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PINH VI PIEM CHINH XAC CAO DUNG VE TINH
GALILEO CO GIAI PA TRI

NGUYEN NGOQC LAU
Truong Pai hoc Bach khoa TPHCM

Tom tit:

Tir tuan 1é GPS 2034, Trung tam Nghién cieu Khong gian Quéc gia Phdp bdt ddu cung cdp san
phcfm chinh xdac ban lich va sé hiéu chinh déng ho vé tinh GALILEO ¢6 hé tro cho viéc gidi da tri.
Chung toi da khao sat do chinh xac dinh vi diém chi dung GALILEO co giai da tri tai 12 tram GNSS
thwong triec 6 khu viee Chdau Au. Két qua cho thdy dg chinh xdc khi xit Iy tinh 24h la (2.4, 3.8, 7.4)mm
va khi xw ly dong (9.7, 8.8, 26.8)mm theo huong B, Dong va do cao. So voi do chinh xac GPS tinh,
thi thanh phan hwéng Péng va do cao cia GALILEO van kém hon gan %. Trong khi dé dé chinh
xac dinh vi dong GALILEO lai khong c6 sw chénh léch nhiéu so véi GPS.

1. Gi6i thi¢u

GALILEO 1a hé théng vé tinh dinh vi toan
cdu do Chau Au x4y dung va phat trién, tuong tu
nhu GPS cua My va GLONASS cua Nga. V¢é
tinh thir nghiém dau tién GIOVE A di duoc
phong tir 2005. Hién nay sd luong vé tinh
GALILEO hoat dong va dang phat tin hi€u trén
quy dao 1a 23. Véi sb lugng vé tinh nay, da sb
cac khu vuc trén thé gidi c6 thé quan sat tir 4 vé
tinh GALILEO tr¢ 1én va c6 thé thyc hién dinh
vi mot cach ddc lap. Tuy nhién con $6 nay van
chi dat ~2/3 so v&i thiét ké s& c6 30 vé tinh hoat
dong [1]. (Xem bdang 1)

Trong s6 cac hé théng dinh vi toan cau hién
c6, GALILEO c6 nhiéu diém tuong ty nhat véi
GPS vé

- Phuong phap ma hoa tin hiéu CDMA
- Tan s6 El giéng véi L1 GPS 1a 1575.42

MHz, nhung khéc tan sb thi 2 ding cho muc
dich dan sy ESa 1176.45MHz

- Co hé théng thoi gian va hé théng toa do
gan nhu trung nhau

Do d6 s& c6 nhiéu thuan loi khi xir 1y riéng
bi¢t GALILEO va xu ly tich hop
GPS+GALILEO.

Trung tdm Nghién ctru Khong gian Qudc gia
Phap (Centre National d’Etudes Spatiales —
CNES) di cung cip san pham ban lich va s6 hiéu
chinh déng hd vé tinh GPS ¢6 hd tro cho viée
giai da tri tir rat som [9]. Nho ¢6 ma dinh vi diém
chinh xac cao c6 giai da tri (Precise Point
Positioning with Ambiguity Resolution — PPP
AR) dung GPS da dat dugc nhitng thanh tyu moi
vé cai thién d6 chinh xéac [5]. Pac biét bat dau tir
tuan 1& GPS 2034 (30-12-2018), trung tim da
cung cap thém san pham twong tu c6 hd tro giai
da tri cho GALILEO. Piéu nay mé ra kha ning

Bang 1: Trang thai ciia GALILEO vao 6/2020 (tham khdo tir [2])

Trang thai phong

Block Thei gian phong

Thanh céng That bai Dw kién

GIOVE  2005-2008 2
oV | 2011-2012 4
FOC | From 2014 20

Tong céng 265

Hoat dong va

khoe manh
0 0 0
0 0 3
2 12 20
2 12 23

Ngay nhan bai: 25/10/2020, ngay chuyén phan bién: 29/10/2020, ngay chap nhan phan bién: 05/11/2020, ngay chép nhan dang: 09/11/2020
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nang cao do chinh xac cho dinh vi diém tri do
pha GALILEO khi giai tham s6 da tri va su két
hop gitra GPS va GALILEO.

