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NGHIEN CUU LUA CHON HE BO CAO DUA TREN MAT GEOID
PE GlAI QUYET BAI TOAN HOAN THIEN HE PO CAO

GAN LIEN V01 VIEC XAY DUNG MO HINH QUASIGEOID B0
CHiNH XAC CAO

PGS. TSKH. HA MINH HOA
Vién Khoa hoc Po dac va Ban dé

Tom tat:

Bai bao khoa hoc nay luan chimg cho viéc xay dung Hé do cao qudc gia dua trén mat
Geoid cuc b tai tram nghiém triéu Hon D&u nham gidi quyét nhiéu nhiém vu khoa hoc -
ky thuat hién dai cla Trac dia, ddc biét la nhiém vu xay dung mé hinh Quasigeoid quéc gia
do chinh xac cao.

1. Pat van dé

rong tai liéu [6] d& luan chiing cho vai tro clia Hé d6 cao dua trén mat Geoid trong
mwec xay dung mé hinh Quasigeoid d chinh xac cao. Bay con la co sé dé xay dung

hé toa do dong quéc gia (Khung quy chiéu khdng gian qudc gia) [7]. Viéc xay dung
Hé d6 cao du’a trén mat Geoid va viéc xay dung md hinh Quasigeoid d6 chinh xac cao la
hai bai toan gan két vdi nhau rat chat ché dua trén co sé st dung mét trong céc nguén dir
liéu quan trong nhat - cac dit liéu di thudng d6 cao GNSS/thdy chuin va di thu’dng dd cao
trong Iuc (dudc xac dinh tir mé hinh trong trusng Qua dat EGM) trén cac diém GNSS/thay
chuin.

Trong thuc t& tén tai hai dang Hé d6 cao dua trén mat Geoid:

- Hé dd cao dua trén mit Geoid cuc b véi thé néng trong truong thuc Wy, thém vao dé
mat Geoid cuc b6 trung hodc séat nhat v8i mat bién trung binh tai tram nghiém triéu Hon
DA4u. Uu diém ctia Hé d6 cao nay la khong thay déi cac dd cao chuén clia cac diém dé cao
trong Hé d6é cao HP72;

- Hé do cao dua trén mat Geoid toan cau. Hién nay mat Geoid toan cau dugc xac dinh
véi thé néng trong trudng thuc 7, = 62636856,0 m*>.s™ [1,2]. M4t Geoid nay dudc stf
dung dé xay dung mé hinh trong trudng Qua dat EGM2008 va m6 hinh bé mat tu nhién
dong luc trung binh (Mean Dynamic Topography MDT) DNSC08 MDT. Viéc st dung Hé
dd cao nay sé lam thay d6i cac do cao chudn cla cac diém do cao trong Hé d6 cao HP72.

Nay sinh mét cau hoi: Néu khong xay dung He d6 cao dua trén mat Geoid cuc bo thi cé
thé xac dinh dugc di thudng do cao do chinh xac cao trén diém GNSS/thly chuan dua trén
céc di thusng dé cao GNSS/thlly chuén va di thudng d6 cao trong Iuc trén diém d6 dugc
hay khong?. Bai bao khoa hoc nay sé tra Igi cau hoi trén.

Ngudi phan bién: GS. TSKH. Pham Hoang Lan
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2. Giai quyét van dé

Chung ta goi Ellipsoid ITRF la Ellipsoid qudc t&€ dugce st dung dé x{r ly cac dit liéu do
GNSS trén cac diém GNSS/thlly chuan trong ITRF. Trong thuc t& di thudng d6 cao GNSS
va di thudng do cao trong luc dudc xac dinh tuong (ing véi Ellipsoid ITRF (tam goi la di
thudng d6 cao ITRF). Trong khi d6 di thudng do cao trong mé hinh Quasigeoid quéc gia lai
dudc xac dinh tuong (ng vai Ellipsoid WGS84 quy chiéu clia Hé toa do VN2000 (tam goi
4 di thudng d6 cao cuc bd). Khi d6 tén tai 05 quan hé c6 y nghia thuc té gitta di thuong
d6 cao ITRF va di thudng do cao cuc bd. Chiing ta sé khao sat 5 quan hé nay. Cho diém
M Ia diém GNSS/thlly chudn va nam trén mét vat ly ctia Qua dat. Chang ta ky hiéu:

* H - d6 cao chuan ctia diém M so véi mat Quasigeoid toan cau (tring véi mat Geoid
toan cau trén cac bién va dai duong);

* H}, - do cao chudn clia dim M so véi mat Quasigeoid cuc bd (trung véi mat Geoid

cuc bb tai tram nghiém triéu Hon D4u va bang dé cao chuén trong hé HP72).
Chung ta xem xét 4 dang di thuong d6 cao:
- Di thuong do6 cao cuc bo loai 1
Cy=H,-H] (1)
la khoang céch gitta mat Ellipsoid quy chiéu va mat Quasigeoid cuc bo theo dudng vuéng
géc tir diém M dén mat Ellipsoid nay, thém vao dé dé cao tric dia Hy ctia diém M la khoang
cach dén mat Ellipsoid quy chiéu theo dudng vudng géc néu trén.
- Di thudng d6 cao toan cau loai 1
Cy=Hy,- ]7(4 (2)

la khoang cach tir gitta mét Ellipsoid quy chi€u va mat Quasigeoid toan cau theo dudng
vudng gbc tir diém M dén mat Ellipsoid nay.
- Di thudng dé cao cuc bé loai 2

éTM T ﬁM 3% HA(/ (3)

la khoang cach gilra mat Ellipsoid ITRF va mat Quasigeoid cuc bé theo dudng vudng géc
tir diém M dén mit Ellipsoid nay, thém vao dé do cao tréc dia H,, cia diém M la khoadng
cach dé€n mat Ellipsoid ITRF theo dudng vuéng géc néu trén.

- Di thuding dd cao toan cau loai 2
CM = [7‘\/ —ﬁ{/ (4)

la khodng cach gitta méat Ellipsoid ITRF va mat Quasigeoid toan cau theo dudng vudng géc
tir diém M dén mat Ellipsoid nay.

Gitta 4 loai di thudng d6 cao néu trén dugc mo ta trén cac hinh 1 va 2 & dudi day.
Chung ta luu ¥ ring gilta 6 cao tric dia Hy, va H,, ton tai quan hé
HM:I_1M+AI7M, (5)
4 day
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Ellipsoid quy chifu : E111p501d ITRF

T o o
el & e ; : X R ;
Lo Quasigeoid cuc bd {,"M‘ Quasigeoid cuc bd
e Qua51g601d toan cau e ~—Quasigeoid toan ¢ au
Hmh 1. Quan hé giita Ellipsoid quy chitu Hinh 2. Quan hé gitta Ellipsoid ITRF
v Quasigeoid cuc bd, Quasigeoid toan va Quasigeoid cuc bd, Quasigeoid
chu toan chu

— LBV f o kel =~ L 2 ~
AHM=_%Aa+NsszM.%+(XOcosLM+YosmLM)osBM+

152 PUELUNE DB g, Bt iy LS g ©
+ZysinB,, — N&*sin B, cos B, [E’l‘—‘sm Ly —ﬁ—)”cos Ly, )+[%+ H ]Am,

@ - ban truc 16n cla Ellipsoid ITRF; a - ban truc 16n ctia Ellipsoid quy chiéu; 22 - tam sai
thit nhat ctia Ellipsoid ITRF; e? - tam sai th( nhat ctia Ellipsoid quy chiéu; By, Ly, Hy - cac
toa d6 tric dia cla diém M trong hé toa d6 quéc gia; BM,LM,H - cac toa d6 trac dia cla
diém M trong ITRF;

2, =2
Y 5 _ oatal s e +e
Aa=a-—a, Aezze“—ez; a= ; ¢t = ;
2 2
E _B +B Z _LM+LM ﬁ _HM+HM
M T ) ’ M T ) M s
2 2 2

N - Ban kinh cong ctia dudng thang diing th{t nhat ( N=2a.l —&%sin? EM )_E; i
p" = 206 264, 806 2".

Chung ta sé xem xét cac trudng hop thiét 1ap cac quan hé gitta cac loai di thuong d6 cao
loai 1 va loai 2 trong céc cong thic (1), (2), (3)va(4).

