TAP CHi PHAT TRIEN KH&CN, TAP 12, S0 18 - 2009

PINH VI PIEM PON BANG GPS HIEN NAY CO THE PAT PQ CHINH XAC BAO
NHIEU?

Nguyén Ngoc Liu
Truong Pai hoc Bach Khoa, PHQG-HCM
(Bai nhdn ngay 06 thang 10 ndm 2008, hoan chinh swa chita ngay 15 thang 04 nam 2009)

TOM TAT: Chuing téi khao sat do chinh xdc dinh vi diém don bc%ng céng nghé GPS khi khai thac
cdc san pham chinh xdc cia dich vu IGS (International Geodynamic Service) va dp dung nhitng mé
hinh mdi nhdt vé chuyén dich tram do ctia dich vu IERS (International Earth rotation service). Két qua
thuc hién trén 9 tram do cia mang ludi IGS cho rhd:v d6 chinh xdc dinh vi diém cé thé dat Smm & mét
b&ng, 10mm ¢ dg cao khi xir ly dif liéu do tinh 24h, va khoang 1 dm khi xit Iy di¥ liéu do dong 24h. D¢
chinh xdc nay lam chung ta phai xem xét lai kha ndng va nhitng ing dung mdi cua phiong phdp dinh vi

diém.
1.GIOI THIEU

Pinh vi diém don c6 nhitng wu diém nhat
dinh so vdi dinh vi tuyét d6i nhu chi cin mét
may thu, khong bi rang budc vé khoang cach
hay s lugng vé tinh chung, thuit toan xir ly
don gian hon, vv. Tuy nhién voi viéc xir ly tri
do mi P hay C/A c¢6 d6 chinh xéc thép tir 0.3-
3m din dén do chinh xac dinh vi tr 5-15 m,
dinh vi diém thuong duoc gidi han trong cac
tng dung d9 chinh xéc thip nhu dinh vi tau
thuyén trén bién, phuc vu du lich va giai tri, vv.

Cho dén gin day, nho sy nd luc tir nhiéu
phia, d6 chinh xic dinh vi diém don da duoc
cai thién dang ké. Tir d6 hinh thanh nén khai
niém “dinh vi diém don chinh xac cao”
(Precise Point Positioning — PPP). Theo mét sb
tai liu, PPP c6 thé dat do chinh xac vai cm khi
do tinh [2, 5, 6, 8, 9, 11, 12, 14] va dao dbng
trén/dudi 1 dm khi do déng [1, 2, 8,9, 11, 14].

Trong bai bdo nay ching t6i s€ gidi thiéu
nhimg tién b6 méi nhit cia céc thanh phén
khac nhau trong birc tranh chung vé dinh vi
diém don nhu: céc san phidm dich vu IGS danh
cho dinh vi diém don, phuong phap xir ly dir
liéu va cac mé hinh s6 hiéu chinh phuc vu diém
don. Véi nhirng tién b nay, ching t6i danh gia
lai d6 chinh x4c dinh vi diém don khi do tinh
va khi do dong bing cac may hai tin sb tai mot
s6 tram IGS thuong truc.

2.CAC SAN PHAM CUA DICH VU IGS

Dich vu IGS (viét tit ctia International
Geodynamics Service) bdt diu hoat ddng tir
nam 1992, da va dang cung cép mién phi cho
nguoi sir dung cic san pham lién quan dén dinh

vi GPS chinh xidc cao tai website
http://igscb.jpl.nasa.gov.

Trong d6 quan trong nhat va phuc vu truc
tiép cho dinh vi diém don 1a ban lich vé tinh
chinh xac va s6 hiéu chinh dong hd vé tinh.
Nhitng san pham nay ngay cang dwoc cai thién
vé dé chinh x4ac. Hién nay theo IGS, d6 chinh
xac dat dugc nhu sau

Bing 1. C4c san phim va d¢ chinh x4c ciia IGS

San pham IGS Do chinh xac
Ban lich SP3 <5cm
S6 hiéu chinh déng hd vé <0.1 nsec
tinh 2-8 TECU
D6 tré dién ly thién dinh 4 mm
D6 tré d6i luu thién dinh

Anh huténg cta sai s6 qui dao vao d6 chinh
xac dinh vi diém don cé thé uéc luong bing
cong thuc [18]:

Sai s6 dinh vi = PDOP x sai sé qui dao

)

Vi cdu hinh vé tinh hién nay PDOP c6 gia
tri trung binh khoang 2.0 thi anh huéng cia sai
s& qui dao vao @6 chinh xac dinh vi <1 dm. Sé
hiéu chinh ddng hd vé tinh anh hudng truc tiép
vao ca hai tri do khoang cach pha hay ma. Theo
bang trén anh huéng phan du con lai sau khi
hiéu chinh déng hd vao tri do khoang céch la
nho hon 3cm.

