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NGHIEN CUU KHA NANG NANG CAO PQ CHINH XAC PQ CAO

TRAC PIA QUOC GIA NHO VIEC GIAI QUYET BAI TOAN BINH

SAI PHEP NOI MANG LUOI GNSS VA HE QUY CHIEU TOA PQ
KHONG GIAN QUOC GIA VN2000-3D

LUONG THANH THACH
Trirong Pai hoc Tai nguyén va Méi truong Ha NJi

Tém tat:

Trong qué trinh xay dung Hé quy chiéu toa do khéng gian quéc gia, mang luéi GNSS
phud trum (tam goi Ia mang luéi GNSS hang A) ¢é vi tri rat quan trong. Céc tri do clia mang
Iwéi GNSS hang A déng vai tro nhuw céc tri do dw, nén sau khi binh sai ghép néi dura vao
céc diém trung, dé chinh xac do cao tréc dia cla cac diém mét dat sé duoc néng 1én - day
la mét trong nhiing yéu céu rat quan trong dat tién dé cho viéc xay dung Hé quy chiéu toa
dé khéng gian quéc gia.

Bai béo khoa hoc nay da nghién ciru co sé ly thuyét cta bai toan binh sai ghép néi mang
luwéi GNSS vao Hé quy chiéu toa do khéng gian quéc gia va tién hanh tinh toan thuc
nghiém. Két qué thuc nghiém trong bai bao da chi ra rdng, dé chinh xac dé cao tréc dia da
duoc nédng 1én c& 4 1an sau khi thuc hién binh sai ghép noi.

1. Dat van dé

Trong bai bao khoa hoc nay st dung 2 thuat ngi», d6 la “diém mat dat” va “diém trung”.
Cu thé, thuat ngl “diém mét dat” dé chi cac diém Thién van — Trac dia hang |, Il quoc gia
duwgc thanh Iap bang cac phwong phap do dac truyén théng trén mat dat; thuat ngiv “diém
tring” dé chi rang, diém trac dia vira cé toa dd trong mang lwdi GNSS hang A, vtra co toa
dé trong mang lwéi Thién van - Trac dia hang |, Il qubc gia ctia Hé quy chiéu toa dd khéng
gian quéc gia VN2000-3D.

Trong tai liéu (Ha Minh Hoa, D&dng Hung V& va nnk, 2005)da dé xuét xay dwng hé toa
dd dong quéc gia (Dynamic Reference System) & Viét Nam ma thuc chét 1a xay dung Hé
quy chiéu toa dd khong gian quéc gia, gén két chat ché véi Khung quy chiéu Trai dat quéc
té ITRF. Xay dwng Hé quy chiéu toa dd khéng gian quéc gia la ndi dung quan trong trong
Chién lwoc phat trién nganh Do dac va Ban dé dén ndm 2020 da dwoc phé duyét tai Quyét
dinh s 33/2008/QP -TTg ngay 27/02/2008 clia Thi twéng Chinh phd. Trén co s& (ng
dung cong nghé GNSS, nhw da phan tich trong cac tai liéu (Ha Minh Hoa va nnk, 2012);
Ha Minh Hoa, 2014a), mau chbt cla viéc xay dwng Hé quy chiéu toa dd khoéng gian quéc
gia la xay dwng mé hinh quasigeoid quéc gia v&i d6 chinh xac khéng thap hon hon + 4.0
cm dé dadm bao sai sé twong dbi clia cac toa dd khong gian & mirc 10° theo quy dinh quéc
té (Augath W., Ihde J, 2002). Ciing can nhan manh thém rang, Hé quy chiéu toa do khong
gian quéc gia Viét Nam phai dwoc xay dwng dwa vao ellipsoid WGS-84 quy chiéu qubc gia
da dwoc dinh vi sat nhat véi mat quasigeoid qudc gia Hon DAu. Khi (rng dung cdng nghé
GNSS c6 thé xac dinh dd cao tréc dia twong &ng véi ellipsoid WGS-84 quéc té voi do
chinh xac rat cao. Tuy nhién, xac dinh d6 cao trac dia dd chinh xac cao twong (rng voi
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ellipsoid WGS-84 quy chiéu quéc gia lai 1a van dé nan giai, ma méau chét 1a glal quyét bai
toan di thwong dé cao cuc bd (hay dd chinh xac ctia mé hinh quasigeoid quéc gia). Diéu
nay dam bao dé cao trac dia quoc gia d6é chinh xac H cao dwoc xac d!_nh tu cac toa do
khong gian quéc gia X, Y, Z cta diém tréc dia thoa man diéu kién & ="+ & day 47 Ia
dd cao chuén trong hé do cao quéc gia HP72, con & 1a dé cao quasigeoid qudc gia duoc
xac dinh t md hinh quasigeoid quéc gia d6 chinh xac cao (dd cao ctia mat quasigeoid cuc
bd Hon DAu so va&i ellipsoid WGS-84 quy chiéu quéc gia).

