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XAC DINH TOA PO TWET DOI BANG GPS
TREN WGS-84

VY QUOC HAI, TRAN DINH TO, DUONG CHI CONG

L. DAT VAN DE

Toa do tuyét d6i cha di€ém tréen WGS-84 dong
vai trd quan trong trong xu 1y s6 ligu ciing nhu
trong qua trinh ¢ng dung cong nghé GPS cho linh
vuc trac dia va ban do.

Viec xit 1y so lieu GPS (tinh canh - baseline-
processing) thudng.bit ddu bang viéc chon diém
khéi ddu (fixed control) di biét toa do trén
ellipsoid WGS-84, do tin cay clia ket qua tinh canh
phu thuoc vao do chinh xac cia toa do diém khoi
ddu. Theo tai liéu cia hang Trimble, sai s6 toa do
cla diém khdi ddu c& 10 m s& gay Ta sai s6 tinh
canh khodng 1ppm. Bdi vay, trong mot s6 nhiém
vu tric dia doi hdi do chinh xac cao (khao sat
chuyén dong kien tao, hodc do canh dai) cin phdi
quan tam thich dang dén toa do tuyét d6i clia diém
trong ludi. ;

Mot s6 van dé lien quan t6i xac dinh toa do
tuyét d6i da dwoc dé cap trong [5]. Bén canh mot
$6 khao sit vé do tin cay va nhan xét, bao co cho
ring : "Nhing canh dugc xir ly bing TRIMVEC+
noi chung déu xéc dinh gié tri toa do gdn dang cla
diém ddu baseline bing phuong phap xi 1y gid

ngdu nhién (Pseudorange), vi vy toa do gdn ding .

cb do chinh xac rat thap, dac biét 1 do cao tric dia
H. Khong it nhitng diém 6 toa do B, L lech vai ba
kilomet, tham chi do ‘cao léch toi vai ngan mét.”
"Trong qué trinh trién khaj cong nghe GPS & Viét
Nam vén dé ndy chua duge quan tam ding moec.
Trong tuong lai s& khic phuc dugc dé nang cao do
chinh xéc céc tri do GPS".

Toa do tuyet ddi ctia diém khdi ddu co thé xac
dinh theo cic phuong phép :

1. Phuong phap tuong doi : tién hanh ca do
ddng thoi trén diém chua biét va it nhat mot diém
da biét toa do trén ellipsoid WGS-84. X1 1y 50 ligu
ndy s& nhan duoc cac canh (dX, dY, dZ) va tir do
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s& 4inh duoe toa do cla diém chua biét. Do chinh
xac toa do cua diém méi phu thuoe vao do dai cia
canh, do dai ca do (session), d6 tin cdy toa do cla
diém da biét... song vé co ban co thé dat duge cd
centimet. Do chinh x4c ndy hoan toan dap (g cho
viéc tinh canh va xit 1y so lieu GPS ti€p theo.

2. Phuong phip tuvét doi : viec thu s6 lieu tién
hanh bing mot may thu tai diém chua biét toa do.
Véi phin mém co thé tinh duoc toa do tuyét doi
cta diém trén ellipsoid WGS-84. Do chinh xic xac
dinh toa do theo phuong phip nay thudng kém
hon so voi phuong phép trén. Tuy theo do dai ca
do, tép so licu dao hang do tin cly cua toa do cd
thé dat t6i ¢& met (trong mot vai truong hop dac
biét : vi du nhu su dung Precise Point Positioning
(PPP) c6 thé dat dugc cd vai centimet [1].

Trong cong trinh nay. trén co sd xir Iy mot s6
s6 lieu cu thé ching toi trinh bdy cac ket qua lién
quan tdi viéc xac dinh toa do tren WGS-84 va do
tin c4y cia ching. Cac ket qud nay co thé 12 goi §
hitu ich cho cac dong nghiép khi tng dung GPS
trong céc nhiém vu tric dia.

II. XAC DINH TOA DO
BANG PHUONG PHAP TUONG DOI

Nhu d3 trinh by & trén, dé x4c dinh duoc toa
do theo phuong phap tuong ddi, cdn phdi do néi
vGi cac diem di biét toa do. G noi da hoan thien
ugi GPS co s&. ¢o heé thong diém co toa do trén
WGS-84, viec do ndi hoan toan khong c6 gi kho
khin. Tuy theo timg nhiém vu tric dia, lwa chon so
dé do, ciing nhu do dai ca do nham dat dugc do
chinh xac yéu cau.

