KY THUAT VA CONG NGHE Nguyén Vin Sang va Pham Vin Tuyén
TINH CHUYEN TQA PQ TU CAC PHIEN BAN ITRF CU SANG ITRF2020

Nguyén Viin Sang!, Pham Vin Tuyén?*

1 .
Truong Pai hoc Mo - Pia chat
2Truong Pai hoc Thanh Pong
*Tac gid lién hé: pvtuyend5@gmail.com
TOM TAT

Bai bdo nghién ctru tinh chuyén toa do tir cic phién ban Khung quy chiéu trai dat qudc té
(International Terrestrial Reference Frames - ITRF) cii sang phién ban méi nhat ITRF2020. D¢ tinh
chuyén, cong thirc 14 tham sb da dwoc nghién ciru, tmg dung. Cac tham sb chuyén doi tir cac phién
ban ITRF cii sang ITRF2020 ciing di dwoc nghién ciru. Dé ty dong hoa viée tinh toan, chuong trinh
tinh chuyén toa d6 da duogc xay dung, c6 tén 1a TransITRF. Thuc nghiém duogc thyc hién vai 11 diém
GNSS trén khu viue Ha Noi va mot sb tinh 1an can. Két qua tinh toan thuc nghiém dugc so sanh véi
két qua tinh kiém tra. Chénh 1éch toa do 1a rat nho, & mirc 10-5m, cho thr?iy tinh chinh xac ctia chuong
trinh. Nghién ciru nay s& gitp cho viéc tinh chuyén toa do tir cac ITRF c6 trudc sang ITRF2020 duge
nhanh chong va thuan tién.

Tir khéa: Khung quy chiéu trdi dat quéc té; Tinh chuyén toa dé; 14 tham so.

TRANSFORMATION OF THE COORDINATES FROM THE PAST ITRF VERSIONS TO
ITRF2020

ABSTRACT

This paper studies the transformation of the coordinates from the past International Terrestrial
Reference Frames (ITRF) versions to the latest version (ITRF2020). For transformation, the 14-
parameter formula has been studied and applied. The transformation parameters from the past ITRF
versions to ITRF2020 also have been studied. To automate calculation, a program of coordinate
transformation has been developed, called Trans ITRF. The experiment was carried out with 11 GNSS
points in the Hanoi area and some neighboring provinces. The experimental results were compared
with the test results. The coordinate differences were very small, at 10-5m, showing the accuracy of
the program.

Keyword: International Terrestrial Reference Frame; Coordinate transformation; 14
parameters.
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1. PAT VAN PE va dia vét Iy bang cach cung cép dir liéu va tiéu
chuan lién quan dén sy quay ciia Trai dat va hé
quy chiéu. ITRS (International Terrestrial
Reference System) 1a hé quy chiéu trai dat
qudc té dong. Trong hé hé quy chiéu nay, vi tri
ctia cac diém trén bé mat cua Trai dat co toa do
thay d6i nho theo thoi gian, do cac hiéu ing dia
vatly (bién dang kién tao hodc triéu ...). Khung
quy chiéu trai dat qudc té (International