Trong thuc tién xay dwng cac hé quy chiéu toa d6 khéng gian & cac nwéc, hé toa do
khoéng gian dia tam OS Net (Ordnance Survey Network) cla nwéc Anh dwgc xay dwng dya
trén mod hinh geoid OSGMO02 (Ordnance Survey Geoid Model 2002) voi d6 chinh xac + 2.0
cm(J. C. lliffe, M. Ziebart, and P. A. Cross; R. Forsberg and G. Strykowski; C. C.
Tscherning); M6 hinh geoid cua Australia AUSGeoid09 voi do chinh xac + 3.0 cm dwoc
dung dé xay dung hé quy chiéu dia tam GDA94. Cac nha khoa hoc trac dia Australia dang
dwoc dinh hwong cho viéc xay dwng hé quy chiéu dia tam GDA2020 - The Geocentric
Datum of Australia (Australia is on the move GDA2020) trong twong lai dwa trén md hinh
AUSGe0id2020; Hé quy chiéu toa dd khéng gian cua Puc ETRS89/DREF91/2016 dwoc
xay dwng dwa trén mé hinh quasigeoid GCG2016 - Germany Combined QuasiGeoid of
2016 voi d6 chinh xac * 2.0 cm (Quasigeoid of the Federal Respublic of Germany).

Trong tai liéu (Ha Minh Hoéa, BDdng Hung V6 va nnk, 2005), khi quan niém mang lugi
hang AA 1a hé théng diém/tram GNSS hoat dong lién tuc phuc vu cho viéc thu nhan thuéng
xuyén cac dir liéu GNSS dé két ndi v6i IGS, thi mang lwéi GNSS hang A (mang lwéi pha
trum) ¢ vai tro rat quan trong trong viéc giai quyét bai toan binh sai ghép ndi. Mang lui
GNSS hang A dwoc xt ly riéng ré trong ITRF, sau dé dwoc binh sai ghép ndi vao Hé quy
chiéu toa d6 khoéng gian qudc gia VN2000-3D sé gidi quyét dwoc hai nhiém vu khoa hoc
sau:

- Nang cao d6 chinh xac d6 cao tréc dia cla cac diém mat dat trong VN2000-3D cé toa
do trung véi cac diém thudc mang lwdi GNSS hang A. DBay la nhiém vu quan trong nhat,
cling la ndi dung chinh cla bai bao nay.

- Pua toa d6 cac diém clia mang lwéi GNSS chwa c6 toa dd trong Hé quy chiéu toa do
khéng gian qudc gia VN2000-3D (vi du dang trong ITRF) vé Hé quy chiéu toa dd nay, voi
doé chinh xac “ddng cip hang” véi mang lwdi GNSS hang A. Nhiém vu nay phuc vu cho
viéc phat trién Hé quy chiéu toa do khong gian qudc gia VN2000-3D khi c6 nhu ciu xay
dwng cac diém GNSS hang A méi. Noi dung nay da dwoc gidi quyét trong tai liéu (Luong
Thanh Thach, 2017).

2. Giai quyét van dé

Gia thiét rang mang lwéi GNSS c6 N diém, trong doé ¢ n diém trung (n < N) cé vecto
cac toa do khong gian 7, =(X;. 1), 2. X, T, z)" trong hé toa d6 VN2000 - 3D véi ma
tran twong quan &, & day k=3.n. Khéng mét tinh chat chung, ching ta gia thiét n diém
trung dwoc danh sb thir tw dau tién. Khi do sau khi binh sai riéng ré mang lwdi GNSS trong
ITRF twong (rng véi ellipsoid WGS84 quy chiéu qubc té, chung ta nhan dwoc vecto cac
toa dd khong gian dwoc binh sai cia N diém GNSS & dang sau:

e _f = R 7 r
n=(X,. 1. Z...X,, T, Lyigos Ko Yo Zy)

Z,| X

e ?I+1 H
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V&I ma tran twong quan s =& & day &s - sai s6 trung phwong don vi trong s6 nhan
duwoc sau khi binh sai riéng ré mang lwédi GNSS trong ITRF, R - ma tran chuan bac K x K,
con bac K = 3.N.