Ngay sau su kién nay, mot vai nha khoa hoc
da khao sat va danh gia do chinh xac dinh vi
diém GALILEO véi viéc giai da tri diung san
pham ctiia CNES. Katsigianni va nnk [3] d xtr ly
dong dir licu GNSS cua khoang 50 tram IGS
thudng truc. Két qua cho thdy do chinh xac PPP-
AR chi dung GALILEO la cung cip v6i GPS
only va dat dugc tdt nhit & khu vuc Chau Au
(thtr nghiém tai 3 tram) v&i 2—4 mm & mat béng,
10 mm & do cao. O mirc do toan cau, do chinh
xac chi dat lcm & mat bﬁng va 3cm & do cao.
Trong bai bao [4], Katsigianni va nnk [4] da mo
rong nghién ctru xur Iy dong dir liéu GNSS tai 4
tram & Chau Au. Két qua d¢ chinh xac dinh vi
trung binh 7mm & mat bang va 28 mm & do cao.
Tuy nhién nhiing két qua dat duoc nay cé thé
chua khach quan va chinh xéac khi cac tac gia
ding s6 tram do qua it & khu vye Chau Au. Hon
nlta d§ chinh xac dinh vi khong nhiing chi phu
thudc vao vi tri ma con phu thudc vao nhitng yéu
t6 quan trong khac nhu chat luong may thu va
anten.

Trong bai bao nay chung toi sé thuc hién viéc
khio sat trén muc do toan cdu cua trang thai
GALILEO dé xem khu vuc nao c6 thé dat dugc
d6 chinh xac cao nhat. Va trén khu vuc ay chiing
t6i s& xur 1y s lwong tram do nhiéu hon dé c6 thé
dat duoc két qua danh gia do chinh xac dinh
diém khi do tinh va dong thuc té hon.

2. B0 dir liéu GNSS dung trong khao sat

Mang luéi cac tram IGS thuong truc hién co
hon 300 tram phan bd toan cau. Tai c4c tram nay
duoc trang bi cac may thu GNSS da hé¢ théng vE
tinh c6 thé thu tin hiéu tr GPS va ca GALILEO.
Pay 1a ngudn dir liéu tot dé dung cho viéc khao
sat. Tuy nhién, hién nay sb lwong cac v¢ tinh
GALILEO trén qui dao van chua day du (23/30).
Do d6 s6 luwong vé tinh GALILEO duoc quan sat
& mdi vi tri khac nhau trén qua dat s& khong
giéng nhau. Dé danh gia d6 chinh xac dinh vi
diém dung tri do GALILEO, ta nén thuc hi¢n &

khu vuc ¢6 sb luong vé tinh GALILEO bao phu
nhiéu nhit. Khu vuc nay c6 thé 1a Chau Au va
cling c6 thé 1a mot noi nao do.

Pé tim ra khu vuc thlch hop néu trén, chung
t6i thuc hién viéc ldy mau & mot sd noi khéac
nhau trén bé mat trai dat vao ngay 16-06-2020.
Viéc lay mau 1a tim s6 lugng GALILEO quan sat
duoc tai vi tri d6 trong ngay. Va vi chu ky
chuyén dong cta cac vé tinh GALILEO xap xi
12h nén vi tri ctia cac vé tinh nay s& gan nhu lap
lai cho nhitng ngay tiép theo. (Xem hinh 1)

Hinh 1 thé hién db thi sb lugng vé tinh GPS
va GALILEO quan sat dugc & mdi vi tri trong
thoi gian 24h ngay 16-06-2020. Cac tram do iy
mau 1a DARW (Uc), BRUX (Chau Au), CUSV
(Dong Nam A), WUH2 (Trung Quéc), GODE
(Bic My) va SANT (Nam My). Cac dd thi nay
cho thdy tai tt ca cac tram do sé lwong vé tinh
trung binh cia GALILEO déu 16n hon 4 nhung
lu6n nhé hon sb lugng GPS. Tram co $6 luong
vé tinh trung binh GALILEO cao nhét 1a BRUX
& Chau Au (8-9 vé tinh). Nhu vy, viéc dinh vi
chi dung vé tinh GALILEO 1a c6 thé thuc hién
duoc tai moi noi. Khu vuc ¢6 do chinh xac cao
nhit van 1a Chau Au.

