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TINH CHUYEN TQA PQ S
GIUA CAC KHUNG QUY CHIEU TRAI PAT QUOC TE
BUI THI HONG THAM, Truong Pai hoc Tai nguyén va Méi truong Ha Nji
Tém tit: Khung quy chiéu Trai ddt quoc té ITRF (International Terrestrial Reference
Frame) duoc dinh nghia nhw la sw mot sy hién thuc héa cia hé tho”'ng quy chiéu Trdi dat
quoc té ITRS (International Terrestrial Reference System) duwoc xdac dinh vé goc, cdc truc
dinh hwong, ty I¢é va su phat trién ciia né theo thoi gian [2] Yéu t6 thoi gian la mot dac
diém rdt co ban trong khung quy chiéu Trdi ddt quoc té. Bai bdo trinh bay vé co sé ly
thuyét, cdc cong thike co ban va phwong phdp tinh chuyén toa d¢ gitka cac khung quy chiéu
Trdi dat quéc té. Toa d¢ mot so diém GNSS tir cac |TRF tai thoi diém khéac nhau da dwoc
chuyén doi thanh cong sang ITRFOS tai mét thoi diém.

1. Mé& dau

Theo thoi gian voi viée phat trién cua cong
nghé, toa d6 dong dan duogc thiét 1ap va duoc
tmg dung thuc tién trén thé gi6i ciing nhu &
nudc ta. Mot khac biét co ban so vdi hé toa do
tinh 1a yéu td thoi gian, toa d ctua hé thay ddi
theo thoi gian va vi vay viéc xac dinh toa do la
bai toan co ban trong toa do dong.

Pé tinh toa do cua cac diém GNSS (Global
Navigation Satellite Systems), tir s6 liéu do
GNSS két hop véi viée st dung toa do cua céc
diém IGS (International GNSS Service) dong
vai tro nhu cac diém khéng ché dé xac dinh toa
do cua céc diém do. Toa do cla cac diém GNSS
lién quan chét ché voi khung quy chiéu Trai dat
qudc te do bai lich v¢ tinh chinh xac, toa do,
van toc cua cac diém IGS, cac s6 liéu hd trg déu
duoc biéu dién trong h¢ toa do nay.

C6 cac phuong phap khac nhau dé xac dinh
duoc toa do cua cac diém GNSS (ctia cac dot do
thugc cac cong trinh, du 4n khiac nhau) trong
mot ITRF théng nhéat tai mot thoi diém xac
dinh: phuong phap thir nhat 13 tap hop va xir 1y
lai toan bo s6 liéu do; phuong phap thtr hai 1a
ding cic phép bién ddi toa do. Vi phuong
phap th nhit, viéc xtr 1y lai toan bo sb liéu khoi
luong cong viéc 16n va rat phirc tap; phuwong
phap thir hai khéi luong tinh toan giam mot
cach co ban din dén kha niang cap nhat cic két
qua mdi cling thuan lgi hon. Vi vay, trong bai
bao nay phép bién dbi toa do da duoc lya chon
dé chuyén ddi toa do cua mot s6 diém GNSS tai
cac ITRF trong cac thoi diém khac nhau vé
ITRFO8 tai thoi diém quan tam.

2. Co s& 1y thuyét
2.1. Céong thirc chuyén déi toa dj giira cdc
khung quy chiéu

Theo dinh nghia cta IERS (International
Earth Rotation and Reference Systems Service),
viéc chuyén doi giita cac khung quy chiéu dugc
xac dinh bdi cong thice: [1]

X =T+@+D)R"X | 1)

trong do:

X(2) - véc to toa do cua diém trong khung
quy chiéu (2);

X - véc to toa do tuong ung cia diém do
trong khung quy chiéu 2);

T - véc to dich chuyen gbc toa do;

D - sy khac nhau vé ty I¢.

