Nghién citu

XU HUONG PHAT TRIEN PHUONG PHAP PPP DUA TREN
MANG LUOI CAC TRAM CORS

HA MINH HOA
Vien Khoa hoc Po dac va Ban ao

Tém tit:

S phat trién nhanh phiong phap PPP trong xit Iy cdc dir liéu GNSS trén co sé khai théac hiéu
qua cac tram CORS la xu huéng dang dwoc cac nie6e nghién cieu va phat trién tir nam 2000 dya
trén vigc phat trién manh mé cdc mang luoi cac tram CORS va s dung cac dich vu cua 16 chire IGS.
Phirong phéap PPP ¢6 wu diém la cho phép dinh vi nhanh diém GNSS trong vong 30’ véi dé chinh
xdc ¢ mikc dm dén cm. Pdy la xu hwéng can phat trién ¢ Viét Nam dé thic day cong tac nghién ciru,
ing dung va giang ddy vé cong nghé GNSS ¢ Viét Nam.

1. Pit van dé

Viéc xtr ly cac dir liéu GNSS voi cac khoang
cach 16n khi sir dung cac dich vy cua td chue
IGS (International GNSS Service) trong ITRF
(International Terrestrial Reference Frame),
chung ta phai giai quyét nhiéu van dé khoa hoc
— k¥ thuat nhu t6 chirc cac dir liéu GNSS theo
cac nhoém do véi viéc chon mot vé tinh 14, vé tinh
base, va mdi khi vé tinh base ldn phai tién hanh
chon lai nhom vé tinh (gap) mdi, thuong xuyén
hiéu chinh cac ) hiéu chinh déng hd cac v¢ tinh
va anh huong do bién thién cua tang dién ly va
cac hiéu ung dia dong luc khac, cai tinh do anh
huéng cua ting dbi lwu, su trugt chu ky song
mang va quy nguyén khi giai da tri .v.v... Dbi
voi d0 chinh xac cao thoi gian thu tin hiu
thuong doi hoi mét vai ca do 24h.

Nhu vay dé dat duge d6 chinh xac & mirc dm
dén cm thuong yéu can do nhidu ngay dém. Doi
hoi nay lam cho thoi gian thu tin hi€u v¢ tinh voi
muc dich nhan duogc két qua xu ly GNSS d¢
chinh x4c cao mat kha nhiéu thoi gian.

Mat khac cong nghé GNSS ciling c6 nhitng
nhuoc diém co ban nhu anh hudng cia hién
tuong da duong truyén do cac vat can xung
quanh tram thu tin hiéu vé tinh va su bién thién
cta tAng dién ly trong qué trinh do dac GNSS
dén cac tri do GNSS. Céac anh hudéng nay khong
cho phép nhan dugc 101 giai Fixed khi giai da tri

theo céc hiéu trj do kép va s& gdy ra cac sai so hé
théng trong cac do cao tric dia nhan dugc tur
cong nghé GNSS. Bé khic phuc cac nhugc diém
néu trén trong qua trinh x1r Iy cac dir liéu GNSS
nguoi ta phai sir dung thém mo hinh ngau nhién
(stochastic model) dudi dang phan khong tham
s6 (non — parametric) dugc xac dinh dudi dang
cac ham duge lam tron bién thién cham theo thoi
gian va trién khai theo ky thudt nira tham sé
(semi — parametric and penalised least squares
techniques), k¥ thuat mo hinh hoa ngiu nhién
lap (iteractive stochastic modeling technique)
hodc cach tiép can dya trén song nho (wavelet —
based approach) (Satirapod, C., J. Wang, and C.
Rizos, 2003). Céc k¥ thuat nay thuong duogc su
dung trong cac phan mém xur Iy dit liéu GNSS
hién dai nhu Bernese, GAMIT/GLOBK .v.v...

Sy ra doi cua to chie IGS tryc thudc IERS
vao thang 8 nam 1989 tai Edinburgh (Vuong
qudc Anh) mo ra mét ky nguyén méi trong viée
tng dung cong nghé GNSS (xem chi tiét trong
Ha Minh Hoa, Nguyén Ngoc Lau, 2013). Mang
ludi cac tram IGS (dén ngay 31/12/2017 da c6
505 tram IGS bao phu toan cau) két hop voi cac
mang luoi VLBI, SLR, LLR, DORIS dugc st
dung dé xac dinh cac tham sé dinh vi Trai dat
(Earth Orientation Parameters - EOP) nhu gio
toan thé giéi UTI, cac toa do ciia CEP so véi
IRP (cuc quy chiéu IERS), chuong dong va tué
sai dam bao viéc chuyén cac toa do cua cac vé
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tinh tir khung quy chiéu sao quéc té (ICRF) vé
khung quy chiéu Trai dat quc té ITRF va dinh
Vi géc ctia ITRF chinh x4c vao tAm vat chit Trai
dét khi tinh dén sy dich chuyén cta tim vat chat
Trai dat v6i tbc do 1 mm/1 nam, xac dinh cac toa
do chinh xéc cua cac tram IGS trong ITRF, xac
dinh lich v¢ tinh chinh xac, nghién ctru chuyén
dich cia cac mang kién tao .v. v...

Cac Trung tam phan tich IGS hién nay bao
gém Vién Thién van tryc thuéc Truong dai hoc
tong hop Bern (Thuy Si); Trung tim diéu khién
vii try Chau Au nam ¢ CHLB Puc; Trung tim
phan tich FLINN tryc thudc Co quan Cac ngudn
Tai nguyén thién nhién cua Canada (NRCan);
Phong thi nghiém phan luc (JPL, NASA, MyY);
Co quan Dich vy Tric dia qudc gia (NGS, My);
Trung tdm SOPAC thudc Vién Pai duong hoc
clia truong Pai hoc tong hop Califonia (San
Diego, M¥y).v.v... Trung tdm SOPAC — mot
trong 7 trung tdm phén tich ctia IGS c6 cac chirc
nang st dung phan mém GAMIT tinh toan lich
cac v€ tinh GNSS chinh xac dya trén cac di liéu
GNSS thu duogc tir 0 — 24h tor khoang 45 tram
IGS va cung cdp cho ngudi st dung toan ciu
duéi dang dir liéu RINEX, cac toa do va cac tde
do thay ddi toa do cua céc tram IGS trong ITRF,
tinh cac tham s6 dinh vi Trai dét, tinh cac d6 léch
cia chudi thoi gian.v.v... Pdi v6i nudec My,
SOPAC trién khai mang ludi tric dia GPS
thuong truc (PGGA) thudoc mang ludi GPS tich
hop Nam California va mang ludi cac tram
CORS trén toan linh thd nudc M.