Khi da biét cac gia tri gan dung cda 07 tham s6 chuyén toa do.X,. ;. Z,. &,. &. &. Amtly
ITRF vé VN2000 — 3D, dwa trén céng thirc Bursa — Wolf & dang sau:

X X, |Am & -&p|(X

Y:

X
Y
zZ 4 Z, & —&y Am Z

+ Y, |+|-&;, Am gy ||Y |

vecto cac toa dd khong gian 7 trong ITRF dwoc chuyén thanh vecto cac toa dd khdng gian
r trong VN2000 — 3D dwei dang = =47, | 7.} , & day 7, la vecto con cla cac toa do khong
gian twong (rng v&i n diém trung, 7, Ia vecto con clia cac toa dé khong gian twong wng
v&i (N — n) diém GNSS con lai.

Vecto 7 =(z; | 7,)" dwoc nhan 1am vecto cac toa do khong gian gan ding dé giai quyet
bai toan binh sai ghép nbi mang lvéi GNSS vao Hé quy chiéu toa dod khéng gian quoc gia
VN2000 — 3D. Viéc giai quyét bai toan nay trong Hé quy chiéu toa dd khoéng gian quéc gia
VN2000 — 3D dwoc thwc hién theo mé hinh toan hoc dwoc dé xuat vao ndm 1995 trong
cong trinh (Ha Minh Hoa, 1995) (xem chi tiét trong cac tai liéu Ha Minh Hoa, 2013; Ha Minh
Hoa, 2014a) & duw¢i dang sau day:

V"m = 5Tf‘_x1 I_J?]_ = ﬂéK;ll . (1)

Vf“zé‘r 1_G.Sw+L;, P.=R.,

& day vecto sb hang ty do {71 -7
L=

0
ma trén hé sb G4 c6 dang: G, =[G,: G,: .0 G,J thém vao d6 G; (i = 1,2,...,N) la ma trén
don vi #° bac 3x3; dw=(&,. &Y, &Z,) 1a vecto sb hiéu chinh vao cac tham sé chuyén
toa do Xy, Yy, Zy do sy ghép ndi thém cac diém moi.

Trong thwe té binh sai ghép néi mang lwdi GNSS vao Hé quy chiéu toa dd khéng gian
quéc gia VN2000-3D, cac toa d9 trac dia B, L cla cac diém tring trong Hé quy chiéu toa
daé khong gian quédc gia thay dbi rat nho trong khi dé d6 cao trac dia H thay dbi dang ké
do sai s6 trong dod cao quasigeoid quéc gia va diéu nay chi yéu dan dén sw thay dbi cla
cac tham sb chuyén toa d6 X, Y, Zp.

Khi binh sai riéng ré mang Iwéi GNSS theo thuat toan T — thuan, chdng ta nhan dwoc
ma tran tam giac trén T lién hé véi ma tran chudn R, trong (1) béi biéu thire Ry = T . T

Khi d6 phwong trinh thi hai trong hé (1) dwoc chuyén vé dang phwong trinh s6 hiéu chinh
cula cac tri do cung do chinh xac & dang sau:

v =T 60" -G, 50+ L;, P,=E )
v&i ma tran trong sb 1a ma tran don vi bac K x K, & day & =7..&; , vecto s6 hang tw

do & =%:Ls. Dang don gidn cta phwong trinh (2) phan anh wu diém noi bat cua thuat
toan T - thuan khi gidi quyét bai toan binh sai riéng ré va ghép ndi tiép theo mang lwdi
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GNSS vao Hé quy chiéu toa d6 khdng gian quéc gia.

Phwong trinh s6 hiéu chinh th&r nhat trong hé (1) déng vai tré nhw phwong trinh s6 hiéu
chlnh cla cac so liéu goc (bai toan binh sai voi sai s0 s0 ligu goc). Khi ma tran trong s6
%, dwoc khai trién vé dang P T T, - & day “ la ma tran tam giac trén bac k x k, dé glal
he phwong trinh s6 hiéu chlnh (2) theo thuat toan T - thuan, chang ta |ap ma tran ban dau

T 0 0

Ty=| 0 10°Eg sz 0 (3)

0 0 10 E,
(K+3p(E+3)

& day £z sz 5 - ma tran don vi bac (K—k).