3.MO HINH XU LY PIEM PON

Hién nay trong da sd cac tai liéu, nguoi ta
thudng chon trj do pha va ma két hop trén 2 tin
s6 (con goi 14 L; va Py) [3, 6, 9]. Ca hai loai trj
do nay c6 wu diém la khong bi dnh hudng cia
tng dién ly. Chi khi sir dung cac may thu mot
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tan sb, ngudi ta méi bude phai xur Iy céc trj do
trén 1 tan s6 [7].

Céc tham s6 thuong chon trong md hinh
chic néng 12 toa do méy thu (X,Y,Z), s6 hiéu
chinh ddng ho may thu (dt), téc d6 ddng ho
(Vdt), do tré dién ly thién dinh (dion), d6 tré
déi luu thién dinh (dtrop) va tham s6 da tri (b).
Khi sir dung tri do L; va P, ta c6 thé bé qua
dion. Néu thanh 1ap tri do hleu don giita cac vé
tinh, tham so dt va Vdt s& bj khir di. Ngoai ra
trong mot s6 mé hinh, dé tao didu kién thuan
loi cho xir Iy ddng, ngudi ta con bd sung vao
cac tham sé van toc cia mdy thu (Vx,Vy,Vz)
[3,7.

Viéc lua chon md hinh sai s6 cho cac tri do
GPS rét quan trong vi né tac dong dén két qua
xir ly, déc biét la thanh phan do cao [13]. Nhiéu
mo hinh sai sé da duoc dé nghi, va chon lya
mo hinh nao ciing cin phai ¢6 nhiing khao sat
can than. Trong nghién ciru nay chiing t6i sir
dung md hinh théng dung nhit 1a

Oy

m— (03
sing

Trong d6 € 1a goc cao vé tinh,

4.CAC SO HIEU CHINH CHO PINH VI
PIEM DON

Céc sb hiéu chinh cho dinh vi diém don c6
thé chia lam 3 loai: s6 hiéu chinh lién quan vé
tinh, s hiéu chinh lién quan mdy thu va sé cai
chinh vao tri do khoéng céch

Cac sb hiéu chinh lién quan vé tinh bao
gom:

- S6 hiéu chinh déng hd vé tinh: ta c6 thé
nhén dugc tir IGS véi d6 chinh xdc tét hon
0.1ns, tuong duong véi 3cm.

- D léch va bién déng tdm pha anten:
truée ddy ngudi ta chi quan tdm dén d¢ léch
gilta tdm pha anten so voi trong tdm cua vé tinh
va bo qua sy bién dong tim pha anten. Hién
nay md hinh anten méi nhét cua IGS c6 tén 1a
IGS05_1402 di bao gdm ca do bién dong tam
pha ctia anten vé tinh.

Céc sb hiéu chinh lién quan may thu bao
gbém:

- P léch va bién dong tdm pha anten: sir
dung mé hinh IGS méi nhét IGS05_1402

- Dich chuyén tram do do c4c hién tuong
triéu: Nhfmg mod hinh méi nhét cua dich wvu
IERS vé su dich chuyén tram do theo cac hién
twong triéu dwoc cho trong [15] véi d6 chinh
xdc vai mm, bao gbm dia tridu (solid Earth
tide), thily triéu (ocean tide), va cuc tridu (polar
tide).

D6 thi & hinh 1 biéu dién su chuyén dich
cua 1 tram do IGS (PIMO) trong khoang thoi
gian 24 gid duéi anh hudng téng hop cua cic
hién tuong triéu. Trong do chuyen dich theo
phuong dimg (Up) la déng ké nhét, c6 thé dat
dén mirc 0.3m. Do do6 anh huong nay nhat thiét
phai dugc hiéu chinh néu ching ta mubn dat
dén do chinh xac cm.
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Hinh 1. Dich chuyén tram do theo huéng Béc (North), Dong (East) va phuong dimg (UP) do hién tugng triéu
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S& hiéu chinh vao tri do khoang cach bao
gbm:

- Do tré dién ly: Néu sur dung tri do L3 va
P3 thi khéng cin quan tim dén s6 hiéu chinh

nay. Déi voi may thu 1 tin sé co thé ding sb
hiéu chinh nay tir dich vu IGS.