Bén canh chtic nang duy tu, bao tri va hi¢u
chinh khung quy chiéu Trai dat qudc t& ITRF vao
céc thoi diém chuin khi tinh dén su chuyén dich
cua cic mang kién tao va cac hién tuong dia
dong Iyuc khac, t6 chirc IGS con cung cép cac san
phém dich vu cong nghé GNSS nhu céc toa d
khong gian cua cac tram IGS véi do chinh xac ¢
mirc + 2 cm va cac toc do thay ddi cia ching
theo thoi gian trong ITRF hién hanh, lich cac vé
tinh GNSS chinh xac ¢ cac mtc + 2,5 cm, + 5
cm, = 10 cm, cac s6 hiéu chinh céc df”)ng hd vé
tinh GNSS, céac tham sb dic trung cho d% tré
tang d6i luu phuong thién dinh (TZPD), cac

tham sb chuyén céac toa d6 khong gian giira cac
ITRF duoc xac dinh vao cac thoi diém chuan
khac nhau.

Phong thi nghiém phan luc (JPL) xac dinh
ndi dung dién tir téng lwong (TEC) trén 1m?
dudng truyén tin hiéu ¢ tang dién ly sau mdi 5
phut tir khoang 100 tram thu GDGPS thoi gian
thuc nho phép loc Kalman trong hé dinh vi Mat
troi. Ban d6 TEC toan cau duoc sir dung trong
qué trinh xtr 1y cac dir liéu GNSS va phat trién
cong nghé VRS. Ngoai ra JPL con thanh 1ap lich
DE (Development Ephemeris) cho cac hanh tinh
thudc hé Mat trdi, dac biét doi voi Mit tring,
Miat trdi dé tinh dén anh hudng hién tuong tridu
Trai dat dudi strc hat cia Mt tring va Mit troi
dén vi tri cac tram thu cac tin hiéu GNSS trong
qua trinh xur Iy cac dir liéu GNSS.

Céc san pham dich vu do t6 chirc IGS cung
cap 1a co so dé phat trién cic mang ludi GNSS
d6 chinh xac cao trén pham vi 16n dap Gng cac
yéu cau trién khai cac nhiém vu nghién ciru cac
hién tugng dia dong lyc dién ra trén bé mat Trai
dat va phat trién cac hé quy chiéu khong gian ¢
cac quoc gia. DBac biét, Vlec phat trién cac mang
ludi cac tram CORS co gan két voi cac tram IGS
& cac nudc khong chi hd trg cho t6 chirc IGS
phat trién mang ludi cac tram 1GS dé thuc hién
cac chtic nang ciia minh, ma con tao diéu kién
cho cac nudc thuc hién cac nhiém vu néu trén
dua trén ITRF.

O Chau Au t6 chirc EUREF ciing trién khai
hé ETRS89 tuong ty nhu ITRF. Vao nam 1987
Tiéu ban 1.3a ctia Hoi Trac dia qudc té IAG (sau
nay dugc goi 1a T6 chic Khung Trai dat quy
chiéu chau Au — EUREF) di quyét dinh phat
trién Hé thong quy chiéu Trai dat Chau Au
ETRS89 dya trén cong nghé GPS (Ihde J.,
Bruyninx C., 2008). ETRS89 Ia h¢ toa do khong
gian Trai dat du:orc xady dung dua trén ellipsoid
GRS80. Vao cubi thap ky 80 cua thé ky XX,
ITRF ra doi dudi su quan ly, diéu hanh cua t6
chirc IGS truc thudc to chie Dich vu quay Trai
dat (IERS). Do d6 EUREF quyét dinh phat trién
ETRS dya trén ITRF. Tuy nhién do anh hudng
cua chuyén dong kién tao, cac toa do cua cac

2 TAP CHi KHOA HOC DO DAC VA BAN PO SO 42-12/2019



Nghién citu

diém & cac nudc EU thay dbi cham véi téc do
2,5 em/1 nam, nén vao nam 1989 tai HOi nghi
cua EUREEF tai Firenze (Italia) da quyét dinh céac
diém gbc (datum) ciia ETRS89 dugc bd tri trén
phan 6n dinh cua lanh thd EU vao thoi diém
chuan 1989.0 dua trén mang ludi thudong truc
GNSS EUREF duoc xac dinh trong ITRF. Tong
cong 38 nudc EU véi khoang gan 100 cac hing,
cac trudng Pai hoc tong hop di tham gia vao
mang ludi thuong truc GNSS EUREF. Mang
lu6i ndy gom 218 tram GNSS thudng truc, trong
do 80 tram GPS/GLONASS, 87 tram IGS.

Viée phdi hop gitta cac t6 chic IGS va
EUREF thuc diy viéc ung dung cong nghé
GNSS khéng chi trong linh vuc Tric dia — Ban
d6, ma con trong nhiéu linh vuc khoa hoc — k¥
thuat, kinh té - x4 hoi khac.

Theo tai liéu (GNSS Solutions: Network
RTK and Reference Station Configuration), trén
tram CORS ludn c6 san cac dir liéu:

Céc dir liéu differential GPS (DGPS) dé xac
dinh vi tri thoi gian thyce trén thuc dia;

Dir liéu RTK dé xéc dinh vi tri thoi gian thuc
trén thuc dia;

Dir liéu RINEX duoc str dung dé xac dinh vi
tri nho xu 1y sau.

Trong trudong hop tram CORS gin két véi cac
tram IGS, dit liéu RINEX duoc st dung dé phat
trién céc mang ludi GNSS d6 chinh xac cao dya
trén cac san pham dich vu do t6 chtc IGS cung
cap.

