Nghién ciru

CO SO LY THUYET NANG CAP HE QUY CHIEU HE TQA PO
QUOC GIA VN-2000 THICH UNG VOI KHUNG QUY CHIEU
QUOC TE ITRF

LEU HUY NAM®, HOANG NGQC HA®, NGUYEN CONG SON®
D Cuc Ban do, Bé T (fng tham muu
@ Trwong Dai hoc M6 - Pia chdt Ha Ngi
GVién Khoa hoc Po dac va Ban do

Tém tit:

Viéc xdy dung hé quy chiéu hé toa dé phii hop véi ddc diém tw nhién cia timg quoc gia cé
¥ nghia rdt quan trong trong nhiém vu phdt trién kinh té va xd héi va an ninh quéc phong.
Thang 7 nam 2000, Hé quy chiéu hé toa dé quéc gia VN-2000 (Hé toa do VN-2000) chinh thuc
dwoc dp dung va thay thé Hé quy chiéu hé toa d¢ HN-72. Vé gidi phdp ky thudt, hé toa d VN-
2000 sir dung elipsoid WGS-84 dira trén nguyén tac dinh vi elipsoid sdt nhdt véi mdt geoid cuc
bé ¢ Viét Nam. Sau 20 nam phat trién, hé quy chiéu WGS-84 da cdp nhdt qua nhiéu phién ban
nhung hé toa dé VN-2000 van dang o trang thdi “tinh”. B&ng thoi viéc xay dung hé quy chiéu
hé toa do moi hodac cdp nhdt theo cac phién ban cua hé quy chiéu WGS-84 gap nhiéu khoé khan.
Vi vdy bai bdo sé dé xudt gidi phdp ndng cap hé quy chiéu hé toa dé quéc gia VN-2000 tir cic
tram dinh vi vé tinh CORS két noi véi mang luoi toan cau IGS (International GNSS Service).

T khoa: VN-2000, ITRF, CORS, IGS, tinh chuyén toa do.

1. Pit van dé

Tai Canada, viéc ing dung tram dinh vi
v¢ tinh trong cdp nhat va nang cép hé toa do
quéc gia di duoc cong bd va chimg minh két
qua vé do chinh xac khi lién két v6i cac hé
thong toa do khac trén thé gii. Hé thong quy
chiéu khong gian Canada (CSRS - Canada
Spatial Reference System) dugc xay dung dua
trén hé quy chiéu NAD-83. CSRS 1a hé toa do
khong gian voi toa do mit phang va do cao
tric dia cua cac diém tric dia dugc xac dinh
trong NAD-83 bao gém 250 tram thudc hé
thong khong ché tich cuc Canada (the
Canadian Active Control System - CACS) va

mang ludi co s& Canada (Canadian Base
Network - CBN). Tai phia Nam Canada cac
tram CBN thuoc hé théng CSRS duoc thiét ké
cach nhau khoang 200 km va thu tin hiéu vé
tinh GN'SS lién tuc. Pong thoi CSRS con duge
hd trg boi mang ludi hé thong diéu khién chir
dong bao gém cac diém CACS két hop céc
tram GNSS c¢6 4p dung k¥ thuat do VLBI
(Very long baseline interferometry) va dugc
goi 1a diém kiém soat hoat dong ACP (Active
control systems) [11].

Theo thong tin tr T6 chuc tai nguyén
Canada (NRCan), nguyén tic thiét ké xir Iy va
phén cp bac mang luéi diéu khién tric dia trong
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NADS3 duoc biéu dién theo hinh kim tu thap
(Hinh 1). 3 tAng day dugc goi 1a mang thy dong,
chiing bao gdm cac mang ludi mat do cap thanh
phé va huyén 1am nén tang. Sau d6 s& dugc nang
cap 1én mang ludi cp tinh va cudi cing 13 mang
ludi co so cap qubc gia Canada. 2 phan trén cia
kim ty thép 1a mang chu dong, véi cac diém kiém
soat hoat dong ACP cép khu vuc va cép tinh, sau
d6 1a CACS, cudi cung 1a duoc do dac va danh
gi, kiém soat boi cac diém c6 sir dung phuong
phap do VLBL
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Hinh 1: Thir bdc mang diéu khién trdc dia
trong NADS3 (CSRS)