Truong hop 1. Quan hé gitta cac di thudng d6 cao C—M va §:M
Chting ta xem xét cong thic tinh dé cao chuén cuc bd
W, —-W
et (7)

M

& day W, - thé ning trong trudng thuc clia mét Geoid cuc b, Wy, - thé n&ng trong truong

thuc tai diém M, 7,, - gia tri trung binh clia gia t6c Iuc trong trudng chudn tuong (ng Vi
Y

diém M, thém vao dé 7,, =7, 9-30—85—&< mGal >, con Y, gia tri trung binh ctia gia téc

luc trong truong chudn trén mat Ellipsoid va cong thic tinh d6 cao chuén toan cau
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ar =W (8)

M

Il

& day W, - th& nang trong trudng thuc clia m&t Geoid toan cau,

¥,, - gia tri trung binh ctia gia téc luc trong trudng chudn tuong (g véi diém M, thém

Ty
vao do 7, =7, —%H—M<m6al>.

Khi @&t 7, =7, +Ay, Oday Ay=-0,1543.(H],—H,), va déi véilanh thd Vit Nam
hiéu H!, —H,=0.890 m (s6 liéu nay sé dudc cong b trong cong trinh tiép theo) va nhan
gia tri trung binh ¥,, =¥ =978243 mGal, ching ta thay ring biéu thirc

Lelirig BV S8 4 4088.10°7).
Y Vm Yu  Vum

D&i vai diém M 1a dinh Phan Xi Png véi do cao chudn H1, =3.143 m, hiéu thé nang

W, —W,, =30746,17749 m*s™.Khi d6 viéc nhan —— = —— s& chi d4n dén sai s6 trong do
o
cao chudn (8) & mirc 4mm. Do d6 ddi véi lanh thd Viét Nam chung ta hoan toan c6 cd s6
d& nhan bidu thitc —— = —L va tir cac céng thitc (3) va (4) suy ra quan hé
YA/I ’y‘\l
w,-W, 9)

Y

=out

"\‘Il

Céng thiic (9) hoan toan cho phép giai quyét bai toan nang cao dé chinh xac cla di

thuding dd cao tai diém M tuong tng véi Ellipsoid ITRF khi 1ay trung binh di thudng d6 cao

GNSSthily chudn £, va di thuéng do cao £, =, +2, (e dj thudng d6 cao db
M
chinh xac cao trén diém M dugc xac dinh theo cong terc [5]:
= +

dudi cac diéu kién sau:

- Thay di thudng dé cao §=M b&ng di thudng d6 cao trong luc ¢ & dudc tinh tir mé hinh
EGM (sau khi hiéu chinh d6 cao Geoid bing cac s8 cai chinh cén thiét d& chuyén vé trong

trudng chuén ctia Ellipsoid ITRF). Cac di thudng d cao GNSS/thly chuan EM va di thudng

WW

d6 cao trong luc C =, + la cac dai lugng doc lap véi nhau;

M

TAP CHI KHOA HOC DO DAC VA BAN DO SO 13-9/2012



Wg]dﬁuaﬁu e .

- Thé ning trong trudng thuc W, clia mét Geoid cuc b da dugc xac dinh, titc da ton tai
Hé db cao dua trén m&t Geoid cuc bd. Viéc xac dinh gia tri W, ctia mét Geoid cuc bd trung
v8i mét bién trung binh tai tram nghiém triéu Hon DAu sé dudc cong bd trong cong trinh
tiép theo. :

Truong hop 2. Quan hé gilra cac di thuong dé cao ¢, va EM
Tir cac cong thite (1), (3), (5) va (7) ching ta c6 quan hé

= — w,—W, — w,.—-W L
§M:HM—-'L——M=HM—AHM__()———M_:CM—AHM,
Ym Ym
Gl A 5 (11)

hay
Trudng hop nay dudc ap dung dé xay dung mé hinh Quasigeoid quéc gia khi st dung
Hé do cao dua trén mat Geoid cuc bd lam Hé d6 cao quéc gia va di thuong do cao g—M da

dudc lam chinh xac theo céng thitc (10).
Truong hop 3. Quan hé gilta cac di thuong d6 cao GNSS/thly chuén £, va cj:M
T cac codng thitc (7) va (8) ching ta ¢c6 biéu thic [5]
— w,-W,
H =H! +—2>—%,
7., (12)