Nhu vay mang ludi cac tram CORS ¢ céac
qudc gia thudng duoc chia thanh hai phan: Mot
phan dugc st dung dé hd trg cac to chirc
IGS/EUREF thyc hién cac chirc nang ctia minh,
mot phan duoc st dung cho cac muc dich qudc
gia.

Nhitng san pham dugc cung cip boi IGS
cung v6i mang ludi cac tram CORS quéc gia da
tao tién dé quan trong dé phat trién phuong xéac
dinh vi tri (dinh vi) diém do chinh xac (Presice
Point Positioning) nham tang nhanh viéc nhan

duogc cac két qua do chinh xac cao trong ITRF
(trong vong 30 phut).

Phuong phap xéac dinh vi tri (dinh vi) diém d6
chinh x4c (Presice Point Positioning) ban chat 1a
phuong phép dinh vi diém tuyét d6i dugc xéac
dinh tr cac vé tinh GNSS c¢6 cac toa do khong
gian da biét do chinh xéc cao.

Dich vu cung cip cac toa do khong gian va
céc s hiéu chinh di‘ing hd vé tinh d6 chinh xac
cao clia cac vé tinh GNSS 1a tién d& dé phat trién
phuong phép dinh vi diém véi muyc dich xac dinh
vi tri cua mot tram thu don doc vdi dd chinh xac
tr mirc dm dén cm dua trén cic két qua do
GNSS va cac dich vu néu trén.

Cac dich vu néu trén nhan duoc:

Tu Trung tam xu 1y cac dit liéu GNSS cutia cac
mang ludi CORS hoac NRTK-CORS;

Tir t6 chirc IGS thong qua cac san pham bo
sung siéu nhanh (ultra — rapid products) bao gom
cac toa do khong gian véi do chinh xac & mic £
3 cm va cac sd hiéu chinh dong hé vé tinh véi do
chinh xac & mac + 0.2 ns cua cac vé tinh GNSS
sau khi thu cac tin hiéu tir cac vé tinh GNSS
trong vong 3h hodc cac san pham bo sung nhanh
(rapid products) bao gdm céc toa d6 khong gian
v&i d6 chinh x4c & muc + 2.5 cm va cac s6 hiéu
chinh dong ho vé tinh véi do chinh xac & mirc +
0.1ns cua cac vé tinh GNSS sau khi thu cac tin
higu tir cac v¢ tinh GNSS trong vong 7h.

Pé dat dugce do chinh xac & muc cao hon dm,
ngoai viéc sir dung lich vé tinh chinh xéc, cac s6
hiéu chinh déng hd vé tinh, cac sb hiéu chinh
tang d6i luu khé, cac tri do gia cuc ly va pha phai
duogc hiéu chinh boi d6 1éch anten vé tinh, hiéu
mg tridu Trai dit cing, strc tai dai duong, cac
tham s6 quay cta Trai dit va hiéu tng tim sai
twong d6i va hidu tng Sagnac (El-Diasty, M., M.
Elsobeiye, 2015). Trong thuc té 4p dung phuong
phap PPP d¢ xac dinh vi tri may thu,
ching ta co thé dat dugc do chinh xac & mic cm
khi str dung static mode va & mirc dm khi st
dung linematic mode v6i thoi gian do khoang 30
minutes (Bisnath, S., and Y. Gao, 2009). Hién
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nay, ngoai cac dich vu GNSS cua td chire IGS,
mot trong nhitng yéu té phat trién phuong phap
PPP 1a sy ton tai da vé tinh GNSS (multiple
GNSS) nhu GPS, GLONASS, GALEO, COM-
PASS. Pay 1a yéu té dam bao c6 du sb luong vé
tinh dé xu 1y dir liéu GNSS trong khi thoi gian
do rat han ché chi trong vong 30 phut. PPP
(Precese Point Positioning) 1a k¥ thuat xac dinh
vi tri d6 chinh xéac cao khi chi sir dung mot may
thu dua trén lich vé tinh chinh xac va sd cai
chinh déng ho vé tinh chinh xac di biét trong
thoi gian thuc (Farah,A., 2017). Ky thuat PPP
duoc phat trién nho cac dich vu cung cép lich vé
tinh chinh xac va sd cai chinh dong hd vé tinh
chinh x4c boi to chirc IGS (Kouba, J., Héroux,
P., 2001; IGS (2017)) va céc t6 chirc khac va sy
xuat hién cac hé théng da vé tinh trén thé gii.
Véi viéc phat trién manh mé cua viée ap dung
phuong phap PPP trong thoi gian thuc, to chiic
IGS di cung cap Dich vu thoi gian thuc (IGS —
Real Time Service — IGS-RTS). Nhiéu phan
mém trién khai phwong phap PPP duoc phat
trién, vi du CSRS-PPP ctia Co quan Tai nguyén
Canada (Canadian Spatial Reference System —
Precise Point Positioning), GAPS (GPS Analysis
and Positioning Software) ciia Rodrigo Leandro
(University of New Brunswick), APPS
(Automatic Precise Positioning Service) cua
Phong Thi nghi¢m phén luc (Jet Propulsion
Laboratory — JPL) .v.v..

Khi ap dung phuong phap PPP dbi véi cac tin
hidu vé tinh mot tan s6 L, ngoai lich vé tinh va

sb hiéu chinh dong ho vé tinh d6 chinh xac cao
chung ta con can dich vu cac s6 hiéu chinh tﬁng
dién ly. The (Farah,A., 2017), CSRS — PPP (the
Canadian Spatial Reference System — Precise
Point Positioning) dam bao cung cip cac quy
dao vé tinh chinh xac va cac cai chinh déng ho
vé tinh chinh xac ddi voi cac GPS/GLONASS
cho cac tri do gia cu ly va pha cua céc song mang
L, va L, hodc tri do gia cu ly ciia song mang L,
tir t6 chirc IGS; cac s6 cai chinh tang dién ly dbi
v6i song mang L, duoc tich hop tir ban do dién
ly toan cau vé6i khoang thoi gian 2h trong format
IONEX ciia to chirc IGS véi d¢ chinh xéc & mirc

+2 — 8 TECU (sai s6 khoang 30 cm — 1 m); to
hop dién ly tuyén tinh bac 2 cho cac trj do hai tan
sb; cac do 1éch tam pha v¢ tinh va may thu trong
IGS ANTEX; céc sb cai chinh tﬁng ddi luu duge
tinh theo mé hinh Hopfield véi ham anh xa GMF
(Global Mapping Function).

