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TOM TAT

Cac Vé tinh dia tinh thudc hé thong ting
cwong SBAS khong nhitng truyén sé cdi chinh
ma con cung cdp ca mA CIA va ban lich vé tinh
dia tinh trén tan so L1. Lic ndy, Vé tinh dia tinh
SBAS gidng nhur vé tinh GPS cung cdp tri do gid
cu ly dén nguoi dimg. Pdc diém cia tri do ndy
la n6 luén thuong truc Vi Cac Vé tinh dia tinh
khéng di chuyén. Hién nay, sé lwong vé tinh dia
tinh cia hé thong SBAS da gia tang ding ke.
Pdy ¢é thé [a nguon bé sung tri do gid cu ly

cho hé thong GPS. Bai béo trinh bay cac khao
sat nham danh gid kha nang cdi thién dé chinh
xdc trong dinh vi diém khi xir Iy két hop tri do
Cia cdc vé tinh dia tinh thudc hé thong SBAS va
Vé tinh GPS. Viéc khao sat chi thuc hién trén ngi
dung danh gia sw déng gop Cua cdc vé tinh dia
tinh vao cau hinh dinh vi. Két qua cho thay chi
6 PDOP c6 thé cdi thién tir 1.2 dén 1.7 lan khi
xr Iy két hop..

Tir khéa: GPS, SBAS, dinh vi két hop, cdi thién do chinh xac

1. GIOI THIEU

SBAS (Satellite Based Augmentation
System) la hé théng dinh vi ting cudng dua trén
co s& vé tinh. Noi cach khac, ddy 1a hé thong
dinh vi GPS vi phan dién rong duoc phét trién
va dua vao st dung tr khoang nam 2003. H¢
théng SBAS bao gdm mang ludi cac tram tham
chiéu va hé thdng phat tin hiéu cai chinh trén
dién rong thong qua cic vé tinh vién thong dia
tinh. C4c Vé tinh dia tinh trong hé thong SBAS
khong chi phat cic tin hiéu cai chinh ma con
cung cap tri do gia cu ly tuong tw nhu cac vé
tinh GPS. Néu chung ta khao sat danh gia duoc
do tin cay cua cac tri do nay. Day sé 1 tién dé
tao nén co so 1y thuyét cho viéc dinh vi két hop

gitra cac trj do cua vé tinh GPS va tri do vé tinh
dia tinh cua SBAS. Diéu ndy s& gép phan quan
trong trong viéc cai thién do chinh xac dinh vi
khi s6 Iuong tri do dwoc bd sung dang ké.

Trong bai bao nay, ching téi tap trung vao
viéc ching minh kha nang cai thién d6 chinh
xéac khi két hop GPS va SBAS duya vao chi sd
DOP va gia st chat luong tri do SBAS va GPS
la nhu nhau. Viéc khéao sat @6 chinh xac cuia tri
do SBAS s& dugc trinh bay trong mot bai bao
khéc.

2.CO SO LY THUYET
2.1 Tin hiéu L1 ciia vé tinh SBAS
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Cac vé tinh dia tinh cia SBAS khong
nhitg phat tin hiéu cai chinh ma con phat ca
lich v¢ tinh dia tinh va C/A-code trén tan sé
L1(caa GPS). Vi tan sb phat gidng nhu tan sb
cua vé tinh GPS cho nén may thu GPS cua
ngudi st dung c6 thé thu va giai mé, cung cip
tri do gia cu ly tir vé tinh SBAS dén may thu
[1], [3]. Lic nay vé tinh dia tinh tré thanh mot
Vé tinh dinh vi twong ty nhu vé tinh GPS cung
cap bd sung mot ngudn tri do khoang cach gia
tor may thu dén vé tinh dia tinh. Céc vé tinh dia
tinh khong di chuyén nhu cic vé tinh GPS nén
tri do nay luon thuong truc trong khu vyc do.

Vi @b hinh phan bé cua hé théng SBAS
hién nay, ) Iwong vé tinh dia tinh hoat dong
trén quy dao xich dao da 1én téi khoang 13 vé
tinh (s lwong nay s& tang khi cac hé thong khac
dugc hoan thién) va dugc phan bd bao phu toan
cau (Hinh 1). Tai mot diém bét ky s& thu nhén
dugc it nhat tir 2-3 trj do cla v¢ tinh dia tinh.

Diéu nay lam gia ting dang ké sb luong tri do
thu dugc tai tram thu.
2.2 Tri do vé tinh SBAS

Giéng nhu vé tinh GPS, mdi vé tinh dia
tinh ciia hé thong SBAS dugc gan mot ma gia
ngau nhién theo thir tu (Pseudo Random Noise —
PRN). Vi thé, s hiéu vé tinh ciing duoc ky hiéu
kém PRN (vi du: PRN127, PRN139...).