Ben canh do, hién nay v&i su phat trién cla In-
ternet, viec do ndi voi cic diém IGS (International
GPS Service for Geodynamics) nhiéu khi c6 thé
thuan lgi hon so v&i do ndi voi cac diém trong



nuée. Diém IGS 1a he théng cic diém duogc thiét
1ap nhdm nghién clru cic qua trinh dia dong luc.
Toa do cta cac diém nay nim trong he toa do toan
cdu (International Terrestrial Reference Frame-
ITRF). ITRF dugc thiét 1ap bdi Terrestial
Reference Frame Section thuoc International Earth
Rotation Service (IERS). Viec xac dinh ITRF dua
trén co s két hgp cac tép toa do cac tram do (Sets
of Station Coordinates - SSC) va vén t6c dugc xac
dinh tir cic quan trdc cla cac phuong phap do tric
dia khong gian nhu VLBI, LLR, SLR, GPS (tir nam
1991) va DORIS (tir 1994). Toa d6 ctia cac SSC
duge quan tric va tinh toén lién tuc theo thdi gian,
vi vay toa do cla cic di€ém dugc lien quan ti ting
thoi diém. Tir d6 dén nay di c6 ITRF88, 89, 90,
91,92, 93, 94, 96, 97 va ITRF 2000 dugc xac dinh
(http://lareg.ensg.ign.fr/ITRF/).

Tur khi duge thanh 1ap (1992) IGS di thiét 1ap
mang cAc tram dit may thu GPS quan tric lién tuc.
Céc s0 lieu ndy duoc thu thap chuyén vé cic trung
tam xtr 1y. Song diéu quan trong nhat doi voi
chiing ta 12 ¢4 thé khai thac dugc cic s6 lieu nay tir
Internet, thong qua cac trang Web. Vi Internet ta
c6 thé 14y dugc cic thong s6 cha cac diém IGS (vi
tri diém, toa do diém, thong s6 miy thu, thong s6

anten...) cing v@i cic tép s6 liéu do. Bdi vay, cung
v@i s6 lieu méy thu cia ta, ta c6 thé tinh dugc toa
do difém da dat may thu. Cing cdn luu § : cic
trung tam phan tich cta IGS di sir dung ITRF dé
tinh to&n quy dao cling nhu toa d6 di€ém. Tuy vay,
tr nam 1995 (tudn GPS 730) sau khi x4c dinh lai
toa do cac tram quan sat do léch gitta WGS-84 va
ITRF ¢& centimet. Diéu ndy dnh hudng hoan toin
kHong dang ké tdi ket qua do noi.

Voi cic 56 lieu thyc t&€ chiing toi da tién hanh
xéc dinh toa do mot s6 di€ém bing viéc do ndi vai
cac diém IGS. Tinh toan ctia ching toi lién quan
tdi cac ca do 8§, 12 va 16 gid.

D€ tinh toa do clia cic diém CUAI, chiing toi
da sir dung s6 lieu cta 5 ca do dii 8 gid tai di€m
CUAL (do nam 1998), ciing véi tep tri do va cic
thong s6 lién quan (toa do, anten) tgi SHAO - di€m
IGS. Vi ket qua tinh canh, c6 dinh diém SHAO cb
th€ binh sai d€ xic dinh toa do6 va sai s6 di€m
CUAL

Tuong tu nhu trén, ching t6i ciing tinh toa do
cla cc di€m khéc vai cac ca do 12, 16 gid, duogc
ti€n hanh nam 2002. Két qud dugc trinh bdy &
bdng 1. '

Bdng 1. Toa db va sai 8 cac didm

4 5 bo dai Sai 50 toa do (mm)
Dicm Cado 56 ca do (m) Vydo  Kinh d6 D6 cao
CUAI 8 gio 5 2133 813,123 3.6 7.5 8.8
LOTI1 12 gio 3 1 455 674,757 9,4 9,5 40,5
DONI1 16 gio 4 1458 158,613 7,6 8.0 30,5