Khi ap dung phuong phap PPP dé xir Iy cac
song mang hai tan s L, va L, ngudi ta sir dung
rong rai song mang tu do dién ly L; (Héroux, P.,
J. Kouba, 2001; El-Diasty, M., M. Elsobeiye,
2015; Ocalan, T., 2016; Krzan, G., and P.
Przestrzelsk, 2016). Khi d6 chung ta chu yéu chi
can cac dich vu to hop dién ly tuyén tinh bac 2
cho céc tri do hai tan sb; cac do 1éch tam pha vé
tinh va may thu trong IGS ANTEX.

Trong bai bao khoa hoc nay s€ trinh bay mot
s6 van d& can ddy manh nghién ctru nhim phat
trién cong nghé GNSS ¢ nudc ta khi dd c6 mang
ludi cac tram CORS.

2. Giai quyét van dé

2.1. Céc sin phim ciia té chirc IGS va cdc
to churc khac

Khi x4c dinh vi tri diém boi mot may thu, tir
cac dir liéu GNSS thu dugc, theo (GPS-SPS
(2008)), do cac sai sb trong lich vé tinh dﬁ)ng hd
v¢ tinh, anh hudng cua tang dién ly, tang 6i lu’u
hién twong da dudng truyén va cac nguon sai s6
khac, do chinh xac cua vi tri mat bang chi dam
bao < 13 m va dd chinh xac cia do cao chi dam
bao <22 m.

Do d6 dé xac dinh vi tri diém boi mot may
thu voi do chinh xac cao ¢ muc tir dm dén cm
phai sir dung cac dich vu GNSS do t6 chirc IGS
cung cip.

Theo (Kouba, J., Héroux, P., 2001), lich v&
tinh IGS cudi cung (Final) duoc két hop tir cac
két qua tinh toan cua 7 trung tdm phan tich IGS
va ¢6 san sau 11 ngay. Lich vé tinh IGS nhanh
(Rapid) dugc két hop sau 17 h, con lich vé tinh
IGS Ultra-rapid c¢6 san sau khi do vai gio. Do
chinh xac cua lich vé tinh va s6 cai chinh dong
hd vé tinh do t6 chirc IGS cung cip duoc trinh
bay chi tiét trong (Ha Minh Hoa, Nguyén Ngoc
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Lau, 2013’ Kouba, J., Héroux, P, 2001; IGS
(2017)).

Ngoai cac dich vu vé lich vé tinh chinh xac va
céc sb hiéu chinh déng hd vé tinh chinh xéc, td
chtre IGS con cung cap nhidu dich khac. Ching
ta s€ nghién ctru cac dich vu nay.

Cac d¢ léch tam pha anten v¢é tinh

Céac toa do vé tinh chinh x4c va cac sd hiéu
chinh d6ng ho vé tinh chinh xac cta IGS dugc
quy chiéu vao tdm vat chat ctia vé tinh, trong khi
do6 cac quy dao v¢ tinh trong Thong bao dao
hang ctia vé tinh lai quy chiéu vao tim pha anten
(Kouba, J., Héroux, P., 2001). Tuy nhién cac tri
do GNSS lai dugc tinh tir tdim pha anten. Do d6
dé quy chiéu cac tri do GNSS vao tam vat chat
ctia vé tinh, ching ta can phai biét cac do léch
cua tam pha vé tinh so voi tam vat chét cua vé
tinh (xem Hinh 1).

Céc tam pha cua tuyét dai da s6 vé tinh 1a cac
dd 1éch trong vat thé véi truc z hudng xuéng Trai
dat, con truc X hudng vé phia Mit troi va nim
trong mat phang chia Mit troi (Kouba, J.,
Héroux, P., 2001). Quy dinh IGS dbi voi cac do
1éch (don vi mét) cua tdm pha anten trong khung
quy chiéu ¢ dinh cua vé tinh:

X Y Z
Block II/IA: 0,279 0,000 1,023
Block IIR: 0,000 0,000 0,000

-

f

% hwdng vE Mt tedi
_ Tam vatchat
Tam pha anten cia vé tinh

ciz vé tinh -

Hinh 1

Hién nay, theo (Krzan, G., and P. Przestrzelsk,
2016), cac do léch tam pha anten v¢ tinh khong
can hiéu chinh, boi vi cac quy dao va cac s6 hiéu
chinh dong hd vé tinh dugc sir dung da quy chiéu
vé tim pha anten vé tinh.

Hiéu chinh sy kich dong pha

Theo (Kouba, J., Héroux, P., 2001), vé tinh
phat song vo tuyén phan cuc tron bén phai
(Right Circularly Polarized — RCP) va cac tri do
pha phu thudc vao dinh hudng 1an nhau giira vé
tinh va may thu. Sy quay cua anten v¢ tinh quanh
truc cua no6 lam pha thay ddi di mot chu ky, Hiéu
ung nay duoc goi la sy kich dong pha (phase
wind — up) (Wu, J,T., S.C. Wu, GA. Hajj, W.I.
Bertiger, and S.M. Listen, 1993).

Néu méy thu c¢b dinh, thi n6 s& khong quay va
duogc dinh hudng quy chiéu (ludn 13 hudng Bic).
Tuy nhién quan h¢ hinh hoc may thu — v¢ tinh
thay ddi do vé tinh chuyén dong. Do vi tri Mat
troi thay doi trén duong Hoang dao (eclipse),
nén v¢ tinh thuong Xuyén phai dinh huong lai
cac panel pin mat troi vé phia Mat troi. Diéu nay
duoc goi 1a “noon” (khi duong thing tir Mt troi
cit vé tinh trudc, sau do cit tAm trai dét) va
“midnight turns” (khi duong thang tir Mt troi
cit tam trai dét trudc, sau d6 cit vé tinh). biéu
nay dugc miéu ta la sy quay anten di mot goc
nho hon 30°. Cac dir li¢u do pha phai hi¢u chinh
do hiéu rng nay (Bar-Sever, Y.E., 1996).