Tai Viét Nam, nam 2020 B Tai nguyén
Moi truong da xay dung va dua vao hoat dong
hé thdng tram dinh vi vé tinh qudc gia bao
gom: 65 tram GNSS CORS (24 tram Geodetic
CORS duogc bd tri trén pham vi toan quéc voi

khoang cach trung binh gitra cac tram tur 150-
200 km va 41 tram NRTK CORS duogc b tri
tai 3 khu vuc: D@)ng béng Bic Bo va khu vuc
Thanh Hoéa, khu vuc mién Trung va Tay
Nguyén, khu vuc Nam B¢ vdi khoang cach
trung binh gifta cac tram tir 50-80 km. Cuc
Ban d6 BTTM di xay dung va dua vao hoat
dong hé théng tram dinh vi v€ tinh bao gém:
6 tram TTCS DGNSS va 18 tram CORS duogc
b tri trén pham vi toan qubc (01 tram trén
quﬁn ddo Truong Sa). Hién tai mang ludi
VNGEONet da tham gia 08 tram CORS vao
mang ludi dia dong lyc Chau A-Thai Binh
Duong (APRGP), trong giai doan tdi mang

luoi s tham gia 02 tram CORS vao mang ludi
IGS [4]. Pay sé la nhiing tram co s& dam bao
dit liéu tinh toan két ndi nang cép hé toa do
VN-2000 theo khung quy chiéu quic té ITRF
mot cach thun loi nhét.

V& hién trang hé toa d6 VN-2000, day 1a hé
toa do dugc xay dung dya trén nguyén tdc co ban
d6 13 tong binh phuong khoang cach giita 2 mat
geoid/quasigeoid va ellippsoid 13 nho nhét, the
hai 13 tong binh phwong cac dao ham giita 2 mat
geoid/quasigeoid va ellipsoid 1 nho nhat, thir ba
14 tong binh phuong khoang cach va cac dao ham
gilta 2 mat geoid/quasigeoid va ellipsoid 1a nhd
nhét. Vé do cao, hé toa @6 VN-2000 sir dung mé
hinh geoid VNGeo-96R dugc xay dung theo
phuong phép phan du dya trén mo hinh tién
nghiém EGM96 va 367 diém GPS do cao thuy
chuan (GPS/TC) c6 do chinh xac khong dong
déu (do tan dung tr cac ngién du an khac nhau)
dan dén anh hudng té1 do chinh xac vé d0 cao khi
xir 1y tinh toan [3]. Chinh vi vay, viéc két ndi
mang lu6i dinh vi vé tinh quéc gia véi hé quy
chiéu qudc té ITRF thong qua cac tram thudc
mang ludi ciia to chtic cung cap dich vu GNSS
quéc t€ IGS ¢co trong khu vuc va cac diém toa do
qudc gia cap 0 s& gitip nang cao do chinh xac do
cao cua hé toa do VN-2000 dap tmg tiéu chi nang
cap hé toa dd VN-2000 trd thanh hé toa do khong
gian qudc gia (cic diém trong mang ludi tram
dinh vi v€ tinh quéc gia dugc xur ly tinh toan
thuong xuyén, lién tuc trong ITRF vé1 d chinh
xac <2mm) [5].

2. Co s& ly thuyét

Theo Tran Bach Giang (2000) viéc lua
chon hé quy chiéu WGS-84 thay thé cho hé
quy chiéu Krasovski trong viéc xay dung hé
toa do VN-2000 tai thoi diém d6 vé6i 1y do
quan trong do 1a 4p dung cong ngh¢ dinh vi vé
tinh, dam bao két ndi sb liéu voi qubc té va
phat trién 1au dai. T nhitng quan diém do, sau
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hon 20 nam dua vao str dung, hé toa do VN-
2000 da gitip thong nhét sb liéu trén toan lanh
tho Viét Nam, giup nang cao kha ning tmg
dung GNSS vao do cao hinh hoc, xay dung
ban d6 dia chinh ciing nhu x4y dung mé hinh
Geoid trén pham vi ca nudc.