Trai dit lién tuc thay ddi hinh dang. Dé
quan tric chuyén dong ciia 16p vo Trai dét thi
can c6 hé quy chiéu dong. Dé thuc hién nhiém
vu nay, Dich vu hé théng tham chiéu va quay
Trai dat qudc té (International Earth Rotation
and Refrence System Service — [ERS) da dugc
thanh 1ap vao ndm 1987. Muc tiéu chinh cta
IERS 1a phuc vu cong déng thién vin, tric dia
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Terrestrial Reference Frames - ITRF) 1a mot
tap hop cac diém trén mat dat co toa do duoc
xac dinh chinh xac trong mot h¢ toa dé cu thé
dugc gin vao Hé quy chiéu ITRS. Nhu vay,
ITRF duogc coi la hién thuc hoa cua ITRS.
ITRF c6 vai tro vd cung quan trong trong
nghién ctu dia dong hoc, vi nd cung cép mot
hé théng toa do va téc do thay doi toa do cua
cac diém trén quy mo toan cau, mo ta vi tri va
chuyén dong ciia cac diém trén bé mat Trai dat
theo thoi gian. Cac ludi GNSS quan tric dia
dong qudc gia hodc khu vuc s& lién két voi cac
diém nay dé xir ly, tinh todn ra toa d6 va tdc do
dich chuyén ciia cac diém cua ludi trong ITRF
tuong (mg. Ngay nay, bbén ky thuat tric dia
chinh dugc sir dung dé tinh toan toa do chinh
xac la: GPS, VLBI, SLR va DORIS. Do do,
ITRF lién tuc dugc cép nhat. 11 phién ban
ITRF d3 dugc thiét lap tr nim 1988 la:
ITRF88, ITRF89, ITRF90, ITRFI1, ITRF92,
ITRF93, ITRF94, ITRF96, ITRF97,
ITRF2000, ITRF2005, ITRF2008, ITRF2014
va méi nhat 1a ITRF2020. Cac phién ban ITRF
khac nhau gin lién v&i cac mo hinh chuyén
dong toan cau va khu vuc khéac nhau (NNR-
NUVELIA, PB2002, GSRM, REVEL...) dé
nghién ctru dia dong hoc hién dai. Vi du:
ITRF94, ITRF96 sit dung mé hinh NNR-
NUVELIA 1a mé hinh chuyén dong mang toan
cau c6 dién khong quay dua trén dir liéu dia
chit va VLBI; Phién ban ITRF2008 st dung
mé hinh GSRM v1/v2 1a md hinh véan tc va
bién dang toan cau, duge xay dung tur sb lidu
quan tric cta hang ngan tram GNSS trén toan
cau; Phién ban ITRF2014 s dung mo hinh
GSRM v2.1/ITRF-NNR 1a mo6 hinh tich hop
phi tuyén (hdu dong dat, chu ky mua) nang cao
phan tich n6i mang. ITRF2020 1a hé quy chiéu
tréi dat tién tién, duoc thiét ké dé mé hinh héa
chinh x4c cac chuyén dong phi tuyén cua cac
tram do dac. Diém nbi bat cia ITRF2020 la
vi€c cai thién mo hinh hoa cac tin hi€u chu ky
(hang nim va nira ndm) va sy bién dang sau
dong dat (Post-Seismic Deformation - PSD) tai
cac tram chiu anh hudéng bdi dong dét 16n.
ITRF2020 dat d0 chinh xac cao v6i d dich

chuyén cua diém gdc (origin) khoang 5 mm va
tbe do thay doi thoi gian dudi 0,5 mm/nam,
cung cép cac tin hiéu chu ky cuia toa d§ tram
trong hai hé quy chiéu: Center of Mass (CM)
va Center of Figure (CF), cho phép ngudi dung
lya chon phu hop véi g dung cu thé, nhu xac
dinh quy dao vé tinh chinh x4c hay nghién ctru
bién dang bé mat trai dat. ITRF2020 1a budc
tién 16n trong linh vuc hé quy chiéu dia 1y quic
té, voi su cai thién dang ké vé d6 chinh xéc va
kha nang mé hinh hoa cac hién tugng phi tuyén
(Altamimi & cong su, 2023).

Viét Nam da c6 nhiéu cong trinh nghién
ctru xac dinh dich chuyén vo Trai dat bang
cong nghé GNSS. Tuy vao thoi diém khac
nhau, ludi GNSS dugc xt 1y trong cac phién
ban ITRF khac nhau, vi du nhu: Trong tai li¢u
(Ha Minh Hoa, 2005), cac tac gia da xay dung
ludi GPS gom 5 diém (NGA1, LEMI1, DONI,
TAU2, va HAMI) dé x4c dinh chuyén dich vo
Trai dat trén khu vuc dut giy Lai Chau - Dién
Bién. Ludi nay dugc xur ly trong ITRF2000.
Nam 2007, trong tai liéu (Nguyén Tuén Anh,
2007), da xay dung h¢ théng cac diém tric dia
st dung cong ngh¢ GPS d¢ chinh xac cao phuc
vu quan tric bién dang 16p vo Trai dat va canh
béo thién tai khu vuc Mién Bic Viét Nam. Xu
Iy s6 liéu ludi nay duoc thyc hién bang phan
mém Bernese 5.0 trong ITRF2005. Trong tai
liéu (Tran & cong su, 2013), cac tac gia da xu
1y s6 liéu ludi GPS tai dit giy song Hong quan
trac tr nam 1994 dén 2007 trong ITRF2005.
Trong tai lidu (Bui, 2013), da cong bd vén tdc
dich chuyén cua cac diém trong ludi Chau A —
Thai Binh Duong trong ITRF2008. Nam 2014,
sb liéu cua 5 tram GNSS quan tric lién tuc &
Viét Nam tir nam 2005 dén 2013 di duoc xu ly
v6i cac tram IGS qudc té trong ITRF2005 (Lé
Huy Minh & cdng sy, 2014). Trong tai li¢u
Nguyén Viét Quan, Vii Ptc Trung, va Than
Vin Nam (2021), cac tac gia da xir Iy s lidu
ludéi VNGEONET trong ITRF2014 bang phan
mém BERNESE. Hién nay, thé giéi di cong bd
ITRF2020 (Altamimi & cong su, 2023). bé co
toa dd cac diém GNSS cua cac luéi cii trong
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ITRF2020, ching ta c6 thé xu 1y lai luéi nay
trong ITRF méi nay. Tuy nhién, cong viéc nay
s& mat nhiéu cong strc va nhiéu khi khong thé
thuc hién duoc néu sb liéu cua cac ludi GNSS
cii khong con duge luu trit ddy du. Mot cach
khac hi¢u qua hon la tinh chuyén toa do cua
cac diém GNSS trong cac phién ban ITRF cii
sang ITRF2020. Pay chinh 1 van dé ma bai
bao tép trung nghién ctru.