Tir két qua Bang 1 co thé thay, cho di khodng
cach hang ngin kilomet, ca do ciing chua phai 1a
dai, 56 ca do chua phai la nhiéu, khi tinh canh
cling chua st dung tdi cic thong s6 diéu khién,
tinh toan cling méi chi lien quan t&i mot diém IGS,
song ket qué canh chi sai 1éch vai centimet, sai s6
mat bang c& milimet theo mbi chiéu, sai s6 do cao
cd mot vai centimet. Diéu do cho thdy, hoan todn
c6 thé x4c dinh toa do bing phuong 4n niy.

Ciing cin phdi lwu y, do tin cay cla toa do
diém phu thudc vao nhiéu yéu t6, trong d6 quan
trong nhat Ja chat luong tin hiéu thu dugc. Bai vay,
nén chon ca do vio khodng thdi gian thich hgp
bing phdn mém 1ap k& hoach do.

Nhur da biét, toa do cla cic diém IGS c6 do
chinh xac cao, cic may thu lai hoat dong lién tuc,

c6 thé lua chon 14y s8 liéu tir nhiéu di€ém nén viec
do ndi va tinh chuyén toa d6 bing phuong in nay
khong nhitng hodn todn kha thi, nhiéu khi con
thuan lgi hon c4 phuong an do néi véi cic diém
trormg nudc. Tép tri do cla diém IGS chi c6 thé
khai thic tir Internet khoang 2 tudn sau thoi diém
do, cdn luu § diéu nay khi trién khai nhiém vu.

. ILXACPINHTOA PO
BANG PHUONG PHAP TUYET BOI

V& co ban, toa do xic dinh biang phuong phap
twong d6i hoan todn dap img dugc do chinh xac dé
tinh canh ciing nhu viéc xir ly tiép theo s lieu
GPS. Tuy vay, trong nhiéu trudng hop trién khai
céc nhiém vu tric dia, viéc do ndi véi diém GPS co
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s& (viing chua co diém GPS co s&, hodc diém GPS
co s& qud xa) cling nhu voi diém quac t& (kha
nang st dung Internet) 14 thuan lgi va kinh t&. Vi
vay, viec xac dinh toa do bing phuong phap tuyét
d6i ciing cdn phdi xem xét, can nhic. Vai myc dich
db, voi cac s6 lieu thuc t& chung toi di tién hinh
Khio sat do tin ciy toa do xac dinh bing phuong

phap tuyet déi. S lieu khio sat 1a cac tép so lieu
do véi 40 dii ca do 16n hon 24 gi@. K&t qua cua
mot trong céc ca do nhu vay dugc trinh bdy & bdng
2. Véi phin mém GPSurvey 2.35, ching toi tinh
toa do diém voi do dai ca do ldn luot 13 2, 4.... 48
gi@. Toa d6 tinh theo d6 dii ca do khéc nhau dugc
<o sinh voi toa do ctia ca do 48 gid [2].

Bdng 2. Toa dé tuyét ddi theo dé dai ca do

T.gian vy do Kinh do Do cao P. error dLa dLo dH
_(gi®) (giay) (giay) (m) (m). (m) (m) (m)
2 53.96215 26.21526 25,761 0,894. 0,545 1,413 0,796
4 53.97348 26.17871 22,111 0,254 0,896 0,439 2,854
6 53.96221 26.20023 24,263 0,610 0,547 1,012 0,702
8 53.96226  26.17578 24,813 0,536 0,549 0,361 -0,152
10 53.95581 26.16663 24,802 0,474 0,349 0,117 -0,163
12 53.94979 26.15849 24911 0,437 0,163 -0,100 -0,054
14 53.95537 26.16314 25,020 0,414 0,336 0,024 0,055
el (5 53.94697 26.15795 24,409 0,143 0,076 0,114 -0,556
18 53.93279 26.15638 25,268 0,137 0,362 -0,156 0,303
20 5394764  26.16578 25,299 0,332 0,097 0,095 0,334
22 53.94667 26.16627 25,253 0,299 0,067 0,108 0,288
24 53.94485 26.16670 25,181 0,281 0,011 0,119 0,216
26 53.94572 2617042 * 25,259 0,268 0,037 0,218 0,294
28 53.94696 26.17202 25,119 0,264 0,076 0,261 0,154
30 53.94615 26.17168 24,902 0,261 0,051 0,252 -0,063
32 53.94725 26.16794 24,944 0,260 0,085 0,152 0,021
T34 53.94402 26.16559 24,890 0,254 0,015 0,090 0,075
36 53.94295  26.16321 24915 0,250 -0,048 0,026 -0,030
38 53.94662 26.16500 24,978 0,247 0,065 0,074 0,013
40 53.94526  26.16745 24,812 0,245 0,023 0,139 -0,153
42 53.94534  26.16547 24,995 0,234 0,026 0,086 0,030
A4 . 5394469 .. .26.16575 . -- 25,040 0,225 0,006 0,094 0,075
46 53.94534  26.16324 24,991 0,208 0,026 0,027 0,026
.48 53.94451 26.16223 24,965 0,204 0,000 0,000 0,000
CX 5395008 26140464 25890 0,172 -0,580 0,925