Viéc thu va giai ma céc tin hiéu déu ding
céc ky thuat twong tu nhu di véi tin hiéu GPS.
Déi véi cac may thu GNSS c6 kha ning thu tin
hiéu SBAS thi file tri do c6 dugc tir qua trinh
thu bao gom file tri do (observation) chira cé tri
do cua cac vé tinh GPS va SBAS (Hinh 2), file
ban lich vé tinh GPS (navigation) chtra cac
thdng s6 quy dao vé tinh GPS, file ban lich vé
tinh SBAS (SBAS Navigation) chira thong s vé
toa do céc vé tinh dija tinh SBAS (Hinh 3).
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Hinh 1. D4 hinh phén bé cac vé tinh dia tinh SBAS
2015 08 04 00 01 30.0000000 0 32
GO1 22973424 .062 7 120726159.06707 2601.349 7
S27 39894329.029 5 209646105 .30705 -5.168 5
GO03 23670440.304 5 124389000.67605 2341.878 5
G31 24935174.980 6 131035235.34306 2456.501 6
S37 37533496.127 7 197239856.52107 3.049 7

Hinh 2. Céu truc file Observation_Rinex_v3.01 chira tri do SBAS
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S37 2015 08 04 00 01 04 6.891787052155E-08-1.818989403546E-12 1.728400000000E+05
-3.451267336000E+04-5.418750000000E-04-1.000000000000E-07 3.100000000000E+01
2.419934632000E+04-1.921875000000E-03-5.000000000000E-08 1.600000000000E+01
-1.114800000000E+00-1.024000000000E-03 0.000000000000E+00 1.500000000000E+02

Hinh 3. Céu truc Navigation SBAS Rinex_v3.01chira tham sé toa d6 vé tinh SBAS

2.3 Toa dd vé tinh

Toa d6 vé tinh GPS dugc tinh tir tdp tham
s6 quy dao vé tinh cho trong ban lich phat tin.
Cac cbng thire, cac thuit toan tinh toan va cac
van dé vé sai s6 dugc tham khao diy du theo tai
ligu [4], [5].

Khac voi hé théng dinh vi GPS, lich vé tinh
dia finh ctia hé thong SBAS lai cung cip céc
vector trang thai gdom toa do, van toc va gia toc
vé tinh tai thoi diém lich (gibng GLONASS).
Trén co s& d6 can phai tinh toa do vé tinh tai
thoi diém quan sat (t) [6].

Dé tinh toa d6 vé tinh tai thoi diém quan sat
(t), nguoi ta sit dung phuong phap Runge —
Kutta. Bai bao sir dung cong thirc Runge — Kutta
bac 4 dé dam bao d6 chinh xac xac dinh toa do
Vé tinh SBAS.

Cong thuc Runge — Kutta bac 4 ¢6 dang:

x(to +h) = (x(t) +2(F +2F, + 2F, +
R ) +s(h%)

1)
Trong d6 ky hiéu dao ham béc nhét:
dx
ri_y = Jﬂ:tj J’[-'} (2)
Va
F, = hf(tgxg) @)
Fy = hf (tg +>h,xg+ 2 F5) (4)
F; =hf(tu+%hjxu+%sz (5)

1 1

Fy = hf(to + %o + S F3) (6)

Céc thoi diém tham khao cho trong ban lich
Vé tinh dia tinh thuong cach nhau 5 phut. Viéc
lya chon budce tich phan h theo cong thirc (1)
can phai dugc xem xét cho phu hop dé dam bao
d0 chinh xac cac toa dd cua vé tinh dia tinh theo
thoi gian tham khao (1) twong tu nhu dé thuc
hién trong tai liéu [7].
2.4 Thuat toan dinh vi

Thuat toan dinh vi tuyét ddi dugc thuc hién
dua trén cic phuong trinh gia cu ly da dugc néu
trong céc tai lidu co ban vé dinh vi vé tinh GPS
[4]. Hé phuong trinh x&c dinh toa d6 may thu Ia
mot hé phuong trinh phi tuyén duoc giai bang
phuong phap gan ding. Do vay, do chinh xéc
cua toa d6 may thu phu thudc vao su phan bd
hinh hoc cua cac vé tinh nén can danh gia chat
Iuvong hinh hoc cua 16i giai bai toan dinh vi
thong qua chi sé DOP.

2.5 Chi s6 DOP

DOP (Dilution Of Precision) - d6 suy giam
d6 chinh xac hay do phan tan do chinh x4c la
thuat ngtr dugc st dung trong k¥ thuat dinh vi
GPS nhiam xac dinh anh huong cua cdu hinh
hinh hoc vé tinh dén do chinh xac dinh vi tri do.
Gia tri DOP 1a chi s khong don vi (bai béo chi
khao sat dén chi sé PDOP).