2. KHU VUC VA SO LIEU NGHIEN CUU
2.1. Khu vue nghién ciru

Khu vuc nghién ctru 1a khu vue Ha N§i va
mot s6 tinh 14n can nhu: Bac Ninh, Hai Duong,

Ninh Binh. Khu vyc nay nam trén dong bang
chau thd Song Hong (Hinh 1). Khu vic nghién
ctru duoc giGi han boi do vi tir 20° dén 21° Bic,
d6 kinh tir 105° d&én 107° Pong. Khu vuc nay
nam trén hai khoi kién tao lién ké, khoi Nam
Trung Hoa (South China Block) va khdi
Sundaland (Sundaland Block). Ranh gidi ctia 2
khéi nay 1a dut gy Song Hong. Day ciing 1a
ranh gidi ctia 2 khéi ciu tric trén lanh thd Viét
Nam la Khéi Pong Bic va khéi Tay Bic-Bic
Trung Bo (Tran & cdng su, 2013). Ngoai ra,
trén khu vuc con c6 cac dat gy khac nhu Song
Chay, Song Lo, Trung Luong — Hi¢p Hoa...
(Nguyén Tuin Anh, 2007).
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Hinh 1. Khu vue nghién ciru va vi tri cic diém quan tric GNSS

Nguon: Dé xudt cua nhom tac gia

2.2. S6 li¢u nghién ciru

Trong nghién clru nay, toa do cua ludi
GPS @6 chinh xac cao trong dy an khoa hoc thur
nghiém da dugc st dung. Dy an da xay dung
hé théng cac diém tric dia sir dung cong nghé
GPS d¢ chinh xac cao phuc vu quan tric bién
dang 16p vo Trai dat va canh bao thién tai khu
vuc Ha Noi va cac tinh 14n can. Cac mdc nay

dugc phan bd thanh 2 vong xung quanh thanh
phé Ha Noi, duoc xay dung kién cd. Viéc do
dac trong ludi duoc thuc hién bang may thu
GPS 2 tan s do chinh xac cao. Xir Iy s6 liéu
duogc thuc hién béng phén mém Bernese 5.0
trong ITRF2005 (Nguyén Tuin Anh, 2007). Vi
tri cia cac diém GNSS duoc trinh bay trén
Hinh 1. Cac s6 liéu nay duoc trinh bay trén
Béang 1.

Bang 1. Toa d9 cac diém GNSS trong ITRF2005

STT Piém X (m) Y (m) Z (m)
1 HN0O -1619863.6553 5730708.1532 2276074.5329
2 HNO1 -1610501.5738 5732105.6981 2279175.9557
3 HNO02 -1623832.3997 5725174.9854 2287081.2549
4 HNO03 -1638831.8102 5726295.5341 2273618.1172
5 HNO04 -1625804.1313 5733525.6724 2264790.7376
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STT Piém X (m) Y (m) Z (m)
6 HNO5 -1593775.2906 5740119.2613 2271062.1310
7 HN06 -1620831.5666 5719421.4017 2303446.2874
8 HNO7 -1652902.0329 5721226.2912 2276168.8205
9 HINOS -1618542.6523 5741086.0081 2250885.0403
10 | HN09 -1687879.9327 5704397.8844 2292668.1826
11 | HNIO -1642606.1719 5754865.2516 2197993.6903

Nguon: Tong hop tir tai liéu (Nguyén Tudan Anh, 2007)

3. CO SO LY THUYET VA PHUONG
PHAP NGHIEN CUU

cong thic 14 tham sd. Trong d6, 7 tham sb
chuyén d6i va 7 téc do thay doi cua cac tham
sO twong tng. Theo (Pang Nam Chinh, 2013),
dé chuyén toa do vudng goc khong gian tir
ITRF thtr nhit sang ITRF thtr hai, ching ta sir
dung cong thurc sau