R - ma tran xoay truc toa do gitra 2 khung
quy chiéu dugc tinh theo cong thirc:

R" =R1" (R)R2" (R2)R3'(R3) =

1 _R3 R2
|R3 1 -RI ’ (2)
R2 R 1

trong do: R1, R2, R3 - cac goc xoay Ole nho.
Vi D ciing rat nho nén cé thé viét:

X X T1 X
Y =Y +|T2|+D|Y +
Z o T3 Z o
N )
—-R3 R2 || X
-R3|| Y
0 Z o
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Hinh 1. Chuyén déi gitta 2 khung quy chiéu

Cac tham sé T1, T2, T3, R1, R2, R3 va D
bién dbi theo thoi gian theo md hinh tuyén tinh
sau:

Bi() =Bi(te) +Bi(t—to)
trong do:

Bi dé cap t6i tat ca cac tham sb véii =1
dén 7;

Bi - dao ham bac nhét cta Bi theo thoi
gian;

Bi(t) - cac gia tri tai thoi diém t;

Bi(to) - cac gia tri tai thoi diém to.

Tir d6 cong thirc chuyén doi toa do diém ¢
khung quy chiéu (1) tai thoi diém to sang khung
trong do:

(4)

0
R3(t,) +R3.(t-t,)
—(R2(t)) +R2.(t—ty))

R=

Cong thirc tinh chuyén toa d0 trong mot
khung quy chiéu tir thoi diém to sang thoi diém t:

XM [X(ty) Vy (to)
Y(t) |=| Y(to) [+ (t—1)] Vy (to) [,(8)
Z(t) Z(ty) Vz(to)

trong d6: Vx, Vv, Vz - van toc cuia khung quy
chiéu tai thoi diém to.

Cong thtc tinh ddi toa do gitta B, L, H va X,
Y, Z dugc trinh bay trong [1]; cong thuc tinh
chuyén van tc chuyén dich tir Vx, Vv, Vz sang
VN, VE, VH va nguoc lai dugc trinh bay trong [5].
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—(R3(ty) + R3.(t—ty))
0
R1(t,) +RL(t—t,)

& quy chiéu (2) tai thoi diém t duoc viét nhu sau:
(cong thure 5)

X(1) X(t) TI(t)

Y() | =|Y(®)| +|T2(t) |+D(t)x

Z(t) ), 2], [T3®

X(t) ] 0 -R3(t) R2(t)

x| Y(t)| +| R3(t) 0 -RIUb)|x , (5)
[Z(t) ], [-R2() Ry 0

X1

x| Y(t)

| Z(t) | o

Két’h(')’p voi cong thuc (4), cong thirc (5)
duogc viet dudi dang nhu sau:

X(t) X(t) Ti(t,) + TL(t-t,)
YO | =|Y(O)| +|T2(t,) +T2(t-t,) |+
Z2(t) |, [ZM0)], |T3t)*T3(t-t)
X(t) X(t)
+D(t,) +D.(t-t)| Y(t) | +R Y(t)}
() §,  [Z(1) ],

[Ca

R2(t,) +R2.(t-t,)
— (RI(ty) + RL.(t - ty))
0

, (7)

2.2. C&c tham sé tinh chuyen giita cdac khung
quy chiéu Trdi dit quoc 1é

Viéc tinh chuyén cac tham sé (toa do va
van téc) gitta cac ITRF dugc t6 chtrc ITRF dam
bao bang viéc thu thap s6 liéu, xtr 1y, xac dinh
va cong bd cac tham s tinh chuyen Vi vai tro
nguoi sur dung, de co the tinh chuyén céc toa do
vé mot ITRF can nim viing va ap dung céc
cong thtrc tinh chuyén, bén canh dé con phai
khai thac va tmg dung chinh xac cic tham sb
tinh chuyén dugc ITRF cong bd. Mot sb cac
tham so chuyen 601 gilta cac khung quy chiéu
Trai dit qubc té tai mot thoi diém xac dinh
duoc thong ké ¢ trong bang 1.