Trong thyc té déi véi méi diém trung véi céc toa d6 khéng gian (X, Y, Z) da biét trong
VN2000 — 3D, chung ta chi biét dwgc ma trén twong quan K55, bac 3 x 3. Viéc chuyén
ma tran twong quan K“ 7 thanh ma trén tam giac trén 7> y » dwec thwc hién theo thuat

toan da dwoc trinh bay trong tai liéu (Ha Minh Hoa, 2014a).

Trién khai hé phwong trinh (2) theo thuat toan T - thuan, ching ta sé nhan dwoc ma tran
tam gidc trén Ti.zyke3). Vvecto sb hang ty do duwgc bién d6i Y. va
Q.5 =[PVV]r.5-Vecto sb hiéu chinh 07 vao vecto cac toa dd khong gian gan dung,

¢ dwoc xac dinh tir viéc gidi hé phwong trinh Tig.syx-s)- or = Yix.5). vecto cac toa do
khong gian cudi cung nhan duwoc theo cong thire 7 =7 + 57, sai so trung phuong don vi
trong s6 4 sau binh sai ghép ndi dwoc danh gia theo cong thirc:

e 3)

]

Mang lwéi thye nghiém la Mang lwdi co s& cla cac diém dia dong lwc Mién Bac” bao
gdbm 11 diém, trong do6 c6 05 diém mét dat co cac toa do trac dia trong Hé quy chiéu toa
dé khéng gian VN2000 — 3D twong &ng voi ellipsoid WGS84 quy chiéu quéc gia dwoc
théng ké (xem bang 1).

3. Thwec nghiém

Theo tai liéu (Ha Minh Hoa, 2017), cac gia tri gan dung clia 07 tham s6 chuyén toa do
Xo. Yy Zy, €y &p. &5, Am t ITRF vé VN2000 — 3D nhw sau:

Xo = 204.511083m, Y, = 42.192468m, Z, = 111.417880m,

£y =-0".011168229, &y =07.085600577, ¢z =-0".400462723, &= = (0.000000000

Theo tai liéu (Lwong Thanh Thach, 2017), két qua binh sai riéng ré mang luéi trén trong
ITRF twong (rng véi ellipsoid WGS84 quy chiéu quéc té dwoc théng ké (xem béng 2).

Tl toa do trac dia (B, L, H) clia 05 diém mat dat trong bang 1, chuyén vé dang (X, Y, Z)
va duwoc thong ké (xem bang 3) (ky hiéu la vecto 7 ).

Dwa vao 07 tham sb chuyén dbi toa d6 néu trén, tién hanh chuyén vecto toa do # trong
bang 2 tr ITRF vé VN2000 - 3D theo mé hinh Bursa — Wolf. Két qué nhan dwoc vecto toa
dé v va dwoc thong ké (xem bang 4).

Vi khQng con lvu gitr dwoc céac théng tin vé do chiph xac khi binh sai mang lw&i Thién
van — Tréc dia qudc gia hang |, Il cta 05 diém mét dat & giai doan trwéc, nén trong thuc
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elipsoid WG84 quy chiéu quéc gia

Bang 1: Toa do tréc dia cua céc diém mat dét trong VN2000 - 3D tuong (g véi

Tén diém

Toa do trac dia trong VN2000 - 3D

Do cao trac dia H

Do cao chuin

quéc gia

B L trong hé khpng phu . (m)

thuodc triéu (m) H’
1 C052 21 38 11.879 104 47 7.206 88.557 87.071
2 C022 211 47.286 104 18 35.056 439.674 437.703
3 C045 21 710.794 104 58 47.932 180.337 179.020
4 C033 21 33 00.424 104 02 01.514 286.608 282.905
5 Co04 21 55 36.200 103 14 10.998 371.261 366.792

Bang 2: Toa do céc diém trong ITRF tuong (ing véi ellipsoid WGS84 quy chiéu quéc té
(ky hiéu la vecto % )

TT Tén diém Toa do X ToaddY Toa do Z
1 C052 -1513906.489 5735082.184 2336981.806
2 C004 -1355658.552 5762556.110 2366915.270
3 C033 -1439447.099 5758043.293 2328147.346
4 C049 -1473579.882 5720435.954 2397574.334
5 C065 -1577073.412 5710600.599 2354964.651
6 C070 -1710327.527 5667123.305 2367282.063
7 C045 -1538796.596 5750145.806 2283713.025
8 C022 -1472371.505 5771451.649 2274521.770
9 Cc014 -1564207.138 5782678.917 2183019.947
10 C056 -1592975.373 5745087.917 2258944 .874
1 C075 -1723545.896 5702787.025 2270104.021
Bang 3: Toa doé khéng gian (X, Y, Z) cia 05 diém mat dat trong VN2000 - 3D
Tén didm Cac toa do trac dia trong VN2000 - 3D
X (m) Y (m) Z (m)