Tuy nhién t&i thoi diém hién tai, hé quy
chiéu WGS-84 da nang cip qua nhiéu phién
ban nhung dit liéu lai khong duoc cong bd
rong rii nhu dir liéu thudc hé quy chiéu ITRF
do IGS (International GNSS Service) quan ly
khién cho viéc tinh toan cap nhat h¢ toa do
quéc gia VN-2000 gip nhiéu kho khan [10].

Bang 1: Cac phién ban hé toa do WGS-84

Phién ban Chu ki M6 hinh tham chiéu Thoi gian Do chinh xac
WGS-84 (Transit) None BTS84 1987 I-2m
WGS-84 (G730) 1994.0 ITRF92 29/6/1994 10 cm
WGS-84 (G873) 1997.0 ITRF9%4 29/1/1997 5cm
WGS-84 (G1150) 2001.0 ITRF2000 20/1/2002 I cm
WGS-84 (G1674) 2005.0 ITRF2008/1GS08 8/2/2012 <l cm
WGS-84 (G1762) 2005.0 ITRF2008/1GB0S8 16/10/2013 <l cm

Vé uu diém, ITRF d3 két hop nhiéu phuong phap dé hién thuc héa hé théng tham chiéu

nhu do khodng céach laser vé tinh SLR (Satellite Laser Ranging) va phép do giao thoa duong co
so rat dai VLIB. Vi vay phién ban hé toa 40 WGS-84 (G1674) do t6 chirc NGA nang cap da
dugc can chinh theo ITRF2008 véi cung thoi diém 2005.0. Viée diéu chinh WGS-84 thanh
ITRF cho phép hé quy chiéu tan dung cac phuong phéap xac dinh toa do, chuyén dong quay cia
cuc quay Trai dat ma t6 chtc IGS cung cép [10].

Bang 2: D¢ léch giita hé toa do WGS-84 va hé toa do ITRF

1

AX(em) | AY(cm) | AZ(cm) | Rx(mas) | Ry(mas) | Rz(mas) (Spc:be;

Mean 0.0 -0.0 -1.0 -0.08 0.07 0.04 -0.55
Std Dev 0.0 0.0 1.0 0.08 0.09 0.13 0.14

Theo Stephen Malys (2014) khung tham
chiéu WGS 84 (G1762) so véi ITRF2008 ¢
d6 1éch binh phuong trung binh gdc (RMS)
téng thé 1a mot centimet. So sanh giira lich
thién van chinh xac cia NGA duoc tham chiéu
dén WGS 84 (G1762) va lich thién vin chinh
xac cua dich vu GNSS quéc té (IGS), duoc
tham chiéu dén ITRF2008, x4c nhan réng hai

hé thong tham chiéu 1a nhat quan. Piéu nay
chi ra ring hai hé quy chiéu nay vé co ban
gidng hét nhau véi sy khac biét khong c6 y
nghia thong ké d6i v6i hau hét cac ing dung.
Tur nhitng co sé 1y thuyét do, viée sir dung
hé quy chiéu ITRF dé nang cp hé toa 46 VN-
2000 duoc cho la phu hop va thuan 1gi hon so

TAP CHf KHOA HOC DO DAC VA BAN PO SO 59-3/2024 21



vé6i viée tiép tuc sir dung cac phién ban cta hé Viéc tinh chuyén cac két qua do GNSS
toa d0 WGS-84 dé tinh toan nang cap. trong khung quy chiéu ITRFyy vé H¢ toa do
2.1. Co si Iy thuyét tinh chuyén theo VN-2000 cd the st dung cac md hinh tinh
quan diém dpng khi két néi véi ITRF chuyén khac nhau. Theo Bursa-Wolf [12]:
X T, X
[y] = [Ty] + (1 + S)RZ (wz)Ry (wy)Ry (wy) !Y] (1)
z T, Z
Trong do:
[1 0 0

Ry (wy) = |0 COSwy  sinwy
|0 —SINwy COSwy]
[COSwy, 0 —Sinw,]
Ryw)=| 0 1 0
[sihw, 0 COSwy |
[ COSw, Sinw, 0]
R; (wy) = |-Sinw, COSwy O
0 0 1.

