tri do cao tric dia do chinh xé4c cao dugc
xac dinh bang cong nghé GPS két hop véi cac
gia tri thé trong truong cac mdc ndy cho phép
x4c dinh duoc cac gia tri thé nhiu tao nén
ngudn dir liéu quan trong cling Véi cac dir liéu
trong luc chi tiét duoc st dung dé hiéu chinh
cc hé sb khai trién diéu hoa cua mé hinh EGM
cho phu hop véi trong trudng trén 1anh thd quic
gia.

Do ¢ Viét Nam d4 xac dinh dugc thé trong
truong ciia mat geoid cuc bd HOn Dau, nén
trong khuén khé dé tai nghién ctru khoa hoc va
cdng nghé cip Bo Tai nguyén va Moi truong
giai doan 2013 - 2015 “Nghién ciru hoan thién
phuong phap xur 1y toan hoc mang ludi do cao
hang I, 11 quéc gia trong hé do cao hién dai” do
tac gia bao cdo khoa hoc nay lam chu nhiém da
dét ra cac nhiém vu nghién ciu phuong phap
binh sai d6 cao hang I, I quéc gia dua trén mat
quasigeoid qudc gia duoc xac dinh tir mat geoid
cuc bd Hon Diu. Cac két qua thuc hién cac
nhiém vu néu trén s& duoc trinh bay trong bao
céo khoa hoc nay.

2. XAY DUNG PHUONG PHAP BINH SAl
MANG LUOI PQ CAO HANG I, II QUOC
GIA DUA TREN MAT GEOID CUC BOQ
HON DAU

Duéi sirc hat ciia Mit trang va Mat troi,
mat vat Iy Trai dat bj bién dang triéu boi cac
s6ng tridu theo chu ky va séng ving. Do do,
theo Nghi quyét 16 cia Hoi Tric dia qubc té
IAG tai Hamburg (CHLB Dtrc) vao nam 1983
(International Association of Geodesy (IAG)),
c4c tri do dac va cac dai luong tric dja phai
dugc tinh toan trong hé tridu 0 twong tng véi bé
mat Trai dat bi bién dang bd sung. Nhu vay,
chlng ta phai loai bo anh huéng cua séng ving
dén cac chénh cao do va dd cao chuin, tuc

chuyén cac gia tri ndy tir hé tridu trung binh vé
hé triéu 0. Tuy nhién, do thé trong truong cia
mbc do cao khong thay déi trong cac hé triéu
trung binh va hé tridu 0, nén khi binh sai mang
luéi d6 cao quéc gia theo cac tri do 14 c4c hiéu
dia thé khong nay sinh bai toan chuyén cac hiéu
dia thé tir hé triéu trung binh V& hé triéu 0.

Hiéu dija thé dCi j Cua doan dg cao ij quan
hé véi cac thé trong truong W;, W jCua cac
moc dd cao i, j theo cong thic:

dCiJ :Wi —WJ (4)

Bai to4n chuyén chénh cao do thanh hiéu
dia thé trong trong trudng chuan cua ellipsoid
quy chiéu qudc gia da dugc ching minh trong
tai liéu [11], theo d6 ddi voi truong hop chénh
cao do hi}j/ cia doan do cao ij da dugc chuyén
V¢ trong truong chuan cua ellipsoid quy chicu
qudc gia, hiéu dia thé dC; 3 Cua doan do cao
nay dugc tinh toan theo cong thurc:

o Vit \
O day Yij = % - gia tri trung binh
cua cac gid tri J; va ¥ j gitra hai méc d6 cao i

H” +H” .
va j; ﬁijV - % - d6 cao chuén trung binh
gitta hai mdc d¢ caoi va j, con 7; va 77] la céc
gia tri trung binh cua gia t6c trong lyc chuan cta
cac moc dd cao i va j duoc tinh theo cong thirc
(2).

Trong bai toan binh sai mang ludi d6 cao
hang I, II qudc gia dya trén mat geoid cuc bd
ching ta nhan cac don vi cta cac chénh cao do,
dd cao chuin 1a mét (m), cac don vi cua thé
trong truong W cua cac mde do cao, cac hiéu
dia thé dC 1a kGal.m. Vi 1y do ndy, céc gia
tc trong lec chuin dwoc xac dinh theo cac cong
thize (2) va (3) phai duoc chuyén vé don vi
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kGal. Dbi v6i ellipsoid quy chiéu quéc gia
WGS84, cac cong thie (2) va (3) co6 dang:

¥ =7,-0.154310 °H

(5)
+003610"2(H7 |} <kGal>
trong do,
7o = 0.97803253359*
1+0.0053023132 .sin? B
< kGal >
—0.0000058179 4875.sin 2 2B
(6)

Khi sir dung hiéu dia thé dC trong don vi
kGal,m, trong sé cua hiéu dia thé bang chinh
trong s6 ctia chénh cao do trén doan thuy chuén.

O Viét Nam, dbi voi diém M co do cao
Ch}léﬂ H,{/A (don vi m), thé trong trudong cua
diém nay duogc xac dinh theo cong thuc:

W,, =6263684.72911-7,, H},

<kGal.m >

O day gia tri trung binh cua gia téc luc
trong trudng chuany ), (don vi kGal) duoc xac
dinh theo cac cong thirc (5), (6).

Diém do cao L6 la diém khéi tinh cua hé
d6 cao hang I, I quéc gia co6 vi d6 20°47°54” va
dd cao chuin b'img 0,5964 m. Khi d6 thé trong
truong cia diém khoi tinh ctia hé d6 cao hang I,
Il quéc gia Viét Nam bing 6263684,1454
kGal.m.