Tram do PIMO
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Hinh 2. D tré déi luu thién dinh (trén) va cac thanh phin gradient (dudi)

- Do tré d6i luu: Co thé ding sb hiéu
chinh nay tir dich vu IGS hoiic coi né nhu la
mét tham sé trong xit ly. Thuc té cho thdy cach
thir hai cho d§ chinh x4c cao hon. Vi ngoai d6
tré thién dinh, nguoi ta con khao sat ca thanh
phén gradient huéng Béc va huéng Déng [16).

Hinh 2 1a két qua xir 1y d6 tré dbi hru tai 1
tram IGS (PIMO) trong th&i gian 24 gio. So
sanh voi s liéu nhan dugc tir dich vu IGS ta
thdy chiing léch nhau vii cm (ctra sb trén).
Trong khi dé céc thanh phén gradient (cira sb
dudi) co thé dao dong dén 4 mm.

- S hiéu chinh do dinh hudéng anten: cac
vé tinh GPS truyén song radio phén cuc tron
phai, va do d6 tri do pha thu dugc s& phu thudc
vao sy dinh hudng tuong ddi giira cac anten vé
tinh va may thu. Viéc xoay anten vé tinh hay
may thu xung quanh truc ciia né s& lam pha
song tai thay dbi téi da la mét chu ky, tuong
duong véi khoang 2 dm trong tri do khoang
cach. Wu trong [17] da mo ta ky hién tuong
nay va dong thoi ciing cung cdp cong thirc dé

tinh ra s6 hiéu chinh nay thich hop cho da sé
cac trudong hop.

5.00 LIEU GPS DUNG TRONG XU LY

Dir liéu dung cho viéc khao sat va danh gia
d6 chinh xéac ctia PPP 14 dir liéu GPS tai 9 tram
do IGS vao ngay 1-5-2007. Céc tram nay phan
b6 theo vi d6 va nim gin kinh tuyén di qua
Viét Nam (xem hinh 3). Tai cac tram nay,
ngudi ta trang bi cdc may thu GPS 2 tin sb
chinh xac cao, téc dd thu dir liéu la 30 gidy va
goc ngudng duoc cai }a 5°. Dir liéu GPS nay c6
thé duoc tii mién phi tr website
http://sopac.ucsd.edu.

Toa db trac dia chinh xac cta cac tram do
trong hé ITRF2005 dugc cho trong bang 2.
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Hinh 3. Vi trf cdc tram 1GS ding trong khao sat

Bang 2. Toa do tric dia cua cac tram IGS ding
trong khao sat

Ham anh xa doi leu GMF

Ban lich vé tinh I1GS sp3
S6 hiéu chinh ddng hd vé tinh | 1GS 30s
Chuyén dich tram do IERS 2003
MB& hinh sai s6 trj do GPS Go/sing

Tén Vidé Kinh d¢ Cao do
ellip (m)

TSKB | 36°06°20.4465 | 140°05°14.9870
KUN w ” 67.2664

M | 25°01°46.3383 | 102°47'49.9064 | 1986.222
WUH » » 9

N 30°31°53.9490 | 114°21°26.1464

PIMO 25.8774
COCO | 14°38°08.5911 | 121°04°39.8318
KARR » » 95.5308
PERT ) .
TIDB | 120117180471 | 96°50°02.2027~ | 3352834
) s 12.7044
ocgs Bt 665.3446
20°58'53.1453 | 115°53°06.9067 | ©410 00
- 148°58°47.9953
31°48°07.0726 ”
" 147°26719.4452

35°23°57.1325

42°48'16.9616

6.DANH GIA PO CHINH XAC PINH VI
PIEM PON

Trude tién ching t6i xr ly dir liéu & muc 5
theo ché d§ do tinh. Céc cai dat trong xur ly
dugec cho trong bang sau