V& ban chét cac truc caa hé quy chiéu déu dao dong va tu xoay quanh nd, khi coi cac chuyén
dong mang kién tao trén bé mit hinh cau thi phuong trinh (1) rat chuan xac va dong nhat tuyén
tinh, tuy nhién khi biéu dién trén hinh elipsoid hay cac hinh biéu dién bé mat trai dat khac thi
gdc quay o s& khong con 6n dinh (Hink 2). Po d6 viéc tinh toan chuyén d6i theo phuong trinh
(2) sé& rat phuc tap vi 6 3 ma tran nghich déo va cac ham luong giéc.

I'I = Euler Pl Aals

- & |
W\ % v
ks % e
v
=t i N
£ T: 3

Hinh 2: Cdc tham sé tinh chuyén theo quan diém déng
Téc d6 dich chuyén bé mit cia mang kién tao tai Viét Nam dao dong tr 2,7 cm - 4 cm/nam
(theo huéng Pong Nam) [4]. Vi vdy, cong thirc tinh chuyén 7 tham sé theo Bursa-Wolf s&
khong con pht hgp ma phai chuyén d6i thanh 14 tham sb [12]:

x(t) T, () X
[WDI = [Ty(ﬂ + (14 5(8))Ry (@z(ODIRy (wy (OIRy (wy () |¥ 2)
z(t) T,(t) VA
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Trong do:

(T, (6)7]
T, (®)
T,(®)

s(t) | =
wy(t)
wy (1)

L w, (1)

Va:
COS Wy COS Wz
Rzyx (t) = [~ cos wy sinwy
sin wy

[T, (t0) + (= )T ]
Ty(tO) +(t— tO)fy
T,(ty) + (t = t)T,

s(t) + (t —to)s
wy(to) + (¢ = to)wy
wy(ty) + (t = to)wy

Lw,(ty) + (t — ty)a, ]

COS Wz Sin wy Sin wy + €co0s wy sin wy

COS Wy COS Wz — Sin wy Sin wy sin wy
— COS Wy Sin wy

— COS Wy COS Wz Sin wy + sin wy sin wy
COS Wy Sin wy + €OS wy sin wy sin wy
COS Wy COS Wy

Néu ta c6 thé xdy dung hé thong tinh toan cip nhat thuong xuyén va lién tuc, thi goc a lac

d6 s& rat nho (c6 thé coi gan bang 0), khi d6 cong thirc tinh chuyén s& chuyén dbi thanh dang

don gian hon:

.

Z(t)

X(t) 1
[Y(t)] = T+ (t—ty) |~y
VN2000
Do:

COS(wy(t)) = 1
CoOS(wy () = 1
COS(wy,(t)) = 1
2.2. Dé xuit gidi phap thir nghiém
Dir liéu st dung 1a diém CORS dugc do
ndi tinh toan trén hé toa d6 VN-2000 va trén
céc thoi diém cong bd cua khung quy chiéu
ITRFxy, dong thoi tai cac diém CORS déu c6
s6 liéu van toc chuyén dich trong cac thoi
diém tinh. Tir d6 1a co s& dé xac dinh tham s6
tinh chuyén toa do, két qua tinh toan s& tham
chiéu danh gia mdi twong quan va kiém ching
d6 chinh xéc gitta VN-2000 d6i voi ITRF va
WGS-84.
Yéu cau cua giai phap nghién ctu tinh
toan d6 can dap tmg cac muc dich co ban sau:
- Khai théac t6i da kha ning tmg dung cta
cac tram dinh vi vé tinh GNSS CORS tai Viét

Wy

w;  —wy X(®)
0 Wy [Y(t)]
—wx 0 dyn2000 2O e

sin(wy (1)) = wy(t)

sin wy (1)) ~ wy(0)

sin(wz (1)) = wz(t) ’ ’
Nam phuc vu nang cap h¢ quy chiéu h¢ toa do
VN-2000.