3.1. Phwrong phap tinh chuyén toa d¢ giira
cac phién ban ITRF

ITRF la khung quy chiéu dong, do do, dé
tinh chuyén giita cac phién ban ITRF can ding

X: dX + dx(t — to) Xty
[Ye] =1[dY +dy(t —to)] + [1 4+ dm + dm(t — to)]R [Yo] €))
Zt 5 dZ + dz(t — to) Zty
Trong do: R 1a ma tran xoay, dugc tinh
nhu sau:
1 [ez + éz(t — to)] —[ev + év(t — to)
R = [—[ez + éz(t — to)] 1 [ex+eéx(t—to)]] (2)

[ev + év(t — to)] —[ex + éx(t — to)] 1

Xy, Ye,, Zt, 12 toa dO vudng goc khong gian 01 tham s ty 1& dai dm va 01 tham s toc
trong ITRF thir nhat (43 biét) tai thoi diém quy

chiéu to;

do ty 1¢ dai twong Ung 1a dm.
3.2. Tham so tinh chuyén toa d9 tir cic ITRF
X, Ye, Zdla toa d9 vuong goc khong gian trong cii sang ITRF2020

ITRF thir hai (can tinh) tai thoi ¢. Dich vy hé théng tham chiéu va quay Trai

dat qudc té (International Earth Rotation and
Refrence System Service — IERS) di cung cap
14 tham s6 dé chuyén toa do tir cac phién ban
ITRF cii sang phién ban mdi nhit ITRF2020.
Trén Bang 2 1a trich gidi thiéu cac tham sb
chuyén tir ITRF2005 sang ITRF2020 ¢ thoi
diém tham chiéu 2015 (Altamimi & cdng su,
2023).

14 tham sb tinh chuyén toa do gém:

03 tham sb vé dich chuyén géc toa do la
dX,dY,dZ va 03 tham sb tdc do dich chuyén
gbc twong tmg dx, dv, dz;

03 tham s goc xoay Euler 12 ex, ey, ez va
03 tham s tdc d6 goc xoay tuong tmg la
€x, €y, €z,
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Bang 2. Céc tham s6 chuyén tir ITRF2005 sang ITRF2020

Tham s6 | dX (mm) | dY (mm) | dZ (mm) | dm (ppb) | ex (.001") | ey (.001") | ez (.001") to
Tée do dax dy dz dm €x ey €z
* | (mm/nam) | (mm/nam) | (mm/nam) | (ppb/ném) | (001" /nam) | (.001'"/nam) | (.001"/nam)
1.4 0.9 -14 0.42 0 0 0 2015
ITRE2014 0 0.1 -0.2 0 0 0 0
-0.2 -1 -33 0.29 0 0 0 2015
ITRF2008 0 0.1 -0.1 -0.03 0 0 0
2.7 -0.1 14 -0.65 0 0 0 2015
ITRE2005 -0.3 0.1 -0.1 -0.03 0 0 0
0.2 -0.8 342 -2.25 0 0 0 2015
ITRF2000 -0.1 0 1.7 -0.11 0 0 0
-6.5 39 779 -3.98 0 0 -0.36 2015
ITRES7 -0.1 0.6 3.1 -0.12 0 0 -0.02
-6.5 39 779 -3.98 0 0 -0.36 2015
ITRED6 -0.1 0.6 3.1 -0.12 0 0 -0.02
-6.5 39 779 -3.98 0 0 -0.36 2015
ITRES4 -0.1 0.6 3.1 -0.12 0 0 -0.02
65.8 -1.9 713 -4.47 3.36 433 -0.75 2015
ITRED3 2.8 0.2 2.3 -0.12 0.11 0.19 -0.07
-14.5 1.9 85.9 -3.27 0 0 -0.36 2015
ITRED2 -0.1 0.6 3.1 -0.12 0 0 -0.02
-26.5 -12.1 91.9 -4.67 0 0 -0.36 2015
ITRE91 -0.1 0.6 3.1 -0.12 0 0 -0.02
-24.5 -8.1 107.9 -4.97 0 0 -0.36 2015
ITREDO -0.1 0.6 3.1 -0.12 0 0 -0.02
-29.5 -32.1 145.9 -8.37 0 0 -0.36 2015
ITRES9 -0.1 0.6 3.1 -0.12 0 0 -0.02
-24.5 39 169.9 -11.47 -0.1 0 -0.36 2015
ITRESS -0.1 0.6 3.1 -0.12 0 0 -0.02