Bang 3. Céc cai dat cho xir ly

Noi dung Cai dat
Tri do dung trong xir ly PsvalL,
Goc ngudng vé tinh 5e
D§ dai dir ligu 24 gioy
Xirly d§ tré dbi luu thién dinh | Random walk cap nhat
va gradient 15 phat

Tide P3{8STP=1.22)

Fhan du (m)

Prian oo (o)

Hinh 4. Phin dur cia cAc tri do trong xir Iy tinh tram PIMO

Bang 4 thé hién su khéc biét gira gia trj xir
ly cua toa d6 cua céc tram do va gid tri toa do
chinh xdc cia ching & bang 2. Trong khi hinh
4 minh hoa cho phén du ciia céc tri do tai tram
PIMO. Dua vao két qué ctia bang 4, ta c¢6 nhén
xét 1a d9 chinh xdc mat bing dat dugc khoang
5 mm, trong khi thanh phan dé cao tot hon
lem.
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Bing 4. D6 léch va sai s6 trung phuong toa do
trong xir ly tinh 24h

biém AN(mm) AE(mm) AU(mm)
TSKB -3 +3 -4
KUNM -2 +5 0
WUHN -3 +4 +11
PIMO 0 -6 -5
COCO 0 -7 +7
KARR 0 -1 +6
PERT +1 -5 +3
TIDB -1 +4 +11
HOB2 -3 -1 -5

SSTP 1.9 4.4 6.7

Ciing van nguén dir liéu trén, ching toi
chuyén sang xir Iy & ché do dong. Tuc la sé
tinh dugc toa do tram do & timg thoi diém thu
dit liéu. Trong 24 gi¢ téng cong c6 2880 gid tri
toa do cua tram do. Khi so sénh véi toa do
chinh xéc, ta tinh dwoc sai s trung phuong
theo cac thanh phin huéng Bic (N), Pong (E)
va d6 cao (U) theo bang 5. Hinh 5 mo ta sai s6
cac thanh phan toa do tram HOB2 & mdi thoi
diém thu dir liéu. Theo nhig két qua nay do
chinh xac mat bing va do cao c6 thé dat duge
tdt hon 1 dm.

Narth (m)

=
&=

=

East {(m)

a5

Up (m)

Thot gian (gio)

Hinh 5. Sai s6 toa do tram do trong xir Iy dong tai HOB2

Bang 5. Sai s6 trung phuong toa dd trong xir ly

déng 24h
Piém SSTP (cm)
N E U

TSKB 3.8 2.8 4.1
KUNM 5.9 6.9 11.6
WUHN 3.7 4.9 10.3
PIMO 2.4 6.4 6.3
KARR 3.1 4.3 4.1
PERT 25 6.6 5.7
COCO 2.0 2.7 4.7
TIDB 3.3 46 5.9
HOB2 1.7 2.1 42

TB 29 4.6 6.3
7.TOM TAT VA KET LUAN

Chiing t6i da trinh bay tém tit nhimg tién
bd moi nhét cua cac thanh phén tham gia vao
viéc dinh vi diém chinh xdc cao. Véi nhiing
tién bo nay, hién nay chiing ta hoan toan c6 thé
dat dugc do chinh x4c tot hon 5 mm cho mit
béng va 1 cm cho d9 cao khi do tinh 24 gio.
Piéu nay khién chung ta phai nhin nhéan lai kha
nang cua dinh vi diém, cliing nhu xem xét lai
nhiing (tng dung c6 thé ciia n6 trong thyc té. Vi
du nhu xéac dinh cac tham sb chuyén doi toa do
cta hé toa do dia phuong khi khoang cich dén
cac diém IGS thuong truc qua xa, hay dinh vi
céc diém khéng ché trén cac dao xa dét lién.

D6 chinh xdc dinh vi diém déng ¢ mirc 1
dm c6 thé tham gia vao cic img dung nhu do
chi tiét dia hinh, khao st dia hinh day song
bién. Tuy nhién ciing can chu y rang day khong
phai 1a két qua nhén dugc & thoi gian thuc nhu
RTK hay DGPS ma chi nhén dugc tir hiu xir ly
sau khi da nhén duoc ddy du cac san phdm cén
thiét tir dich vu IGS.
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HOW ACCURACY GPS PRECISE POINT POSITIONING CAN BE ACHIEVED?