Cong thirc tinh PDOP theo tai ligu [2] :

(Qxxt Otz
PDOP = “f ©)

Véi Q 1a ma tran nghich déo ciia ma tran hé
s6 phuong trinh chuan:
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Trong dinh vi, thuong st dung chi sb
PDOP va GDOP dé danh gia. Khi vé tinh nhiéu
va phan bb déu trén bau troi theo phuong vi va
géc cao thi PDOP s& nho, chat luong hinh hoc
ciia 101 gidi cang tét.

Do cac yéu tb chinh anh huong dén chi sb
DOP I‘é SO lugng vé tinh va vi tri cua céc vé tinh
trén bau troi nén vige khdo sat danh gia sy dong
gop cua cdc vé tinh SBAS vao cau hinh dinh vi
la can thiét.

2.6 Quy trinh xir 1y dir liéu khéo sat

Viéc khao sat, danh gia chit luong cua cac
tri do SBAS chi dat hiéu qua t6i wu khi da
nghién ctru tinh toan va hiéu chinh day du cac
nguon sai s6 anh huong dén tri do. Riéng trong
bai bao nay, pham vi khao sat chi thuc hién
trong ndi dung tinh toan cac gia tri DOP dé danh
gid muc d6 tac dong cua cdu hinh cac vé tinh
SBAS dén 10i giai bai toan dinh vi.

* Quy trinh xir Iy dir liéu dwoc thuc hién
theo cdc budc sau:

1. Thu thap dir liéu do tir cac tram thu IGS
c6 trang bi antenna thu dugc céac tin hiéu cia
SBAS. Trong pham vi bai bao chi sir dung trj do
giaculy Cl.

2. Thyc hién bai toan dinh vi diém don va
tinh toan céc chi sé DOP theo ting b dit liéu:
GPS, GPS+SBAS.

3. So sanh cac két qua dé két luan danh gia.
3. DU LIEU VA KET QUA KHAO SAT
3.1 Nguon dir li¢u

Dé ¢ két qua khao sat tét can phai co bd
dit liéu thu 6n dinh va lién tuc. Vi vay trong két
qua khao sat, bai bao sir dung ngudn dir liéu thu

tur cac tram IGS c6 trang bi antenna c6 kha nang
thu déy du cac dit liéu do cua cac vé tinh SBAS.

Dit liéu phuc vu khéo sat dugc léy tr tram
IGS NNOR dit tai thi trdin New Norcia —
Australia. Tram thu st dung anten ASHTECH
Z-XI113 ¢é kha nang thu dwgc tin hiéu vé tinh
SBAS. [8], [9].

Vi tri dia 1y cua tram NNOR dugc chon vi
né twong dong voéi Viét Nam, déu 1a khu vuc
nam trong vlng phu cia c4c vé tinh PRN127,
PRN128, PRN129, PRN137 thuoc hé théng
MSAS caa Nhat va GAGAN cia An do. Néu
thu dugc dy du thi sb lugng tri do tir cac vé
tinh dia tinh sé 1a 4.

3.2 Phuong phap khao sat

Viéc tinh toan khao sat trong bai bao dugc
thuc hién theo ndi dung: Khao sat do 1éch gitra
két qua PDOP tir tri do hdn hop GPS+SBAS va
két qua tinh PDOP tir tri do GPS don thudn &
timg thoi diém khao sat nhat dinh theo s6 luong
vé tinh khac nhau va khao sat do léch chi sb
PDORP lién tuc 24 gio. Dir liéu khao sat theo 2
truong hop sau:

- Truong hop 1. Khao sat chi s6 PDOP
theo sb lwong vé tinh.

v Sb lugng 8 vé tinh GPS+3 Vvé tinh
SBAS.

v Sb lugng 4 vé tinh GPS+3 vé tinh
SBAS.

- Truong hop 2: So sanh chi s6 PDOP dbi
V6i 2 bo dir liéu trong sut 24 gio lién tuc.