Theo (PPP standards), khi mudn dat d6 chinh
xac + 4 cm voi chiéu dai baseline 4000 km, s6
hleu chinh kich dong pha c6 y nghia. Vlec bo qua
s6 hiéu chinh nay co thé gay ra sai sb trong viéc
xac dinh IGS quy dao vé tlnh/dong ho vé tinh &
mirc dm. K& tir nim 1994, cac Trung tim phan
tich IGS da sir dung s6 hiéu chinh kich dong pha
dé xac dinh IGS quy dao vé tinh/d(‘ing hd vé tinh.

Trong tai liéu (Ha Minh Hoa, Nguyén Ngoc
Lau, 2013) di trinh bay nhiéu cong thic hiéu
chinh cac hién tuong dia dong luc, vi du Triéu
trai dat cung, Tridu cuc trai dat, Hiéu ng sirc tai
ap suét khi quyén va Hiéu ng strc tai dai duong.
Bén canh viéc tinh dén cac hién tuong néu trén,
viéc tinh dén Anh hudng cua ting d6i luu va
Anh huéng cua ting dién ly ciing duoc trinh bay
chi tiét trong tai liéu trén.

Nhu da trinh bay trong (Ha Minh Hoa,
Nguyén Ngoc Lau, 2013), sy cham thoi gian
(thoi tré) tmyén tin hi€u v¢€ tinh trong tﬁng dién
ly dugc gay ra do sy c6 mat cua cac dién tir tu
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do. Su cham thoi glan neu trén ty 1¢ nghich véi
binh phuong cta tin sb song mang. Theo
(Lachapelle G., Falkeyberg W., Newfelli D. and
Kielland P.,1989) trong phuong phap do GPS
tuong ddi, hiéu cac sb cai chinh do thoi tré &
tang dién ly ddi voi cac tri do GPS tir hai diém
dau cua baseline phu thudc vao trang thai ctua
tang dién ly trong khoang thoi gian thu tin hiéu
vé tinh va khoang cach giita hai diém do.

Mot sb két qua nghién ctru di chi ra ring
chiéu dai baseline 3 km & vi d6 trung binh 1a gigi
han thuc té cta viéc st dung may thu mot tan sd
va khong cai chinh do anh huong cua tang dién
ly (Medvedev P.P., Baranov L. S., 1992).

Do su bién thién bit ngd khong du doan
trudc dugc cua t?mg dién ly, nén vao nam 1985
céc nha trac dia doi hoi phai sir dung may thu hai
tan sb trong do dac d6 chinh xac cao. Tuy nhién
khi d6 van con anh huéng tang dién ly bac cao
va su anh hudng nay khong bi triét ti€u boi viéc
st dung cac dir liu do GPS trén hai tan so.
Trong céc t6 hop tuyén tinh ciia céc tri do GPS
hai tan s6 anh huong tang dién ly quan hé manh
v6i cac tri nguyén da tri. Do do6 cac to hop tuyén
tinh nay khong dai dién cho sy anh hudng thuan
tuy ctia tang dién ly. Viéc tinh dén sy anh huong
clia tang dién ly dén cac két qua do GNSS duogc
céc nha tric dia quan tam dac biét.

Chiing ta nghién ctru sdu thém vé tang dién
ly. Nhu da trinh bay trong (Ha Minh Hoa,
Nguyén Ngoc Lau, 2013), song mang khong bi
anh huong cua tang dién ly 1a song mang va dé
giai da tri ching ta két hop cac tri do va

Hién nay phuong trinh song mang khong bi
anh hudng cua ting dién ly 1 song mang dugc
su dung rong rai trong phuong phap PPP. Viéc
két hop cac tri do va duoc st dung dé giai da tri
trong qua trinh xtr ly cac dir liéu GNSS theo
phuong phap PPP.

Cac files dir liéu cia IGS
Format name IGS Product/Sampling
RINEX GPS Data/ 30 s

RINEX Clock Sat./Sta. Clock/5 min/30s
sp3 Orbits/Clocks/ 15 min.

IGS ERP Format IGS ERP/ 1 day
INEX Sta. Pos.(ERP) / 7(1) day
SINEX-tropo ext. Tropo. ZPD 2 h/5 min
IONEX Iono. maps/sat DCB 2 h

Phwong phap quy nguyén cic tri nguyén
da tri

D6i voi cac song mang hai tan s6, viéce giai da
tri (Ambiguity Resolution) dugc thyc hién nho
cac phuong trinh hiéu kép ctia cac song mang L4
va Ls theo phuong phap binh phuong nho nhét
(xem Ha Minh Hoa, Nguyén ngoc Lau, 2013).
Trong truong horp nay, cac tri nguyén da tri duoc
xac dinh la cac s thuc va c6 cac gia tri rat gan
véi cac sb nguyen Viéc quy nguyén dugc thu:c
hién truc tiép khai cac gia tri tuyet dbi cua sb
thuc cua tri nguyén don tri va sai sO trung phu-
ong cua né nho hon 0.15 chu ky (Talbot N. C.,
1991). Khi chung ta khong thuc hién dugc viée
quy nguyén, 101 giai tri nguyén da tri la 101 giai
Float va cho céc két qua xac dinh cac thanh phan
clia cac vecto baseline véi do tin cdy thap. Khi
chung ta thuc hién thanh cong viéc quy nguyén,
161 giai tri nguyeén da tri 1a 101 giai Fixed va cho
cac két qua xac dinh cac thanh phan cua céc
vecto baseline véi do tin cay cao.