Nguon: Tong hop ciia nhém tdc gia tiv IERS

3.3. Giai phap tinh toan

Viéc tinh chuyén toa do bé“mg 14 tham sb
cho thoi diém t theo cac cong thirc trong phan
3.1 kha phtic tap. Dé thuan tién hon trong tinh

toan nén thyc hién theo giai phap sau:
dXe= dXt, + dx(t — to)
dY:= dYrO + dy(t — to)

| dz. = az., + du(t — to)
ex, = ex,, + éx(t — to)
ey, = ey,, + év(t —to)

|ezt=

- Dwa vio gia tri cia 7 tham s6 ¢ thoi diém
to va tbc do thay doi ciia chung, tinh ra gia tri

ez,, + éz(t — to)

{dmt = dmeo + dni(t — to)

(€)

cia 7 tham s6 twong ung & thoi diém t theo
cong thtc:
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- Tinh chuyén toa do dua vao 7 tham sb &
thoi diém t theo cong thuc:

Xt dX: Xto
[Ye] =[dYe ]+ A +dmoRe[Yeo] (@)
Zt 2 dZ: Zto "

Trong d6, ma tran xoay & thoi diém t 1a R, 1a:

1 ez, —ey,
Ri=[—-¢e; 1 ex, ] )
ey —ex 1

3.4. Chuong trinh tinh chuyén toa dd tir cac

ITREF cii sang ITRF2020

Trén co so 1y thuyét va cac tham so tinh ITRF cii sang ITRF2020. Chuong trinh c6 tén
chuyén trinh bay ¢ trén, dé tu dong hoa viéc 1a TransITRF. Giao dién cua chuong trinh nhu
tinh toan, chung t6i xdy dung chuong trinh Hinh 2.

méy tinh tinh chuyén toa do tir cic phién ban

B3 Transformation from past ITRFs to ITRF2020 - TransITRF X

Input data file name: ’rRF\TEST\NTAnh_m_nRonos_cm et Open

Input name of file to hold result [rRF\T EST\NTAnh_XYZ_ITRF2020_CK1.txt Save as

Input number of points in data file [11

FomITRF:  [2005 1o |TRF2020; Epoch: |2006

Bun | Exit |

Hinh 2. Giao dién ciia chwong trinh tinh chuyén toa dd tir cac phién ban ITRF cii sang

ITRF2020
Nguoén: Pé xudt ciia nhém tac gia
Dé thuc hién tinh toan, chung ta can: +)cotlla s6 thir tu diém
- Nhap tén file s6 liéu vao muc Input data +) cot 2 latoa dd X, don vi lam

file name. File so li¢u c6 dinh dang nhu sau: 1) cot 3 1a toa d6 Y, don vi la m

+) dong dau tién 1a dong tiéu de 1) 6t 4 1a toa do Z, don vi 1a m

+) cac dong tiép theo chwra so li€u, moi Trén Hinh 3 minh hoa dinh dang file sb

dong tuong tmg véi mot diém, bao goém 4 cot lidu
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NTAnh_XYZ_ITRF2005_CK1.txt - Notepad = (] X

File Edit Format View Help

STT X (m) Y (m) fz (m)

1 -1619863.6553 5730708.1532 2276074.5329
2 -1610501.5738 5732105.6981 2279175.9557
3 -1623832.3997 5725174.9854 2287081.2549
4 -1638831.8102 5726295.5341 2273618.1172
) -1625804.1313 5733525.6724 2264790.7376
6 -1593775.2906 5740119.2613 2271062.1310
7 -1620831.5666 5719421.4017 2303446.2874
8 -1652902.0329 5721226.2912 2276168.8205
9 -1618542.6523 5741086.0081 2250885.0403
10 -1687879.9327 5704397.8844 2292668.1826
11 -1642606.1719 5754865.2516 2197993.6903

Hinh 3. Minh hea dinh dang file s6 liéu dau vao
Nguon: Dé xudt ciia nhom tac gia

- Nhap tén file két qua vao muc Input 4. KET QUA NGHIEN CUU

name of file to hold result 4.1. Két qua tinh chuyén toa dd tir
- Tai muc From ITRF nhap phién ban ITRF2005 sang ITRF2020

ITRF, vi dy: 88, 2005, 2008 vv... Tu sb liéu trong Bang 2, cac tham sb

- Tai muc Epoch, nhép thoi diém t, vi du:
2005.0, 2006.8, 2020.0 vv...

chuyén doi toa d6 ¢ thoi diém 2006 giita cac
phién ban ITRF sang ITRF2020 dugc tinh

- Chon nit Run dé chay chuong trinh va
nut Exit dé thoat khoi chwong trinh.