1 C052 -1513714.136 5735121.344 2337092.916
2 C022 -1472179.244 5771490.833 2274632.893
3 C045 -1538604.244 5750184.813 2283824.080
4 C033 -1439254.798 5758082.515 2328258.441
5 C004 -1355466.287 5762595.502 2367026.391

Bang 4: Toa dé céac diém cia mang luéi duoc chuyén tir ITRF vé VN2000 - 3D (vecto £ )

T Tén diém Toa dd X Toa do Y Toa db Z Ghi cha

1 C052 -1513714.080 5735121.312 2337092.905

2 C022 -1472179.140 5771490.861 2274632.888

3 C045 -1538604.194 5750184.888 2283824 115 vecto
4 C033 -1439254.730 5758082.565 2328258.478

5 C004 -1355466.208 5762595.543 2367026.437

6 C049 -1473387.470 5720475.157 2397685.449

7 C065 -1576880.962 5710639.604 2355075.723

8 C056 -1592782.951 5745126.896 2259055.940 vecto £
9 Co14 -1564014.757 5782717.956 2183131.028 3
10 C075 -1723353.397 5702825.750 2270215.032

11 C070 -1710134.998 5667162.050 2367393.077
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nghiém nay chdng ta tién hanh xac lap mé hinh sai sé tién nghiém cho chuing nhw sau: Gia
st d6 chinh xac cla cac thanh phan toa dd trac dia B, L twong &ng la mg” = 0.0020, m,”
= 0.0015 - 1a d6 chinh xac trong khodng cho phép theo chi tiéu kj thuat vé dé chinh xac
clia mang lwéi Thién van - Tréc dia quéc gia hang |, Il (Téng cuc Pia chinh, 1999). Theo
tai liéu (Ha Minh Hoa, 2017), dd chinh xac ctia mé hinh VIGAC2017 la #, =*&Z cm va
dd chinh xac do cao chuén hang Il 1a #ys =75 €8 (Ha Minh Hoa, 2014b), ching ta c6 dd
chinh xac cta do cao trac dia: m, ==+ m; +m;__, =+9.7 ¢m. LUC nay, ma tran twong quan
E g5 cOa cac diém trung nhu sau:

9.402E -17 0 0
Ky = 0 5288E-17 0
0 0 0.0095

két hop véi sai sé trung phwong cta két qua binh sai riéng ré trong ITRF £ = 0.005m
(Lwong Thanh Thach, 2017), dwa vag_ thuat toan dwoc trinh bay trong (Ha Minh Hoa,
2014a) sé xac dinh dwoc 05 gia tri ¥, twong &ng véi 05 didm mat dat trong VN2000 -
3D thuéc ma tran ban dauTO dang (3) & trén.

Trién khai hé phwong trinh (2) theo thuat toan T - thuan, nhan dwoc ma tran tam giac
trén T va vecto Y. Lic nay, vecto s hiéu chinh clia vecto toa dd khdng gian gan ding
#* dwoc xac dinh tir hé phuong trinh Tigasyees): or = Yigws): con vecto toa do khong gian
cubi cling nhan dwoc theo cong thire # =+ + &z, dwoc théng ké (xem béng 5).

* Nhan xét:

Sau khi binh sai ghép ndi nhan dwgc ma tran tam giac trén T, két hop véi sai sb trung
phwong trong sb don vi nhan dwoc & két qué binh sai riéng ré, sé nhan dwoc ma tran
twong quan £ . trung binh cta 05 diém mat dat nhuw sau:

1.26863E -17  7.88143E -18 -8.03745E -11
K., =| 7.88143E -18  5.60232E -18 -5.29587E -11
~8.03745E -11 -5.29587E -11  0.000566043

So sanh &, sau khi binh sai ghép ndi véi &, tién nghiém ban dau néu trén ta thiy
rang, dd chinh xac cla do cao trac dia H dwoc nang 1én ¢c& 4 1an so véi trwde khi binh sai
ghép néi.