Bang 1. Cdc tham sé chuyén doi gitta cic ITRF [3]

TL | T2 | T3 D R1 R2 R3
T1 T2 | T3 D R1 R2 R3 Thoi

'TRFw | ITRFe) T m T mm | 10° | 0.0001" | 0.0001" | 0.0001" | diém
mm/n | mm/n | mm/ | 10%n | 0.0001"/n | 0.0001"/n | 0.0001"/n

o . 2 7 | 7 | 12 39 8 96 | 1988
29 | 04 | 08 0 11 1.9 05

% o 6 5 | 15 | —0.04 0.39 0.80 096 | 1988
29 | —04 | -08| 00 0.11 0.19 ~0.05

o % 00 | 00 | 00| 00 0.0 0.0 0.0 1997
00 | 00 | 00| 00 0.0 0.0 0.0

% o7 00 | 00 | 00| 00 0.0 0.0 0.0 1997
00 | 00 | 00| 00 0.0 0.0 0.0

o7 0w | 67 | 61 [185 0155 0.0 0.0 0.0 1997
00 | 06 | 1.4 | -0.001 0.0 0.0 -0.02

00 . 01 | 08 | 58 | -0.040 0.0 0.0 0.0 2000
02 | 01 | 1.8 | -0.008 0.0 0.0 0.0

- 08 05 | 09 | 47 | -0.094 0.0 0.0 0.0 2005
03 | 00 | 00| 00 0.0 0.0 0.0

3. S0 liéu va két qua xir ly
3.1. 86 liéu diu vao

- Cac diém trén lanh thd Viét Nam trong
dé an GEODYSSEA: gém 2 diém GPS ky hiéu
la CAMP va NONN [4]. C6 thé noi, ddy 1a hai

Bang 2. Toa dj va van téc chuyén dich tuyét doi trong ITRF94

diém c6 toa do cling nhu van tdc trong ITRF
sém nhat nude ta, toa do cua cac diém duoc
tinh toan tai thoi diém ngay 18 thang 4 nam
1996 va van tdc chuyén dich tuyét ddi cta cac
diém duoc tinh toan trong ITRF94.

N VN VEe VH
TT |Tén diém X (m) Y (m) Z (m) (mm/n) | (mm/n) | (mm/n)
1 | CAMP | _1772773.7 5687232.7 2271331.7 | -7.222 | 47.131 | 27.081
2 | NONN | .1921866.2 5823665.7 1747139.6 | -3.163 | 43.978 | 23.779

- S6 liéu cia mang lugi Chau A-Thai
Binh Duong goém céc tram DGPS duoc do dac
lién tuc trong 7 ngay. SO li€u nay dugc xu ly

bang phan mém Bernese 5.0 dugc tinh toan
trong ITRF2005 tai thoi diém 14 thang 9 nam
2011.

Bang 3. Toa do va van téc chuyén dich tuyét doi trong ITRFO5

i ;;221 X (m) Y (M) Z(m) (m\r<1></n) (mYn?n) (m\rgzln)
1 | DIEB | -1336842.3589 | 5787988.4777 | 2315702.2337 | -27.9 | 0.9 7.5
2 | DOSN | -1724757.3113 | 5714523.9123 | 2239792.0381 | -31.5 | 9.7 -1.6
3 | NTO1 | -1726969.5598 | 5714864.9610 | 2237081.3952 | -37.7 | 0.3 -8.3
4 | NTO3 | -1844373.5828 | 5997105.5914 | 1142317.0471 | -316 | 11.7 | -81
5 | NTO4 | -1575936.5376 | 6075089.2311 | 1132070.0808 | -11.9 | -16.1 | -12.2
6 | QTO1 | -1339440.8661 | 5788398.0363 | 2313170.2666 | -25.8 | -21.2 | -16.9
7 | QT03 | -1916791.4202 | 5822974.9472 | 1754668.6945 | -25.8 | -6.9 | -15.1
8 | VUNT | -1849617.0087 | 5995299.9216 | 1143372.7255 | -22.4 | -3.9 | -10.7