Luu y cac cdng thic (1), (4), (5) va (12) ching ta c6:

R T _ W
CMZHM—HL:(HM’HL)—AHM— Lt
Ym
—  W,-W,
:CM—AHM_ = %)
Lo
hay
VV:)_WO
: (13)

CM =C~M+AﬁM+ =
147,
Khi luu y cong thitc (9) ching ta thdy cong thic (13) tuong tu nhu cong thirc (11), tic

trudng hop nay tuong tu nhu trudng hop 2.
Truong hop 4. Quan hé gilta cac dj thuong do cao GNSS/thiy chuén CAM va §=M

Tur cong thire (4) luu y cac cong thie (2), (5) va (11) suy ra

hay
@ . (14)
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Truong hdp nay dugc ap dung dé xay dung mé hinh Quasigeoid quéc gia khi s dung
Hé do cao dua trén Geoid toan cau lam Hé do cao quéc gia. Dj thudng d6 cao 88
phai ctia cong thirc (14) c6 thé dudc lam chinh xac theo cong thiic [6]:

= - éTM +§fl
Gl i,

- & day gia tri di thuong dé cao EM dudc xac dinh theo cong thic (4), con di thudng d6 cao

trong luc ¢ 8 dudc xac dinh tir mé hinh EGM.

Béi véi mo hinh trong trudng Qua dat EGM2008, theo danh gia trong tai liéu [3], 6 chinh
xac cla dj thudng d6 cao trong Iuc trén cac dai duong dat & mirc £ 6,1cm trén dat lién dat
mic & 10,3cm. Theo tai liéu [4], viéc so sanh dj thudng d6 cao GPS/thly chuan trén 675

diém & Bic véi di thusng do cao trong luc dugc xac dinh tir moé hinh EGM2008 cho thay:

Sai s6 trung phuong cla hiéu di thudng d6 cao GPS/thlly chuén va di thuong do cao trong
luc t& mé hinh EGM2008 & mdc 3,8 cm.

Tuy nhién dé xac dinh di thusng d6 cao £, theo cdng thifc (4) can phai chuyén déi do
cao chudn H, tir Hé d6 cao HN72 vé Hé dé cao dua trén Geoid toan cau theo cong thirc
(12). Khi d6 chiing ta phai xac dinh thé nang trong trudng thuc W, clia mat Geoid cuc bo,
tlc ton tai ca Hé do cao dua trén mat Geoid cuc bo.

Nhu d& trinh bay & trén, uu diém clia Hé d6 cao dua trén mat Geoid cuc bé la khong lam
thay d6i cac d6 cao chuén cia cac diém d6 cao trong Hé d6 cao HP72. Do dé chung ta
khéng thay cé y nghia gia tri nao dé sir dung Hé d6 cao dua trén Geoid toan cau lam Hé
d6 cao quéc gia. Vi ly do trén viéc sl dung Hé dé cao dua trén mat Geoid cuc bo lam Hé
dé cao qudc gia 1a hiéu qua hon ca.

Truong hgp 5. Quan hé gilta cac dj thudng do cao GNSS/thlly chudn C,val,

Tt cdng thic (3) luu y cac cong thic (2), (5), (7) suy ra

= — — W -W — W =W
w S ymll, = H) = M:Hu"AHM_ =
Vu Yu

W,-W,+W,-W, — W, — ik

:Hw 0 M_ 0 0 _AHM =(HM_ 0— WM J_ AHM_
Vi M
W,-W, s W T
0 g o:é‘w_.AHM_ bR
147 Yy
hay é:M = EM + A[—_]M - Liicil ’ (15)

Luu y céng thitc (9) tir cong thitc (15) chting ta lai suy ra cong thirc (14), tirc trudng hop
5 tuong tu nhu trudng hop 4.