Nhim dap tng cic yéu cau cia phuong
phap binh sai hién dai bao gdbm kha ning st
dung k¥ thuat ma tran thua, kha nang phat hién
va tim kiém céc tri do tho, kha ning hiéu chinh
céc két qua binh sai mang luéi dd c6 tir trude
khi mang ludi do cao c6 bién dong ma khong
phai binh sai lai toan bé mang ludi nay da st
dung cac thuat toan binh sai truy hdi voi phép
bién dbi xoay trung binh T - thuan va T - nghich
(xem tai liéu [8]).

Cac két qua nghién ciru & trén dugc trién
khai trong phan mém binh sai mang luéi d6 cao

hang I, II qudc gia VNAOLG - VIGAC
(Vertical Network Adjustment On Local Geoid -
Vietham  Institute of  Geodesy  And
Cartography). Cac két qua thuc nghiém binh sai
mang ludi d6 cao hang I, II khu vuc mién Béc
Viét Nam bao gébm 143 mébc d6 cao hang I, II
(106 mdc d6 cao hang I, 37 mdc d6 cao hang II),
22 duong d6 cao hang I, II (17 duong dd cao
hang I, 5 duong d6 cao hang II) d4 cho sai sb
trung phuong don vi trong s6 sau binh sai bang
+ 1.185 kGal.mm/1km, s cai chinh nghiém cuc
dai bang 0.077 kGal.m. Sai s trung phuong
I6n nhat cua gia tri binh sai cua thé trong trudng
dat + 0,021 kGal.m tai cac diém yéu nhat I(BH-
TH)39, I(BH-TH)45-1, I(BH-TH)53A va I(BH-
TH)58. Mang luéi dugc binh sai trong hé tridu
0.

Viéc so sanh cac do cao chuin duoc binh
sai trong khudn kho dé tai nay voi cac do cao
chuén cua cac mdc dd cao hang I, II do Cuc Po
dac va Ban d6 Viét Nam cung cip, d6 chénh cuc
dai cta cac dd cao chuin duoc so sanh nim &
muc £+ 7 cm.

3. KET LUAN

Phuong phdp binh sai mang ludi dd cao
hang I, II qudc gia 1 xu hudng hién dai trong ly
thuyét hi¢u chinh toan hoc cac mang ludi tric
dia nhim hoadn thién phwong phap binh sai
truyén thong khi tinh dén cac thanh tyu hién dai
cia viéc xac dinh thé trong trudng cia mat
geoid cuc b sat nhat véi mit bién trung binh tai
tram nghiém triéu 0 va cac ing dung cua cac gia
tri thé trong truong cia cac mbc do cao hang I,
Il qudc gia trong viéc giai quyét hang loat bai
toan hién dai cua Trac dia vat Iy nhu lién két cac
hé do cao ctia cac nudce khac nhau, xay dung mé
hinh quasigeoid qubc gia do chinh xac cao va
két hop voi cong nghé GNSS dé xac dinh cac
gi4 tri cta cac thé nhidu trén cac mdc do cao
hang I, II quéc gia phuc vu viéc giai quyét bai
toan hiéu chinh cac hé s6 khai trién diéu hoa cia
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mo hinh EGM cho phu hgp véi trong truong
trén I1anh thé quéc gia.

Phuong phap binh sai mang ludi do cao
hang I, II dugc trinh bay trong bao cao khoa hoc
nay dap tng day du cac yéu cau qudc té hién dai
trong viéc binh sai cdc mang ludi tric dia qudc
gia gin két v6i viéc g dung hé thong théng tin
tric dia qudc gia.

Tiép theo cac nude EU, cac két qua binh
sai thir nghiém mang ludi do cao hang I, 11 khu
vuc mién Bic Viét Nam dya trén mit geoid cuc
bo Hon DAu 1a cac két qua dau tién duoc cong
bd & Chau A theo phuong phap binh sai mang
lu6i qubc gia dua trén mat geoid cuc bo.

Development of method for adjusting the
national | and Il orders vertical network
based on the local geoid Hon Dau

¢ Ha Minh Hoa

Institute of Geodesy and Cartography, Vietnam

ABSTRACT

The paper concentrates on researching
results in building of method and software
VNAOLG-VIGAC (Vertical Network Adjustment
On Local Geoid - Vietnam Institute of Geodesy
And Cartography) for adjustment of national
first, second orders vertical network bassed on
local geoid Hon Dau. Main results consist of
researching method for conversion of a
measured geometric height differences from
mean tide system to zero tide sysstem;
construction of method of transformation of the
measured geometric height differences into a
geopotential differences; method of calculation
of weights of the geopotential differences on
first, second orders levelling lines; method of
detection of outlier levelling lines and methods
of correction of results of the national first,
second orders vertical network adjustment on
case of change of observables (adding of some

new levelling lines, restoring of some lost
benchmarks) by principle: Based on present
results of the national first, second orders
vertical network adjustment without
readjustment of the whole network. The
experiment results of software VNAOLG-VIGAC
for the national first, second orders vertical
network adjustment on the Vietnam Northern
region with 143 first, second orders
benchmarks, 17 first order levelling lines, 5
second order levelling lines showed that RMS
unit weight is equal to £ 1.185 kGal.mm/1km,
maximal RMS of adjusted geopotential reaches
+ 0,021 kGal.m. Adjustment of the national first,
second orders vertical network adjustment on
the Vietnam Northern region in zero tide system
leads to maximal offset of normal heights at
level of £ 7 cm in comparison with those of in
mean tide system.

Keywords: vertical network, adjustment, geoid, Hon Dau, VNAOLG-VIGAC.
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