Ching toi da tinh theo 2 phuong an : 1. S
dung tép dao hang thong dung, 2. St dung tép dao
hang c¢hinh xac. Ket qud cua 2 phuong an c6 thé
coi 14 nhu nhau, diéu ndy cd thé do tu ngay
7-5-2000 ché do SA dugc d& bo, nén khong co su
sai khac lon giita 2 loai dao hang. $ bang 2, cic
cot 5 14 sai 50 vi tri diém do phin mém thong béo ;
6,7, 8 14n luot 14 d0 léch ctia v§ do, kinh do va do
cao so véi toa do tinh theo ca do 48 gio. Cic s0
lieu ndy ciing dugc trinh by dudi dang do thi g
hinh'1.

8.

A

Véi s6 lieu clia bang 2 va hinh 1¢6 thé thay :

- D0 tin cay cla toa do diém tang din theo thai
gian, ndi cach khac thoi gian ca do cang dai toa do
xac dinh bang phuong phap tuyét doi cang chinh
Xac.

- Toa do clia diém thay d6i mot vai met trong
mot vai tieng-ddu ca do, tr khoang 10 gid tro di
toa do cta diém ddn én dinh (dao dong c@
decimet), tir 20 gio trd di chi thay ddi cd centimet.



—#=P_arror
(m)
——dLa (m)
glds
—dr=—dLo (m) 3
Hirnh 1. Saij 50, va
—=—dH (m) cac do lech theo do
dai ca do

- So véi toa do chinh xéic sai s6 thuc toa d6 lien quan gilta toa do va do dai ca do. D€ ¢6 so s¢
theo vy do, kinh do, d9 cao I4n lugt 13 : 0,172 m, ket luan vé mirc do tin cay ciia phuong phap tuyet
-0,580 m, 0,925 m. ddi ching toi d4 tinh sai s8 thuc ctia cic diém xéc

Cic s6 lieu & bdng 2 chil y&u chi biéu dién méi  dinh bing phuong phap nay.

Bdng 3. sai s8 thyc cha cac ca do 12 gi&
Toa do theo phuong phap tuyat d6i Toa d¢ chinh xac Hiéu (m)
Biém Vy do (") Kinh do (") Do cao (m) V§do (") Kinhd6 (") Docao(m) dLa dLo  dH

MONI 22.01488 43.74255 740,098 22.01719 43.76098 739,530 0,071 0,531 -0,568
MONI 22.02979 43.75741 740,395 22.01719 43.76098 739,530 -0,390 0,103 -0,865