Bén day ching ta d3 tra 16i dugc cau hoi dat ra: Trong céc trudng hop dudc xem xét
chung ta thdy rdng dé€ xac dinh dugc dj thudng do cao dd chinh xac cao trén didm
GNSS/thiy chuén dua trén viéc tinh toan gia tri trung binh cta cac di thudng dé cao
GNSS/thly chuén va di thudng d6 cao trong Iuc trén didm dé bét budc phai xay dung Hé
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do6 cao dua trén mat Geoid cuc bd. Ngoai ra Hé do cao nay cé uu diém la khéng lam thay
d6i cac dd cao chuén ctia cac diém do cao trong Hé d6 cao HP72. Do d6 viec xay dung
Hé d6 cao dua trén mat Geoid cuc bo tai tram nghiém triéu Hon Dau lam Hé db cao quéc
gia hién dai la hodp ly nhat trong bai toan hoan thién Hé do cao qudc gia gén két véi viéc
xay dung mé hinh Quasigeoid quéc gia do chinh xac cao.

Nhiém vu trong tdm clia bai toan viéc xay dng Hé do6 cao dua trén mat Geoid cuc bd
la xac dinh dugdc thé nang trong trudng thuc W, clia mat Geoid cuc b, thém vao dé mat
Geoid cuc bo nay trling va sat nhat véi mat bién trung binh tai tram nghiém triéu Hon DAu.
Co s0 clia viéc thuc hién nhiém vu néu trén 13 thiét °t lap md&i quan hé glu’a mat Geoid toan
cau dudc xac dinh véi thé nang trong trudng thuc W, =62636856,0 m*.s> va mat Geoid
cuc bo.

3. Két luan

Céc két qué nghién cGu trong bai bao khoa hoc nay cho phép ching ta két luan réng
Hé d6 cao qudc gia hién dai la Hé d6 cao dua trén mat Geoid cuc bd (sat nhat vai mat bién
trung binh) tai tram nghiém triéu Hon D&u. Hé d6 cao nay khong chi khéng lam thay d6i
céc dé cao chuan clia cac diém dé cao trong Hé dd cao HP72, ma con cho phép nang cao
d6 chinh xac cta di thudng d6 cao dé chinh xac cao trén cac diém GNSS/thdy chudn dua
trén viéc lay gia tri trung binh cla cac gia tri di thudng d6 cao GNSS/thuy chuén va di
thudng d6 cao trong luc. Day la phuong huéng co ban trong viéc trién khai nhiém vu Hoan
thién Hé d6 cao qudc gia gan két véi viéc xay dung mo hinh Quasigeoid quéc gia dé chinh
xac cao.O
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- Trudc khi tién hanh do tim céng trinh
ngam, can xay dung mé hinh céng trinh
ngam tai khu vuc do vé, tién hanh do thi
nghiém nham xac dinh cac tham s clia cac
bd loc s6 liéu, s6 bo loc str dung va thir tu sir
dung cac boé loc theo phuong an chinh xac
dan. Lua chon mau hién thj ctia gian dé
song radar. Cac két qua do thir nghiém nay
sé dudc sif dung trong qua trinh do tim céng
trinh ngam tai khu vuc da do thr nghiém dé
xac dinh cac tham s6 cla thiét bj
RAMAC/X3M.Q

Summary
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RESEACH SOME SOLUTIONS TO IMPROVE SEARCH RESULTS BY RAMAX/X3M

RADAR
Dr. Tran Viet Tuan
University of Mining and Geology

The contents of the report will present findings apply some technical solutions to
enhance detection capabilities interpretation detect underground radar on the schema. The
technical solution which allows to improve the precision, detection and mapping of under-

ground urban by ramac/x3m radar.Q

NGHIEN CUU LUA CHON HE B@ CAO...
(Tiép theo trang 7)
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Summary
Assoc. Prof. Dr. Sc. Ha Minh Hoa

Vietnam Institute of Geodesy and Cartography

~ Research of a selection of a based on Geoid height system for solving of task of perfec-
tion of the height system connected to building of high accurasy Quasigeoid model

This scientific article creates foundation of a building of a local Geoid - based height
system at the Hon Dau tide gauge for solving of the many modern science - technical tasks
of the Geodesy, especially task of the building of the high accurasy state Quasigeoid

model.O
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