Tuy nhlen trong truong hop xur ly cac dir ligu
GNSS mét tan s trén cac canh ngan (khong 16n
hon 20 km), céc tri nguyén da tri dugc giai tir cac
phuong trinh hiéu kép cia song mang L, theo
phuong phap binh phuong nhé nhat, cac tri
nguyén da tri duoc xac dinh la cac s6 thue va ¢
cac gia tri chénh kha 16n so véi cac s6 nguyén
twong tng. Do d6, dbi v6i viée quy nguyén cac
tri nguyén da tri trong truong hop xu 1y cac du
liéu GNSS mot tan sb trén cic canh ngin tre
thanh véan dé k¥ thuat phtc tap.

Chung ta s& nghién ctru mot s6 phuong phap
quy nguyén céc tri nguyén da tri trong tm0’ng
hop giai da tri dbi v6i cac song mang mot tan s6
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(L) trén cac khoang cach ngan.

Phuong phiap Tw quy nguyén (integer
Bootstrapping)

Déi voi cong nghé GNSS, hé phuong trinh s6
cai chinh cua cac tri do pha dugc biéu dién dudi
dang (Teunissen, P., Joosten, P,, and Tiberius, C.,
2002):

V+y=Aa+Bb+e (1)

0 day y - vecto cac tri do hiéu kép cua cac tri do
pha va c6 kich thuéc m; V - vecto cac sb cai
chinh cua cac tri do hiéu kép cua cac tri do pha;
a va b 1a cac vecto an sb can tim vdi cac kich
thuéc n va p mot cach tuong Ung; e - vecto
nhiéu.

Vecto y luon chua cac tri do hiéu kép “duoc
do trir di dugc tinh” mot tan sé (single), hai tin
s6 (dual) hodc tan sé boi (triple - frequancy). Khi
vecto a la cac tri nguyén da tri hi¢u kép, thi no
dugc biéu dién trong don vi chu ky thay cho don
vi mét. Vecto a 1a cac s6 nguyén vaa = 7", § ddy
Z 1a khong gian nguyén n chiéu. Vecto b chira
cac an s6 con lai nhu cac higu kép cua cac cu ly
hinh hoc, cac tham s6 d6 tré khi quyén (d6i luu,
dién ly). Vecto b 1a cac s thuc vab = Re . Qyla
ma trdn tuong quan cua vecto'y.

Bai toan giai da tri d6i voi hé phuong trinh
(94) dugc thuc hién qua 03 bude. O budce 1, khi
giai hé (1) theo nguyén tic binh phuong nho nhat
tiéu chuan 770! 7 = min. ching ta nhan dugc cac
vecto nghiém chira cac sé thyc L@i‘f dudi dang:

al |9 9|40
5 o, o 7o

ba b

B ()

va ma tran tuong quan

% 9y
95 Qsl
o day
Q; Oy| |4'074 407B 3
0. o B'oj'4 B'o;'B

ba b

Vecto nghiém 4 la vecto cua cac sb thuc va
duoc goi la vecto nghiém “dong - float” va
khong dat dugc do chinh xéc cao. O bude 2, véi
muc dich nhan dugc nghiém “xac dinh - fixed”
v6i d6 chinh xac cao, chiing ta phai bién doi dé
tri nguyén da tri dong 4 thanh tri nguyén da tri la
gia tri nguyén a.

Chung ta giai quyét bai toan trén dudi didu
kién min((}—('f)T.Q;.(ff—ﬁ)vé’l aez".V&i muc dich
quy nguyén vecto d khi ton tai phép anh xa M:
R"——» Z" dé chuyén khong gian thyc n chiéu R”
sang khong gian nguyén Z" chling ta co:

a=Mlal. acZ", aeR".

Do cac thanh phan cua vecto d phu thudc
nhau rat chit, nén qué trinh lam tron can phai
tinh dén sy phu thudc néu trén. Trong tai liéu
(Teunissen P, 1998) da dé xuat qué trinh tu quy
nguyén nhu sau:

(_"BJ = l(:’]J-

ag, = (}rﬂn—]]:|:(}?? _E Gﬁnﬁﬂ; 'G‘;r'lf -((:’;'|f _GB=i.]:|*
& day ky hiéu [.] c6 nghia 1a 1am tron dén s6
nguyén gan nhét; %, 1a tri nguyén da tri thir i
duoc xac dinh tir cc tri nguyén da tri duoc lam
tron o cac budc trude, con [ = {1,...,n-1}; chi $6
B la viét tat cta chir Bootstrapping. Diéu kién
lam tron 1a ‘

yy —dp;

Quy trinh ty quy nguyén néu trén dugc st
dung trong phuong phap TCAR (Three - Carrier
Ambiguity Resolution) dwoc dé& xuat dé xu Iy
cac dit liéu GALILEO (Forsell B., Martin -
Neira M., and Harris R., 1997; Vollath U.,
Birmbach S., and Landau H., 1998) va phuong
phap CIR (Cascading Integer Resoluion) d6i vé6i
cac dir liéu GPS (Hatch R., Jung J., Enge P., and
Pervan B., 2000; Jung J., Enge P., and Pervan
B., 2000).

Ngoai ra, nhiéu phuong phap khac duoc sir
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dung rong rai, vi du Phuong phap binh phuong
nho nhat nguyén (Integet Least - Squares
Method); phuong phap LAMBDA (Least-squa-
res AMBiguity Decorrelation Adjustment - Binh
sai [am giam sy tuong quan cua cac tri nguyén
da tri theo phwong phéap binh phuong nho nhat).

3. Két luan

Dé trién khai phuong phap PPP, chung ta can
chuan bi kha nhiéu kién thirc méi vé& cong nghé
GNSS. Do d6 dé phat trién cong ngh¢ GNSS
trong thoi gian toi, viéc nghién clru va trang bi
nhiéu kién thire méi 1a diéu rat can thiét nhdm
ung dung manh m& cong nghé GNSS trén co so
khai thac hiéu qua mang ludi cac tram CORS
hién ¢6.0Q

Tai liéu tham khao

[1]. Alber A.R., Rocken C. and Solheim F.,
1997. GPS surveying with Imm precision using
corrections for atmospheris slant path delay.
Geophysical Research Letters, 24, 1850-1862,
1997.