MON! 22.02778 43.76065 740,888 22.01719 43.76098 739,530 -0,327 0,010 -1,358
NADI 026047 5824479 917,447 0.278309 58.26914 918,002 0,552 0,703 0,555
NAD2 128129 0.56472 925,677 1.266468 0.568234 924,489 -0,458 0,101 -1,188
NAD2 127483 0.56728 925,448 1.266468 0.568234 924,489 -0.259 0,028 -0,959
NOI1  49.81405 19.28769 659,492 49.81542 19.30322 659,105 0,042 0,448 -0,387
NOIl 498196 19.29299 660,533 49.81542 19.30322 659,105 -0,129 0,295 -1,428
NOIl 49.81181 19.30387 659,969 49.81542 19.30322 659,105 0,112 -0,019 -0,864
QTA2 213853 33.97248 616,023 21.37077 33.97368 615,405 -0,449 0,034 -0,618
QTA2 21.39251 33.97293 616,899 21.37077 33.97368 615,405 -0,672 0,021 -1,494
QTA2 21.37266 3397866 616,410 21.37077 33.97368 615,405 -0,058 -0,144 -1,005
LOTI  9.17163 49.82835 572,961 9.156799 49.82724 571,608 -0,459 -0,032 -1,353
LOT1  9.15392 49.82591 572,781 9.156799 49.82724 571,608 0,089 0,038 -1,173
TCOl 48.32173 39.24459 812,237 48.30089  39.24698 810,962 -0,644 0,069 -1,275
TCOl 48.30693 39.23717 812,234 4830089 39.24698 810,962 -0,187 0,283 -1,272
TPU2 22.13835 50.8859 122,907 22.11756  50.88592 121,707 -0,643 0,001 -1,200
TPU2  22.1231 50.88143 123,010 22.11756 50.88592 121,707 -0,171 0,129 -1,303

RMS 0,383 0,260 1,098

Trudc tién ching 16i tinh toa do theo phuung Chiing to6i ciing tién hanh cac tinh toan tuong
phép tuyét d6i cho 18 ca do cta 7 diém véi do dai  tr cho 18 ca do 24 gig. Cac ket qua tinh toan ndy
ca do 12 12 gio, tiép d6 12 hieu cha toa do tinh theo duoc trinh biy & bdng 4.
phuong phép tuyét d6i va toa do chinh xac (co thé et R s
coi 13 sai sO thuc), cudi cang 13 trung phuong sai . T 56 liéu cila bing 3, va bing 4 ta oo the tha

s0 thuc (bdng 3). rang :
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- Sai s6 thuc cia timg ca do theo V¥ do, va kinh
d6 ~0,5m, d¢ cao ~1m, vi trf diém x4p xi Im.

- Trung phuong sai s& thyc cta 18 ca do 12 gio
theo v§ do, kinh do, do cao 14n luot 14 : 0,383 m,

0,260 m, 1,098 m va cla cac ca do 24 gio 1a :
0,411 m, 0,159 m, 0,358 m. Vi 18 ca do, do 16n
cha cac dai lugng ndy co thé dugc coi 13 cing mot
bac.

Bdng 4. Sai s6 thuc cua cac ca do 24 gid

Diém Toa do theo phuong phép tuyet doi Toa d6 chinh xéc Hiéu (m)

Vy do (") Kinh do () Do cao (m) Vydo () Kinh do (") D6 cao (m) _dLa dlo dH
DONI1 53.33982 3.53362 177,400 5332183 3.532255 177328 -0.556 -0,039 -0,072
DON1 53.32652 352118 177,959 53.32183 3.532255 177.328 -0,145 0,317 -0,631
DONI1 53.33769 3.52917 177,588 - 5332183 3.532255 177328 -0,491 0,088 -0,260
DON1 53.33951 353637 177,502 53.32183 3.532255 177328 -0,547 -0,1 18 -0,174
HAM1 51.56603 781574 295,603 5 1.56763 7.818232 295232 0,050 0,071 -0,371
HAM1 51.56435 7.80794 295435 .5 156763 7.818232 295.232 0,095 0,295 -0,203
HAMI1 51.57086 78161 295495 5 1.56763 _ 7.818232 295,232 -0,100 0,061 -0,263
HAMI 51.56878 7.8 1721 295,537 5l 56763 1.818232 205232 -0,035 0,029 -0.305
LEM1 30.00617 4297552 557,774 ° 2998453 4297104 557.718 -0,669 -0,129 -0,056
LEM1 29.97814 42977 556,616 2998453 42.97104 557.718 0,197 -0,171 1,102
LEM1 29.99891 42.96645 557,808 2998453 42.97104 557718 -0,445 0,132 -0,090
LEM1 30.00395 4297178 557.965 29.98453 4297104 557718 -0,601 -0,021 -0,247
NGAl 4.07946 3298442 533,907 4.059556 32.98399 533775 -0,615 -0,012 -0,132
NGAl 4.06827 3297626 533.451 4.059556 32.98399 533775 -0,269 0,221 0.324
NGAl 4.07227 3298388 533,766 4.059556 3298399 533,775 -0.393 0,003 0,009
NGAl 4.07912 3298753 533815 4.059556 32.98399 533775, -0.605 -0,101 -0,040
TAU2 41.21943 7.69179 794,093 4121447 7.687558 793986 -0,153 -0,122 -0,107
TAU2 4122474 769837 794,200 41 21447 7.687558 793986 -0318 -0311 -0,214