Bang 3. Cac tham s6 chuyén toa d tir ITRFs sang ITRF2020 & thoi diém 2006

toan. Két qua duoc trinh bay trén Bang 3

Tham s6 dX (mm) | dY (mm) | dZ (mm) | dm (ppb) | ex (.001") | ey (.001'") | ez (.001")
ITRF2014 1.4 0 04 0.42 0 0 0
ITRF2008 -0.2 -1.9 24 0.56 0 0 0
ITRF2005 0 -1 23 -0.38 0 0 0
ITRF2000 1.1 -0.8 18.9 -1.26 0 0 0

ITRF97 -5.6 -1.5 50 -2.9 0 0 -0.18
ITRF96 -5.6 -1.5 50 -2.9 0 0 -0.18
ITRF94 -5.6 -1.5 50 -2.9 0 0 -0.18
ITRF93 40.6 -3.7 50.6 -3.39 2.37 2.62 -0.12
ITRF92 -13.6 -3.5 58 -2.19 0 0 -0.18
ITRF91 -25.6 -17.5 64 -3.59 0 0 -0.18
ITRF90 -23.6 -13.5 80 -3.89 0 0 -0.18
ITRF&9 -28.6 -37.5 118 -7.29 0 0 -0.18
ITRF88 -23.6 -1.5 142 -10.39 -0.1 0 -0.18

Nguon: Téng hop va tinh toan ciia nhom tac gia

Str dung chuong trinh TransITRF tinh
chuyén toa do tir ITRF2005 sang ITRF2020 &

thoi diém 2006. Két qua tinh chuyén duoc trinh
bay trén Bang 4

Bang 4. Két qua tinh chuyén toa d tir ITRF2005 sang ITRF2020 thoi diém 2006

STT Piém X(m) Y(m) Z(m)

1 HNO00 -1619863.65468 5730708.15002 2276074.53434
2 HNO1 -1610501.57319 5732105.69492 2279175.95713
3 HNO02 -1623832.39908 5725174.98222 2287081.25633
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STT Piem X(m) Y(m) Z(m)
4 HNO3 -1638831.80958 5726295.53092 2273618.11864
5 HNO04 -1625804.13068 5733525.66922 2264790.73904
6 HNO5 -1593775.28999 5740119.25812 2271062.13244
7 HNO06 -1620831.56598 5719421.39853 2303446.28882
8 HNO7 -1652902.03227 5721226.28803 2276168.82194
9 HNO8 -1618542.65168 5741086.00492 2250885.04174
10 HNO09 -1687879.93206 5704397.88123 2292668.18403
11 HN10 -1642606.17128 5754865.24841 2197993.69176

Nguon: Két qua tinh toan ciia nhom tac gia

4.2. Kiém tra két qua tinh toan

Pé kiém tra tinh chinh xac cta 1y thuyét
cling nhu chuong trinh. Chung toi tién hanh
tinh toan kiém tra thu cong bang excel dbi voi
b6 s6 liéu trén va so sanh vai két qua tinh bang

chuong trinh. Két qua so sanh duoc trinh bay
trén Bang 5. Tir bang nay cho thay: chénh léch
giita két qua tinh bang chuong trinh va tinh
kiém tra rat nho, & mic 10”° m. Nhu vay, chimg
t6 cac cong thirc, tham s va chuong trinh tinh
toan chinh xac.

Bang 5. Chénh léch giira két qua tinh biang chwong trinh va tinh kiém tra

STT Piém AX (105 m) AY (10° m) AZ (10" m)
1 HN00 0.45 -0.23 0.49
2 HNO1 -0.20 -0.18 -0.39
3 HNO2 0.29 -0.44 -0.09
4 HNO3 -0.28 -0.40 0.40
5 HNO4 0.22 -0.13 0.06
6 HN05 0.44 0.12 030
7 HN06 041 0.34 -0.47
8 HNO7 0.19 0.41 0.49
9 HNOS8 0.50 0.16 -0.47
10 HN09 -0.14 -0.23 0.12
11 HN10 -0.42 -0.32 -0.48

Nguon: Két qua phan tich ciia nhém tdc gia

4.3. Két qua tinh chuyén ¢ cac thoi diém
khac nhau

Déi voi viée tinh chuyén toa do trong
hé toa do dong thi viéc xac dinh thoi diém tinh
chuyén 1a rt quan trong. Thoi diém khac nhau
s& lam cho 7 tham sb chuyén ddi toa do khac

nhau va dan dén toa d6 khac nhau. Dé lam 16
diéu nay, chung t6i tién hanh tinh toan voi bo
s6 lidu nghién ctru & mot sé thoi diém khac
nhau v so sanh két qua tinh v6i nhau. Trén
Béng 6 1a két qua tinh chuyén cho cic diém
thuc nghiém tir ITRF2005 sang ITRF 2020 vao
thoi diém 2016 (t = 2016,0).