3.2. Cac buwoc tinh

T sb licu thu thép dugc cung cac cong
thire, cac tham sd tinh chuyen gilta hai khung
quy chiéu, viéc tinh chuyén toa do cia cac diém
& cac ITRF khac nhau tai cac thoi diém khac
nhau vé ITRFO8 tai thoi diém ngay 18 thang 7
nam 2012 duoc tién hanh theo quy trinh sau:

- Sir dung cong thirc (4) dé xac dinh cac
tham sd tinh chuyén tir ITRF() sang ITRF) tai
thoi diém t.

- Ap dung céc cong thuc (6) va (8) dé tinh
Chuyen toa do giita cac khung quy chiéu tai cac
thoi diém khac nhau.

Viéc tinh chuyén toa do duoc khai quat
duéi dang so dd sau:

Xw, Y, Z
thoi diém to

Xw, Yy Za)
thoi diém t

X@, Y Z2)
thoi diém t

3.3. Két qua tinh todn

Tur cac bu(')p tinh chuyén toa do duoc ’trinh bay & trén, toa d§ cua hai diém CAMP, NONN
va toa do cua 8 diém thudc mang lgéi Chau A-Thai Binh Duong dugc tinh chuyén thong nhat dén
khung quy chiéu ITRFO08 tai thoi diém 18 thang 7 ndm 2012 (bang 4).

Bang 4. Toa do cua cdc diéem GPS trong ITRF 08 tai thoi diem 18/7/2012

TT Tén diém X (m) Y (m) Z (m)

1 CAMP -1772774.5625 5687232.9039 2271331.8300
2 NONN -1921866.9957 5823665.8416 1747139.7398
3 DIEB -1336842.3829 5787988.4739 2315702.2299
4 DOSN -1724757.3380 5714523.9160 2239792.0393
5 NTO1 -1726969.5917 5714864.9568 2237081.3908
6 NTO3 -1844373.6094 5997105.5965 1142317.0439
7 NTO04 -1575936.5479 6075089.2127 1132070.0742
8 QTO01 -1339440.8883 5788398.0139 2313170.2549
9 QTO03 -1916791.4419 5822974.9368 1754668.6848
10 VUNT -1849617.0276 5995299.9136 1143372.7201

4. Két ludn tai mot thoi diém xac dinh duoc giai quyét mot

Véi viée tim hiéu Ve co sO ly thuyet
cong thuc, khai thac cac sO lidu hd tro qudc té,
toa d0 cua mot sd diém GNSS di duoc tinh
chuyén tir cac ITRF94 tai thoi diém 18/4/1996
va ITRFOS tai thoi diém 14/9/2011 vé ITRFO8
tai thoi diém duy nhat 1a 18/7/2012.

Theo cach tinh todn nay, viéc xac dinh
toa do cua cac diém trong mot ITRF théng nhét

cach tdi uu.

Két qua trén gop phﬁn vao viéc nghién
ctru hé quy chiéu dong quoc gia két ndi voi
Khung quy chiéu Tréai dat quoc té va nguoc lai.
No tao diéu kién thuan loi dé giai quyet cac bai
toan toan cau va c6 ¥ nghia thiét thuc ddi véi
viéc nghién ciou va trién khai hé toa do dong
trong tuong lai & nudc ta.
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SUMMARY
Transformation coordinates between international terrestrial fererence frames

Bui Thi Hong Tham, Hanoi University for Natural Resources and Environment

An International Terrestrial Reference Frame is defined as the realization of a TRS, through
the realization of its origin, orientation axes and scale, and their time evolution [2]. The time is a
basic feature in one. This paper presents the theory, the basic formula and method of calculating the
coordinates transfer between International Terrestrial Reference Frames. Coordinates of some
GNSS points from the previous ITRF at different times have been converted to ITRFO8 at the same

time.
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