- Pam bao mdi lién két gitra Hé quy chiéu
toa d khong gian qudc gia VN-2000 va ITRF.
Tir cac két qua binh sai mang ludi GNSS trong
ITRF ching ta s€ nhan duoc toa do khong gian
d6 chinh xéc cao ctia cac diém co sd trong ITRF.

- Binh sai ghép ndi mang ludi GNSS qudc
gia vao Hé quy chiéu toa do khong gian qudc
gia s& cho phép xéac dinh 14 tham sb chuyén
d6i toa do khong gian tir ITRF vé Hé quy
chiéu toa do khong gian qudc gia, nang cao do
chinh xac cua toa do tric dia (hoac toa do
phang) va do cao tric dia cac diém co s twong
mg v&i Elipsoid quy chiéu quéc gia.
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Vi vay bai bao dua ra dé xuat giai phap nghién ctru tinh toan so sanh nhu sau:

Thoi diém tinh todn

|
|
|| ITRF97 @ epoch t I

|
' |
| A I _

WGS84(?) VN-2000 (t=2000)

| < ,
! : Thoi diém xdy dung
: ITRF... @ epoch t | '

|
|
| A :
l | Tinh -
| | ITRF2008 @ epoch t | chuyén 14 Mlo hinh dong
| | tham sb wc tir nam
| 1 l 2000 dén 2023
|
: ITRF2014 @ epoch t : Tinh
| I chuyén 7
: ? : tham s ¥
| | VN-2000 (t)
I | ITRF2020 @ epocht | <
' |
' |

Hinh 3: So do thir nghiém ddanh gi méi lién hé VN-2000 véi ITRF va WGS-84
Tur két qua tinh toan tham sb tinh chuyén, ddi chiéu voi két qua tinh toadn trén hé toa do
WGS-84 (tai thot diém xay dung) nham muc dich kiém tra chéo mbi tuong quan hé toa do
WGS-84 dung dé xay dung hé toa do VN-2000 twong tng véi hé quy chiéu ITRF. Tir két qua
so sanh d6, ta c6 thé nghién ctu giai phap quan 1y CSDL ban db s6 theo mé hinh dy doan
chuyén dich tuyén tinh va phi tuyén tinh cta dir liéu nhu sau:

Bdng 3: Gidi phdp tinh todn chuyén dich tuyén tinh va phi tuyén tinh

Ky nguyén to t1 t2 t3
Mé hinh chuyén dong tuyén tinh 0 Lo Lo2 Los
Xac dinh gia tri chuyén dich toa do my m mp ms
Noi suy mo hinh Iuéi grid Go1 G2 Go3
Tinh toan gia tri tich 1y Goi Go2= Go1 + G2 Goz = Go1 + Gi2 + G13
Téng gia tri chuyén dich Lo + Goi Loz + Goz Los + Gos

Trong d6 mé hinh chuyén dong tuyén tinh
Loi 14 gia tri chuyén dich mang kién tao tir ky
nguyén tham chiéu 7 dén ky nguyén tham
chiéu hién tai # duoc x4c dinh dwa trén cac
tham s6 tinh chuyén. Viéc do dac tinh toan xac
dinh céc gia tri chuyén dich va bién dang dugc
biéu thi 12 m,. Cac bién dang chuyén dich d6
duogc nodi suy tao thanh ludi Gy dé cho phép

biéu dién lién tuc cac gid tri chuyén dich bién
dang trén lanh tho Viét Nam giita cic ky
nguyén (i va ). Viéc tao mé hinh luéi bién
dang theo cac thoi diém tham chiéu nay cho
phép xéac dinh va kiém soat cac bién dang phi
tuyén tinh tich lity tir thoi diém tham chiéu dén
bat ki thoi diém nao khac (1) dé xac dinh (Go).
Gi4 tri tich lily cudi cung chinh 14 tong cua céc
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chuyén dong tuyén tinh va bién dang phi tuyén
tinh (Lo: + Go).