* C4c Vdn dé trong qua trinh xir 1y:

Toa d0 cac vé tinh GPS dugc tinh tir cac
tham s6 quy dao cho trong ban lich phat tin
(chua hiéu chinh cac day du cac sai s6). Toa do
vé tinh SBAS dugc tinh dwa vao cong thic
Range — Kutta bac 4 dé noi suy tir 2 thoi diém
tham khao gan nhat cho trong ban lich vé tinh
dia tinh. Thoi gian d4 duoc chudn hoa theo gio
GPS cung cip trong file tri do (Thoi gian dung
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khao sat 1a tir 0 h dén 24 h, chi s6 PDOP duoc
tinh theo gian cach 15 phut). Trong thuat toan
tinh toan, dé khao sat riéng Ié vé su anh hudng
clia ciu hinh cac vé tinh SBAS dén cAu hinh
chung, bai bao xem trong s6 ciia tri do SBAS va
GPS la nhw nhau. Trong thuc té, 6 chinh xac
ciia tri do clia SBAS ¢6 thé khéc véi tri do GPS.
3.3 Két qua khio sat

Két qua tir Bang 1 cho thiy, su dong gop
cta cu hinh vé tinh SBAS 1am giam dang ké
chi s6 PDOP - giam 20 % trong truong hop sé
lugng vé tinh GPS nhiéu (8) va giam dén 40 %
trong truong hop sb luong vé tinh GPS it (4).

Két qua khao sat tir biéu dd so sanh lién
tuc 24 gio (Hinh 5) cho thay, cu hinh vé tinh
SBAS khong nhimg 1am giam chi s6 PDOP
trung binh khoang 30% so voi dit liéu GPS don

thudn ma con cho thiy sw on dinh cia chi sb
DOP luén duy tri & mirc thap. Piéu nay c6 thé 1y
giai duoc vi vi tri cia cac vé tinh SBAS thay ddi
khong dang ké. Tuy két qua con phu thudc vao
vi tri cia tram thu ddi voi cac vé tinh SBAS
nhung nhin chung ciu hinh vé tinh SBAS bd
sung dang ké cho bai toan dinh vi.

Viéc tinh toan khao sat chi thuc hién trén
cac phép tinh don gian voi ngudn dir licu tbi
thiéu, chi tinh toan khao sat mirc do anh hudng
ctia cAu hinh cac vé tinh SBAS dén bai toan
dinh théng qua cac chi s6 DOP. Van d& anh
hudng cua céac tri do, can c¢6 sy nghién ciru tinh
todn va hiéu chinh cac sai sé méi danh gia day
da duogc kha nang Kkét hop dinh vi véi tri do
GPS.

Bang 1. Két qua khao sat cac chi s6 DOP theo s6 luong vé tinh.

Két qua 1 GPS (8) GPS (8) + SBAS (3) Mtrc d9 cai thién
PDOP 1.5 1.2 1.2
Két qua 2 GPS (4) GPS (4) + SBAS (3)
PDOP 3.1 1.8 1.7
BIEU DO SO SANH CHI SO PDOP
35 o T T T T T
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o
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Hinh 5. D6 thi so sanh chi s6 PDOP cho truong hop 1 trong 24 gio.
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4. KET LUAN

Tir cac két qua khao st nhan thiy rang, su
tham gia cua cu hinh vé tinh dia tinh SBAS d4
g6p phan cai thién dang ké chi s6 DOP. Pay 1a
van dé quan trong trong viéc cai thién do chinh
xéac dinh vi. Riéng vé viéc danh gia chit luong
tri do, can quan tim dén cac van dé vé sai sb
ddng hd vé tinh dia tinh va sai s6 do ting dién
ly va di luu. Pay 1 van dé kha quan trong vi
dd cao cac vé tinh dia tinh cao hon rat nhiéu so

V6i cac vé tinh GPS nén cac yéu t6 anh hudng
dén moi truong truyén song 1a rat 16n. Ngoai ra,
ban lich vé tinh dia tinh dugc cho dudi dang cac
vector trang thai toa do vé tinh.nén viéc nodi suy
can sir dung cac phuong phap tinh toan tin cay.
Néu két qua danh gia chat lwong tri do tir vé tinh
SBAS la kha quan, két hop vé6i su 6n dinh cua
cAu hinh SBAS thi do chinh xac dinh vi s& dugc
cai thién dang ké.
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ABSTRACT

The geostationary satellite of SBAS
transmits not only corrections but also provides
the code C/A on the L1 frequency. On which
SBAS geostationary satellites like GPS satellites
provide pseudo-ranges measurement C1. The
features of this measurement is that it is always
permanent because geostationary satellites do
not move. This will be an additional source of
pseudo-range measurement for the GPS system.
With the current constellation of all SBAS
systems, the number of  operational

geostationary satellites in orbit around the
equator has risen to 12 (the number will
increase in the future) and be distributed to give
global coverage. The objective of this study is to
present several surveys to evaluate accuracy
improvement capability in point positioning
when processing mixed measurements from the
geostationary satellites in the SBAS and GPS.
The results show that PDOP can be improved
from 1.2 to 1.7 times when mixed processing.

Keywords: GPS, SBAS, combination, accuracy Improvement
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