4. Két luan

Tl co s& ly thuyét va cac két qua thurc nghiém binh sai ghép ndi mang lwdi GNSS vao Hé
quy chiéu toa dd khodng gian quéc gia VN2000-3D, ching ta cé thé dwa ra cac két luan sau:

- Bai toan binh sai ghép ndi mang lwdi GNSS hang A vao Hé quy chiéu toa d6 khong
gian qudc gia VN2000-3D cho phép nang cao dod chinh xac toa d6 cac diém mat dat, dac
biét la dd cao tréc dia. Pay la mét trong nhiéu van dé khoa hoc quan trong gép phan vao
viéc xay dwng Hé quy chiéu toa do khong gian quéc gia;

- Hién nay, dd chinh xac vé vi tri m&t bang co6 thé dwoc xac dinh véi dd chinh xac rat
cao bang cong nghé GNSS, nhung dé co dugc d6 cao trac dia do chinh xac cao doi héi
phai co mo hinh qua3|ge0|d quéc gia dd chinh xac rat cao. Mét trong nhiéu van dé khoa
hoc can giai quyét 1a str dung céc tri do trong mang lwdi GNSS hang A nhu la tri do dw de
nang cao dd chinh xac doé cao trac dia ctia cac diém mét dat trén co sé binh sai ghép nbi
ndi mang lwéi GNSS hang A vao Hé quy chiéu toa dd khéng gian quéc gia.Q
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Béang 5: Két qué binh sai ghép nbi

Tén Toa dé gan ding = =(7, |%,)" S hiéu chinh #¢

diém Toa dé X© Toa d6 Y© Toa do Z© a2 & i
1 C052 | -1513714.1363 | 5735121.3441 2337092.9163 -0.0133 0.0277 -0.0431
2 C022 | -1472179.2440 | 5771490.8326 | 2274632.8926 0.0368 0.0835 -0.0427
3 C045 | -1538604.2440 | 5750184.8130 | 2283824.0800 -0.0093 0.0970 -0.0345
4 C033 | -1439254.7980 | 5758082.5153 | 2328258.4414 0.0143 0.0520 -0.0498
5 C004 | -1355466.2870 | 5762595.5020 | 2367026.3910 0.0197 0.0647 -0.0208
6 C049 | -1473387.4695 | 5720475.1566 | 2397685.4491 -0.0620 0.0280 -0.0629
7 C065 | -1576880.9624 | 5710639.6036 | 2355075.7229 -0.0625 0.0383 -0.0529
8 C056 | -1592782.9507 | 5745126.8957 | 2259055.9404 -0.0618 0.0388 -0.0526
9 C014 | -1564014.7572 | 5782717.9559 | 2183131.0281 -0.0611 0.0353 -0.0552
10 C075 | -1723353.3969 | 5702825.7498 | 2270215.0317 -0.0616 0.0300 -0.0609
11 CO070 | -1710134.9984 | 5667162.0502 | 2367393.0769 -0.0633 0.0354 -0.0567

Tén Toa d6 sau binh sai =™ | & S

didm Do chinh xac

X Y z

1 C052 -1513714.1496 5735121.3718 2337092.8732 0.036
2 C022 -1472179.2072 5771490.9161 2274632.8499 0.036
3 C045 -1538604.2533 5750184.9100 2283824.0455 0.036
4 C033 -1439254.7837 5758082.5673 2328258.3916 0.036
5 C004 -1355466.2673 5762595.5667 2367026.3702 0.036
6 C049 -1473387.5315 5720475.1846 2397685.3862 0.037
7 C065 -1576881.0249 5710639.6419 2355075.6700 0.037
8 C056 -1592783.0125 5745126.9345 2259055.8878 0.036
9 C014 -1564014.8183 5782717.9912 2183130.9729 0.039
10 C075 -1723353.4585 5702825.7798 2270214.9708 0.037
11 C070 -1710135.0617 5667162.0856 2367393.0202 0.038
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Summary

A research on the Capabilities of the accuracy improvement of national geodetic
heights by solving the problem of pairing adjustment of the GNSS network into the
National Space Coordinates System VN2000-3D

Luong Thanh Thach
Ha Noi University of Natural Resources and Environment

During the process of the National Spatial Coordinate System construction, the
overarching GNSS network (temporarily called the GNSS network tier A) is very important.
The measured values of the GNSS network tier A play a role as the measured residual
value, therefore, after pairing adjustment based on the coincided points, the accuracy of the
geodetic heights of the ground points were improved - this is one of the very important
requirements to set the premise for the construction of the National Spatial Coordinate
System.

This paper presents the theoretical basis of pairing adjustment of the GNSS network into
the National Space Coordinates System, and empirical calculations. The results of
empirical calculations showed that, the accuracy of the geodetic heights were improved up
to 4 times, after performing the pairing adjustment.O
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