Bang 6. Két qua tinh chuyén toa d9 tir ITRF2005 sang ITRF2020 thoi diém 2016

STT Diém X(m) Y(m) Z(m)
1 HN00 -1619863.65720 5730708.14930 2276074.53265
2 HNO1 -1610501.57570 5732105.69420 2279175.95545
3 HNO02 -1623832.40160 5725174.98151 2287081.25464
4 HNO03 -1638831.81209 5726295.53021 2273618.11695
5 HN04 -1625804.13319 5733525.66850 2264790.73736
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STT Diém X(m) Y(m) Z(m)
6 HNO5 -1593775.29252 5740119.25740 2271062.13076
7 HN06 -1620831.56850 5719421.39781 2303446.28713
8 HNO7 -1652902.03478 5721226.28731 2276168.82025
9 HNO8 -1618542.65420 5741086.00420 2250885.04007
10 HN09 -1687879.93455 5704397.88052 2292668.18234
11 HNI10 -1642606.17378 5754865.24769 2197993.69011

Nguon: Két qua tinh todn ciia nhém téac gia

Két qua so sanh toa do trong ITRF2020 &
thoi diém 2016 (t=2016,0) va thoi diém 2006
(t=2006,0) dugc trinh bay trén Bang 7.

Bang 7. So sanh két qua tinh chuyén toa d9 trong ITRF2020 thoi diém 2016 véi 2006

STT Piém AX(mm) AY(mm) AZ(mm)
1 HNO00 -2.52 -0.72 -1.69
2 HNO1 -2.51 -0.72 -1.68
3 HNO02 -2.52 -0.71 -1.69
4 HNO3 -2.51 -0.71 -1.69
5 HNO04 -2.51 -0.72 -1.68
6 HNO5 -2.53 -0.72 -1.68
7 HNO06 -2.52 -0.72 -1.69
8 HNO7 -2.51 -0.72 -1.69
9 HNOS -2.52 -0.72 -1.67

10 HNO09 -2.49 -0.71 -1.69
11 HNI10 -2.50 -0.72 -1.65
Trung binh -2.51 -0.72 -1.68

Nguon: Két qua tinh todn ciia nhém téc gia

Trén Bang 8 1a két qua tinh chuyén cho
cac diém thuc nghiém tir ITRF2005 sang ITRF

Tir Bang 7 cho thiy: Toa do ciia cung 1
diém & thoi diém 2016 so véi thoi diem 2006

(10 nam) khac nhau vé toa d6 X khoang -2,51 2020 vao thoi diém 2025.

mm, vé toa d0 Y 14 -0,72 mm, vé toa d0 Z 1a -

1,68 mm.

Bang 8. Két qua tinh chuyén toa d tir ITRF2005 sang ITRF2020 thoi diém 2025
STT Piém X(m) Y(m) Z(m)

1 HNO0 -1619863.65946 5730708.14866 2276074.53114
2 HNOI -1610501.57797 5732105.69355 2279175.95393
3 HN02 -1623832.40386 5725174.98086 2287081.25313
4 HNO3 -1638831.81434 5726295.52956 2273618.11544
5 HN04 -1625804.13546 5733525.66785 2264790.73585
6 HNO5 -1593775.29479 5740119.25675 2271062.12924
7 HNO06 -1620831.57076 5719421.39717 2303446.28561
8 HNO7 -1652902.03703 5721226.28666 2276168.81874
9 HNO0S -1618542.65646 5741086.00355 2250885.03856
10 HN09 -1687879.93680 5704397.87988 2292668.18082
11 HNI10 -1642606.17604 5754865.24703 2197993.68861

Nguon: Két qua tinh toan ciia nhom tdc gia
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Két qua so sanh toa do trong ITRF2020 &
thoi diém 2025 va thoi diém 2016 duge trinh

bay trén Bang 9.