[2]. Bar-Sever, Y.E., 1996. A new module for
GPS yaw attitude control. Proceedings of 1GS
Workshop — Special Topics and New Directions,
eds. G. Gendt and G. Dick,
GeoforschunsZentrum, Potsdam, pp. 128-140.

[3].Bevis, M., Businger, S., Herring, T.A.,
Rocken, C., Anthes, A. , Ware, R.H., 1992. GPS
meteorology: Remote Sensing of atmospheric
water vapor using the Global Positioning

System. Journal of geophysical Research,
97(D14), 15787 — 15801.

[4]. Beutler, G., Bock, H., Brockmanu, E.,
Dach, P., Frides, P., Gurtner, W., Hugentobler,
U., Ineichen, D., Johnson, J., etc., 2001. Bernese
GPS software version 4.2, Astronomical insti-
tute, University of Berne, January-2001.

[5]. Bisnath, S., and Y. Gao, 2009. Precise
Point Positioning — A Poweful Technique With a
Promising Future. GPS World, 51 p., 2009 April.

[6]. Blewitt, G., 1994. Atmospheric Loading
Effects and GPS Time—averaged Vertical

Positions AGU 1994 Spring Meeting, EOS,
Transaction, American Geophysical Union, Vol.
75, No 16 Supplement, PP. 104 - 105.

[7]. Brunner, F. K. , Trogoning, P., 1994,
Tropospheric propagation Effects in GPS height
results using meteological observation. Aust.
J.Geod.photogam.Serv, No 60, June, pp.49-65.

[8]. Chang, C. C., 1999. Geophysical effects
on site diplacements for parmanent GPS track-
ing stations in Taiwan, Geomatics Research,
Australia, No 71, Dec., PP. 1-18.

[9]. Chardlow, P.J., 1994. Propagation effects
on precise GPS heighting. PH.D. thesis.
Univercity of Notingham. Institute of engeineer-
ing surveying and space geodesy. 221p. 1994.

[10]. Chen, J. I., C.R. Wilson, R.J. Eanes and
R.S. Nerem, 1999. Geophysical interpretation of
observed geocenter variations. Jour. of geophys-
ical Research, Vol. 104, No B2, PP. 2683 - 2690,
February.

[11]. Chen, G, Herring, T.A., 1997. Effects of
atmospheric azimuthal asymmetry on the analy-
sis of space geodetic data. Journal of geophysi-
cal Research, 102(B9), 20489 — 20502.

[12]. Collins, P., Langley, R., 1999.
Tropospheric delay: prediction for the WAAS
user, GPS world, 52-58, 1999.

[13]. Davis, J.L., Elgered, G., Niell, A.E.,
Kuchn, C.E., 1993. Ground — based measure-
ment of gradients in the “ wet “ radio refractiv-
ity of air. Radio Science. 28(6), 1003 — 1018.

[14]. Davis, J.L., 1986. Atmospheric propa-
gation effects on radio interferometry. AFGL —
TR — 86 — 0243, Air Force geophysic
Laboratory.

[15]. De Jonge, P.J., and Tiberius, C.C.J.M.,
1996. The LAMBDA method for integer ambi-
guity estimation: implementation aspects.
Publications of the Delf Geodetic Computating
Centre, Technical trport LGR Series, Nol2,
August 1996. Delf University of Technology,
The Netherlands.

8 TAP CHi KHOA HOC DO DAC VA BAN PO SO 42-12/2019



Nghién citu

[16]. Duan, J., Bevis, M., Chiswell, S.,
Businger, S., Rocken, C., Solhem, F., Hove, T.V.,
Ware, R.H., McClusky, S., Herring, T.A., King,
R., 1996. GPS meteorology: Direct estimation of
the absolute value of precipitable water. Journal
of applied meteorology, 35, 830 — 838 .

[17]. El-Diasty, M., M. Elsobeiye, 2015.
Precise Point Positioning Technique with IGS
Real — Time Service (RTS) for Maritime
Applications. Positioning, 6, 71-80.
http://www.scrip.org/journal/pos.  http://dx.
doi.org/10.4236/p0s.2015.64008

[18]. Farah, A., 2017. Variation of static —
PPP positioning accuracy using GPS-single fre-
quency observations (Aswan, Egypt). Artificial
Satellites, Vol. 52, No. 2, pp.19-26, doi:
10.1515/arsa-3017-0003.

[19]. Forsell, B., Martin - Neira, M., and
Harris, R., 1997. Carrier phase ambiguity resolu-
tion in GNSS-2. In Proceedings ION GPS-97,
pp. 1727 - 1736.

[20]. Gipson, J. M. and Ma, C., 1998. Site
Diplacement due to variation in Earth Rotation.
Jour. of Geophysical Research, Vol. 103, No. B4,
PP. 7337 — 7350, 1998.

[21]. GPS-SPS (2008). GPS Standard
Positioning Service (SPS) specifications.
http://www.gps.gov/technical/ps/2008-SPS-per-
formance-standard.pdf

[22]. Gurtner, W., Beutler, G., Botton,
S.,,Rothacher, M., Geiger, A.,Kable, H.G,
Schneider, D., Wiget, A., 1989. The use of the
Global Positioning System in Mountainous
Areas, Manuscripta Geodaetica, 14 : 53-60

[23]. Ha Minh Hoa, Nguyén Ngoc Lau, 2013.
Nguyén 1y ly thuyét va thyc tién cta Tric dia vii
tru. Nha Xuét ban Khoa hoc va Ky thuat, 276
trg., Ha No6i - 2013.

[24]. Ha Minh Hoa, 2018. Mot s6 van dé hién
dai cua Trac dia vat 1y, 964 trg.(Sach chuyén
khao). ISBN: 978- 604-67-1116-2, Nha xuat ban
Khoa hoc va K¥ thuat.

[25]. Hatch, R., Jung, J., Enge, P., and
Pervan, B., 2000. Civilian GPS: The benefit of
three frequencies, GPS Solution, 3 (4), 1-9.