Nguyen Ngoc Lau
University of Technology, VNU-HCM

ABSTRACT: We estimate the accuracy of GPS point positioning when using the most recently
IGS products and applying the newest IERS models of station displacements. The processing results on
9 IGS stations show that accuracies of 5 mm in the horizontal and 10mm in the vertical can be achieved
when processing 24h of static data, and about 10 cm when processing 24h of kinematic data. These
accuracies make us to re-consider capabilities and new applications of GPS point positioning.

TAI LIEU THAM KHAO

[1]. Chen W., C. Hu, Z. Li, Y. Chen, X.
Ding, S. Gao and S. Ji, Kinematic GPS
Precise Point Positioning for sea level
monitoring with GPS buoy, Journal of
Global Positioning System, Vol. 3. No.
1-2:302-307 (2004).

[2]. Colombo O., A. W. Sutter, A.G.
Evans, Evaluation of Precise, Kinematic
GPS Point Positioning, Proceesings of
ION GNSS 2004, 17" Int. Tech. Meeting
the Institute of Navigation, pp 1893-
1901 (2004).

[3]. Deo M.N., K. Zhang, C. Robert,
N.C. Talbot, An investigation of GPS
Precise Point Positioning Methods, The
6" International Symposium on Satellite
Navigation Technology Including
Positioning and Local  Services,
Melbourne-Australia (2003).

[4]. Gao Y., I.F. McLellan, and M.A.
Abousalem, Single-Point GPS
Positioning Accuracy Using Precise
GPS Data, The Australian Surveyor,
Vol. 42, No. 4, pp 185-192 (1997).

[5]. Han S.-C,, J.H. Kwon, C. Jekeli,
Accurate absolute GPS positioning
through satellite clock error estimation,
Journal of Geodesy, 75: 33-43 (2001).

[6]. Kouba, J.,, and P. Heroux, Precise
Point Positioning using IGS Orbit and
Clock Products, GPS Solution, Vol. 5,
No. 2, pp. 12-28 (2001).

[7]. Le A.Q. and C. Tiberius, Single-
[frequency precise point positioning with

optimal filtering, GPS solution, 11: 61-
69 (2007).

[8]. Natural Resources Canada, On-line
Precise Point Positioning ‘How To Use'
Document (2004).

[9]. Ovstedal O., N.S. Kjorsvik and
J.G.O. Gjevestad, Surveying using GPS
precise point positioning, Shaping the
Change XXIII FIG Congress, Munich-
Germany (2006).

[10]. Satirapod C., C. Rizos, and S. Han,
GPS single point positioning: an
attractive alternative, Paper presented at
the 4" Int. Symp. On Satellite
Navigation Technology & Application,
Brisbane, Australia (2000).

[11]. Wichayangkoon B., Elements of
GPS precise point positioning, Ph.D.
Thesis submitted at the University of
Maine, 265pp (2000).

[12]. Zumberge J.F., M.B. Heflin, D.C.
Jefferson, M.M. Watkins, and F.H.
Webb, Precise point positioning for the
efficient and robust analysis of GPS data
from large networks, Journal of
Geophysical Research, Vol 102, No B3,
5005-5017 (1997).

[13]. Jin S., J. Wang, and P.H. Park, 4n
improvement of GPS height estimation:
stochastic modeling, Earth Planet Space,
57, p. 253-259 (2005).

[14]. Beran T., Single frequency, single
receiver terrestrial and spaceborne point
positioning, Technical report No 257,
Department of Geodesy and Geomatics
Engineering,  University of New
Brunswick, Canada (2008).

Trang 30



TAP CHi PHAT TRIEN KH&CN, TAP 12, SO 18 - 2009

[15]. McCarthy D., and G. Petit, /ERS
Conventions, International Earth

Rotation and Reference System Service -

(IERS), 127pp (2003).

[16]. Bar-Server Y.E., P. Kroger, and
J.A. Borjesson, Estimating horizontal
gradients of tropospheric path delay with
a single GPS receiver, Journal of
Geophysical research, Vol. 103, No. B3,
pp 5019-5035 (1998).

[17]. Wu J.T.,, S.C. Wu, G.A. Hajj, W.I.
Bertiger, and S.M. Lichten, Effects of
antenna orientation on GPS carrier
phase, Manuscipta Geodetica, 18, pp.
91-98 (1993).

[18]. Rizos C., Principles and Practice of
GPS Surveying, School of Geomatics
Engineering, the University of New
South Wales, Sydney, Australia (1996).

Trang 31