Bang 9. So sanh két qua tinh chuyén toa d9 trong ITRF2020 thoi diém 2025 véi 2016
STT Piém AX(mm) AY(mm) AZ(mm)
1 HNO0 -2.26 -0.64 -1.51
2 HNO1 2.27 -0.65 -1.52
3 HNO2 -2.26 -0.65 -1.51
4 HNO3 2.25 -0.65 -1.51
5 HNO04 2.27 -0.65 -1.51
6 HNO5 -2.27 -0.65 -1.52
7 HNO06 -2.26 -0.64 -1.52
8 HNO7 -2.25 -0.65 -1.51
9 HNOS -2.26 -0.65 -1.51
10 HN09 -2.25 -0.64 -1.52
11 HNI10 -2.26 -0.66 -1.50
Trung binh -2.26 -0.65 -1.51

Nguon: Két qua phan tich ciia nhém tac gia

Tir Bang 9 cho thay: Toa do cua cung 1
diém & thoi diém 2025 so véi thoi diém 2016
(chénh léch 9 nim) khac nhau vé toa do X
khoang -2,26 mm, vé toa dd Y 12 -0,65 mm, vé
toadd Z1a-1,51 mm.

Két qua so sanh toa do trong ITRF2020 &
thoi diém 2025 va thoi diém 2006 duoc trinh
bay trén Bang 10.

Bang 10. So sanh két qua tinh chuyén toa d§ trong ITRF2020 thoi diém 2025 véi 2006

STT Piém AX(mm) AY(mm) AZ(mm)
1 HNOO -4.78 -1.36 -3.20
2 HNO1 -4.78 -1.37 -3.20
3 HNO2 -4.78 -1.36 -3.20
4 HNO3 -4.76 -1.36 -3.20
5 HNO4 -4.78 -1.37 -3.19
6 HNO5 -4.80 -1.37 -3.20
7 HNO06 -4.78 -1.36 -3.21
8 HNO7 -4.76 -1.37 -3.20
9 HNOS8 -4.78 -1.37 -3.18
10 HNO09 -4.74 -1.35 -3.21
11 HN10 -4.76 -1.38 -3.15
Trung binh -4.77 -1.37 -3.19

Nguon: Két qua phan tich ciia nhém tac gia

Tir Bang 10 cho thay: Toa d6 ciia clng 1
diém & thoi diém 2025 so véi thoi diém 2006
(chénh 1&€ch 19 nam) khac nhau vé toa do X
khoang -4,77 mm, vé toadd Y 13 -1,37 mm, vé
toa dd Z1a-3,19 mm.

Hinh 4 12 biéu d6 thé hién truc quan gia tri
tuyét ddi thay doi toa do theo thoi diém trong
ITRF2020. Tt cac Bang 6, Bang 9, Bang 10 va
Hinh 4 cho théy: Tdc d6 thay doi toa do ty I1¢
thuan voi mie do khac nhau vé thoi diém tinh.
Thoi diém tinh cang khac nhau nhiéu thi khac
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nhau vé toa do cang 16n; Sy thay ddi vé toa do
X c6 gia tri 1on nhat (khoang 2,25 mm/nam),

sau do 1a toa d¢ Z (khoang 0,17 mm/nam), nho
nhat 13 toa d6 Y (0,07 mm/nim).
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Hinh 4. Biéu do thé hién gia tri tuyét doi thay ddi toa do theo thoi diém tinh

Nguon: Dé xuat cua nhom tac gia

5. KET LUAN

Bai bao da nghién ctu phuong phép tinh
chuyén toa do giita cac phién ban ITRF khac
nhau. Dé tinh chuyén, can phai dung dén cong
thirc 14 tham s6. Bai bao ciing dé tim hiéu cac
tham s6 chuyén dbi toa do tir cac phién ban
ITRF cii sang ITRF2020 do IERS cung cép,
dua ra giai phap quy vé 7 tham s6 & thoi diém
t dé tinh chuyén toa do.

Ttr ly thuyét va cac tham s, chuong trinh
tinh chuyén toa do tir cac phién ban ITRF cii
sang ITRF2020 da duoc xdy dung. Thuc
nghiém da tinh chuyén toa do cho 11 diém
GNSS tu ITRF2005 sang ITRF2020. So sanh
v6i két qua tinh kiém tra cho thay chénh léch
toa do 1a rat nho, & mac 10° m, ching to
chuong trinh 1a chinh xéac.

Trong tinh chuyén toa do trong hé toa do
dong thi thoi diém tinh anh huong dén gia tri
toa do. Thoi diém tinh cang khac nhau 16n thi
khéac nhau vé toa do cang 16n, theo ty 1¢ thuén.
biéu nay thé hién tinh ddong cua hé toa do. Do
d6, viéc xac dinh thoi diém tinh toan 1a yéu td
quan trong.
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