3. Két ludn

Van dé xay dung Hé quy chiéu va Hé toa
d6 khong gian Qudc gia 1a mot viée nhét thiét
phai 1am trong giai doan hién nay dé dap tng
duoc nhitng doi hoi ciia thuc té phat trién kinh
té - xa hoi va dam bao an ninh - quéc phong.
Viéc xay dung mot hé toa do quéc gia moi doi
hoi vé ngudn luc kinh phi va co s& ha tang
thiét bi may moc ton kém. Chinh vi vay giai
phép su dung mang ludi dinh vi vé tinh GNSS
xdy dung hé quy chiéu - hé toa do moi bang
phuong phép tinh chuyén 1a giai phap dam bao
tdt nhat vé ky thuat, hiéu qua cao trong su
dung va tiét kiém vé kinh té.

Viéc két ndi v6i hé quy chiéu ITRF s&
giip cho viéc nang cép hé toa 36 VN-2000
dang chi dap ung do chinh xac vé mit bang s&
phat trién 1én thanh hé toa do VN-2000 3D
dam bao do chinh x4c dong bo ca vé mit bang
13n d9 cao. La co so dé phat trién va Gmg dung
cac giai phap tinh todn xur ly dir li¢u toa do
diém do do chinh xac cao trong thoi gian thuc
tor cong nghé GNSS nhu gidi phap cong nghé
PPP-RTK (Precise Point Positioning - Real
Time Kinematic), dong thoi dé dang sir dung
cac thanh tuu khoa hoc cong nghé tién tién cua
thé gi6i trong linh vuc Tric dia Ban do.

Tur nhimg tiéu chi do, giai doan tiép theo tac
gia s& tiép tuc thu tap va tinh toan két ndi cac tram
CORS v6i hé toa do quéc té ITRF va mang ludi
diém co s0, danh gia két qua va céc gia tri sai sb
tinh toan, luu trtr thanh tap CSDL va xay dung
mod hinh dy béo phén tich bién dong cia timg
thanh phén trong bo tham s6 s& gay anh hudng
t6i Hé toa do qudc gia VN-2000. Nhimg ludn
diém khoa hoc d6 s& gép phan xay dung Hé quy
chiéu va Hé toa do khong gian Québc gia VN-
2000 méi dong thoi 14 co s¢ dé tién hanh phat

trién hé quy chiéu hé toa do doc lap tor HE toa do
VN-2000 phuc vu nhu cAu muyc dich str dung cua
nganh dia hinh Quan Sy Viét Nam.O
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Summary

Theoretical basis for upgrading the national coordinate reference system VN-2000 to
adapt to the International Terrestrial Reference Frame (ITRF)

Leu Huy Nam, Mapping Department, General Staff
Hoang Ngoc Ha, Hanoi University of Mining and Geology
Nguyen Cong Son, Vietnam Institute of Surveying and Mapping

Building a coordinate reference system suitable to the natural characteristics of each
country is very important in the task of economic and social development and national security
and defense. In July 2000, the VN-2000 National Coordinate Reference System was officially
applied and replaced the HN-72 Coordinate Reference System. Regarding technical solutions,
the VN-2000 coordinate system uses the W(GS-84 reference system based on the principle of
locating the WGS-84 ellipsoid closest to the local geoid surface in Vietnam. During over 20
years of development, the WGS-84 reference system has been updated through many versions,
but the VN-2000 coordinate system is still in "static". Simultaneously, building new or updated
VN-2000 coordinate reference systems according to versions of the WGS-84 reference system
faces many difficulties because the WGS84 parameters and data weren't widely and fully
published. Therefore, this article will propose a solution to upgrade the VN-2000 reference
system from CORS stations connected to the global network IGS (International GNSS Service)
and compare it with an update by the WGS-84 reference system.Q

Keywords: VN-2000, ITRF, CORS, IGS, transform coordinates.
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