[26]. Héroux, P., J. Kouba, 2001. GPS Precise
Point Positioning Using IGS Orbit Products.
Phys, Chem. Earth (a), Vol.26, No. 6-8, pp. 573-
578.

[27]. Hofmann —  Wellenhof, B.,
Lichtenegger, H., and Collins, J., 1994. Global
Positioning System. Theory and Practice. Third,
revised edition. Springer - Verlay - New York.
April - 1994,

[28]. IGS (2017). International GNSS
Service (IGS) products.
http://igscb.jpl.nasa.gov/components/prods.html

[29]. Thde, J., C. Bruyninx, 2008.
Developments of the EUREF GNSS Services
and Reference Networks. ICG-03 Meeting, §-12
December 2008, Pasadena, USA.

[30]. Jung, J., Enge, P., and Pervan, B., 2000.
Optimization of cascade integer resolution with
three civil GPS frequencies. In Proceedings of
ION - GPS 2000, Salt Lake City, UT, US4, pp.
2191 - 2200.

[31]. King, R. W., Master, E.G.,, Rizos, C.,
Stolz, A., Collins, J., 1985. Surveying with
Global Positioning System - GPS, The universi-
ty of New South Wales, Australia.

[32]. Kouba, J., Héroux, P., 2001. Precise
point positioning using IGS orbit and clock
products. GPS Solutions. 5(2): 12-28.

[33]. Krzan, G, and P. Przestrzelsk, 2016.
GPS/GLONASS Precise Point Positioning With
IGS Real - Time Service Products. Acta Geodyn.
Geomater., Vol. 13, No. 1 (181): 69-81. doi:
10.13168/AGG.2015.0047.

[34]. Lachapelle, G., Falkeyberg, W.,
Newfelli, D. and Kielland, P., 1989. Marine
DGPS using code and carrier in a multipath
environment, Proceedings of the second
International Technical Meeting of the Satellite
Division of Institute of Navigation, P. 343-347.

TAP CHi KHOA HOC DO DAC VA BAN DO SO 42-12/2019 9



Nghién citu

Colorado Springs. Colorado, USA, September.

[35]. MacMillan, D.S., 1995. Atmospheric
gradients from Very Long Baseline
Interferometry observations. Geophysical
Research Letters,. 22, 1041 — 1044.

[36]. MacMillan, D.S., Ma, C., 1997.
Atmospheric gradients and VLBI Terrestrial and
Celestial Reference frame. Geophysical
Research Letters , 24(4) , 453 — 456.

[37]. Mecarthy, D. D., 1996. IERS coven-
tions. International Earth Rotation Services.
Technical Note 21, Obervatoire de Paris. 1996.

[38]. Mendes, V.B. and Langley, R.B., 1994.
“A Comprehensive analysis of mapping function
used in modeling tropospheric propagation delay
in space geodetic data”, International
Symposium on Kinematic systems in Geodesy,
Geomatics and Navigation, Canada, August 30-
September 2, 1994,

[39].Monico, J. F. G, V. Ashkenazi , and T.
Moore, 1997.“High Precision GPS Network
with Precise Ephemerides and Earth Body Tide
Model”. Revista Brasileira de Geofisica, 15(2),
155-160.

[40]. Niell, A.E., 1996.“Global mapping
functions for the atmospheric delay at radio

wavelengths”, Journal of geophysical research,
vol 101, No B2, pages 3227-3246.

[41]. Ocalan, T., 2016. Accuracy Assessment
of GPS Precise Point Positioning (PPP)
Technique Using Defferent Web-based Online
Service In a Forest Environment. Prethodno pri-
opcenje — Preliminary communication. Smarski
list, 7-8: 357-368.

[42]. PPP standards.
www.navipedia.net/indes.php/PPP_standards

[43]. Rodrigo F. Leandro, Langley, R.B. and
Santos, M.C., 2007. “UNB3m_pack: a neutral
atmosphere delay package for radiometric space
technique”, GPS solution.

[44]. Saastamoinen, J., 1972. Atmospheric
correction for the troposphere and stratosphere

in radio ranging of satellites. In : Use of artifi-
cial satellites for Geodesy. Geophysical
Monograph , 15 , Americal Geophysical Union,
Wasington D.C.

[45]. Satirapod, C., J. Wang, and C. Rizos,
2003. Comparing different GPS data processing
techniques for modeling residual systematic
errors. J. Surv. Eng., 129 (4), 129-135.

[46]. Tralli, D.M., Lichten, S.M., 1990.
Stochastic estimation of tropospheric path
delays in Global Positioning System geodetic
measurement. Bulletin geodesique, 64 , 127 —
159. 1990.

[47]. Talbot, N. C., 1991. “Sequential Phase
Ambiguity Resolution for Real Time Static
Differential GPS Positioning”, Manuscripta
Geodaetica, 16, 274- 282.

[48]. Teunissen, P., 1993. Least-squares esti-
mation of the integer GPS ambiguities. In /4G
General Meeting, Invited Lecture, Section IV
Theory and Methodology, Beijing, China.

[49]. Teunissen, P., 1995a. The invertible
GPS ambiguity transformations. Manuscripta
Geodeticae, 20, 489-497.

[50]. Teunissen, P., 1995b. The Least -
squares ambiguity decorrelation adjustment: a
method for fast GPS integer ambiguity estima-
tion. Journal of Geodesy, 70, 65 - 82.

[51]. Teunissen, P., 1998. Success probability
of integer GPS ambiguity rounding and boot-
strapping. Journal of Geodesy, 72: 606 - 612.

[52]. Teunissen, P., 2001. GNSS ambiguity
bootstrapping: Theory and application. In
Proceedings of: International Symposium on

Kinematic Systems in Geodesy; Geomatics and
Navigation, Banff, Canada, pp. 246-254.

[53]. Teunissen, P., Joosten, P,, and Tiberius,
C., 2002. A comparision of TCAR, CIR and
LAMBDA GNSS ambiguity resolution. ION
GPS 2002, 24-27, September, Portland, OR, pp.
2799-2808

(Xem tiép trang 50)

10 TAP CHi KHOA HOC DO DAC VA BAN PO SO 42-12/2019