RMS 0411 0,159 0,358
KET LUAN 4. Bing phuong phép tuyét d6i, sai s6 thuc cia

1. D& tinh canh, ciing nhu x{r 1y s0 lieu GPS
cdn thiét phai xac dinh toa do tuyet ddi tren WGS-
84 ciia it nhat mot diém trong lugi voi do chinh
«hc cdn thigt nhim dép (g cc yeu cdu cha nhiém
vu tric dia dat ra.

2. Toa do tren WGS-84 cha diém co thé xac
dinh bing viéc do ndi voi cac diém GPS co s8, néu
diéu kiéen thuan loi (phuong an 1).

3. Hien nay voi sy phat trién cha Internet cling
nhu cic dich vu IGS hodn toan cb kha nang do ndi
Vi cac diém IGS quéc t& dé xéac diuh toa 4o diém
voi sai s6 vi tri diém cd mot vai centimet (phuong
4n 2). Phuong 4n nay nhiéu khi €0 thé thuan loi va
kinh t& hon phuong 4n 1, vi chi cén sir dung 1 may
thu chir khong phai 2 may (va vi vay tiét kiem
duoc 6 10, thiét bi, nhan luc, céc cong tac lién hé
chudn bi, lien lac hiép d6ng).
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toa do diém dat xdp xi 1m, sai s6 nay c6 thé noi
hoan toan dap témg dugc cho viee tinh canh. Boi
vay, tuy tinh hinh cu thé cha nhiém vu tric dia co
thé lua chon phuong phip nay dé xic dinh toa do
diém (phuong an 3). Tat nhién néu ap dung phuong
4n ndy nen luu ¥ t6i do dai ca do dé dat dugc higu
qué cao nhat.

Neén b tri it nhat mot may co ca do dai co 10-
12 gid (vi mot vai gio ddu toa do con dao dong
16n), dé c6 thé tinh duge toa do wyet 46 trong doi
8n dinh ; song cling khong nen kéo dai ca do qué
24 gio vi sau do do tin cay cta toa do gin nhu
khong d6i. Du do tin cdy ¢6 kém hon phuong an 1
va 2, song phuong an 3 dé thyc hien, chi dung mot
may (uu diém hon phuong 4n 1) va ap dung noi
chua cé diéu kien khai thac Internet (uu diém hon
phuong an 2).



Tren day I cic s6 lieu khdo sit vé do tin cay
xac dinh toa do tren WGS-84 va mot 56 ban luan
co ban nhdt. Ching toi hy vong, trén co s3 d6 co
thé va nén chon phuong 4n tdi vu nham dap ang
yeu cdu ctia nhiém vy tric dia, ciing nhu cic di€u
kién kinh phi, thdi gian, phuong tién, nhan luc cu
thé.

Cong trinh dugc hoan thinh voi su hé tro kinh
phi cua Hoi dong Khoa hoc ty nhien.
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SUMMARY

Discussion on the absolute coordinates determinated
by GPS in WGS-84

In this paper some questions concerning the
determination of absolute coordinates in WGS-84
were investigated.

Based on the results of data processing some
conclusions can be made follow :

- Today by relative method we can carry out
measurement with the IGS point and use Internet
service to determinate coordinates in WGS-84.

- In order to determine coordinate of points by
absolute method, there is no need to make session
longer than 24 hours, because after 24 hours
coordinates of point are not subject to change. The
duration of session can be shortened to 10-12
hours depending on request.

- The data and results in this paper can be
useful on selection of methods for determining
absolute coordinates in order to fulfil the technical
and economical request.
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