Dua vao phan tich trén, ching t6i chon ra 12
tram GNSS thuong truc phan bd trén khu vuc
Chau Au. Nhiing tram nay déu duoc trang bi cac
may thu GNSS da h¢ théng vé tinh c6 tdc do6 thu
30s. Cac may thu dugc chon khéac loai dé dam
béo tinh khach quan trong khdo sat (xem bang 2)

Toa d6 chinh xac cua cac tram nay duogc léy
tir viéc binh sai mang luéi IGS toan cau hang
tuan v&i do chinh xac vai mm trong hé toa do
ITRF2014 [8].

3. Phian mém va két qua xir Iy PPP

Dé xur Iy dinh vi diém chinh xac cao dit liéu
GNSS cua 12 tram IGS ¢ bang 2, chung t6i dung
phan mém PPPC do chung toi tur phat trién tir
2010 [6]. Sau nhiéu lan nang cap, phan mém
PPPC c6 kha nang xur ly dir liéu GNSS ¢ cé hai
ché do tinh va dong va cho nhiéu hé théng vé
tinh khac nhau nhu GPS, GLONASS,
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Hinh 1: Trang thdi ciia vé tinh GPS (lién nét @) va GALILEO (it nét xanh) quan sdt tai mot sé
cac vi tri khac nhau

Bang 2: Cac tram GNSS thuong truc dung trong khado sat

STT Tén Mav thu Loai anten Quéc gia
1 AJAC SEPT POLARXS TRM115000.00 NONE France
2 ANKR LEICA GR30 LEIAR1O NONE Turkey
3 CEBR SEPT POLARXSTR SEPCHOKE _B3E6 NONE Spain
4 BRST TRIMELE ALLOY TRM37971.00 NONE France
5 BRUX SEPT POLARXSTR JAVRINGANT DM NONE Belgium
] DYNG TRIMELE NETR2 TRM39800.00 NONE Greece
7 HOFN LEICA GR350 LEIAR25R4 LEIT Iceland
§ HUEG | JAVAD TRE 3 DELTA LEIARIS R4 Germany
9 KIRU SEPT POLARXS SEPCHOKE B3E6 SPKE Sweden
10 | KRGG TRIMELE ALLOY LEIAR25 R4 France
11 | METG TRIMBLE NETR9 TRMS59800.00  SCIS Finland
12 QAQ1L SEPT POLARXS ASHT01945E M SCIS Greenland

GALILEO, BEIDOU va QZSS. Gan day nhat
ching toi da nang cip PPPC thém kha ning giai
da tri ding san pham IRC ctia CNES. Viéc khao
sat do chinh xac dinh vi diém chi dung GPS c6
giai da tri da duoc chiing toi thyc hién trong bai
bao [5]. Pé xir Iy GALILEO c6 giai da tri, ching
toi ap dung cach thtrc twong ty nhu GPS [5].
(Xem bang 3)

Mot s6 cai dat chung cho qua trinh xir 1y duoc

cho ¢ Bang 3. Dir liéu GNSS ngay 16-06-2020
cia mdi tram do duge xir Iy 4 phuong 4n nhu
sau:

- Xt ly tinh 24h chi dung tri do GPS

- Xt 1y tinh 24h chi dung tri do GALILEO
- Xu ly dong chi dung tri do GPS

- Xtr ly dong chi dung tri do GALILEO
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Cac toa d0 nhan duogc tu viéc xur ly duoc
chuyén sang thanh phin hudéng Bic, hudéng
Dong va do cao, 1di trir di voi gia tri chinh xéc
cta n6 dé tinh ra hiéu toa 46 AN;, AE;, va AU,
cho ting tram do i trong xur ly tinh hay ting thoi
diém i trong xir Iy dong. Cac hiéu toa do nay sau
d6 duoc dung dé tinh ra sai s trung phuong theo
cong thuc:

Két qua xu ly tinh 24h cia GPS va
GALILEO dugc cho ¢ Bang 4. Két qua xir ly
dong cho ¢ Bang 5. Khi xir Iy GPS, ty 1¢ giai
thanh cong tham s6 da tri dat rat cao, trung binh
14 96%. Dbi voi GALILEO, ty 1& nay thép hon,
dat trung binh 90%. (Xem bang 4, 5)

Béang 4 va 5 cho théy d6 chinh xac dinh vi
ding tri do GALILEO luén thap hon so véi ding
tri do GPS. Diéu nay c6 thé do sé luong vé tinh
GALILEO quan sat dugc tai mdi tram do ludén
thap hon GPS. Trong tuong lai khi GALILEO c6
day du s6 lwong vé tinh, do chinh x4c nay s&
duoc cai thién hon nira va tuong duong voi GPS.

Do chinh xac dinh vi tinh 24h cia GALILEO
chi trong dwong véi GPS ¢ thanh phan hudng
Bic (2.4mm so v6i 2.8mm), con hudng Pong va
do cao thi kém gip d6i (3.8mm 7.4mm so véi

1.3mm 3.3mm). Didu twong ty ciing quan sat
thiy trén két qua xir Iy dong, nhung sy thua kém
& thanh phan huéng Pong va do cao it hon
nhiéu. Nhin chung d¢ chinh xac dinh vi dong
ding GPS hay GALILEO xép xi lem ¢ mat
bang va 2-3cm & thanh phan d cao.

4. So sanh véi cac nghién ctru khac

Katsigianni va nnk [3] xt ly dinh vi dong di
liéu GNSS cua 3 tram BRUX, CAS1 va NYA2
trong 7 ngay 042-048 cia nam 2019. Ho dung
gia tri trung binh cua toa do tram do xtr 1y trong
7 ngay nay dé 1am co s6 so sanh, va tinh ra dugc
sai s6 trung phuong dinh vi theo huéng Pong,
huéng Bic va do cao. Do chinh x4c dat duoc khi
xt ly GALILEO la (2.6-4.2, 2.9-5.2, 10.3-
15.6mm) véi GPS la (2.4-3.8, 2.2-5.2, 8.5-
14.3mm). Khi mé rong xir ly khoang 50 tram do
toan cau, do chinh xac dat duoc xap xi lem ¢
mat bang va 3cm ¢ d0 cao. Trong tai liéu [4],
Katsigianni va nnk mo¢ rong xu ly 4 tram do ¢
Chau Au dat dugc do chinh xac khoang 7mm &
mat béng va 3cm & do cao.

Két qua ciia nhom nghién ctru Katsigiani néu
trén va két qua xir 1y dong cua chiing t6i & bang
5 1a kha twong dong voi nhau. Mic di ca hai ¢6
su khac biét vé tap dit liéu va phuong phéap tinh
toan.

Bang 3: Cdc tham sé cai dat trong xir y PPP

Nbi dung Gia tri
Ban lich v& déng hé vé tinh | Ding san pham CNES ¢6 hd tro giai da tri
M3 hinh anten 1GS2014

Tri do Tri do m3 Pz va pha @3 cua

GPS/GALILEO & dang hiéu don gifta cac
vé tinh

Géc cao vé tinh gid1 han

5°

Trong 6 tri do

Exp(-2/97), £ 1a gboc cao vé tinh

D§ tré d6i lwu

Khao sét 1 tham sé cho d6 tr2 thién dinh
mot 30 phut va 2 tham s6 gradient mor 12
g1d

Ham 4nh xa déi luu

VME3 [7]

Giai da tri

tham 56 da tri giai rong trwde, giai hep sau

Hiéu chinh chuyén dich tram
do do dia tridu (solid Earth
tide)

Ap dung

Hiéu chinh chuyén dich tram
do do tai thuy triéu (ocean
tide loading)

Ap dung FES2012
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Bdng 4: Két qua xit Iy tinh 24h theo phirong dn a va b

STT | Tén GPS (mm) GALILEQ (mm)
AN AE AU AN AE AU
1 BRST 14 3.1 3.9 05 +6.4 27
2 | BRUX 0.7 +0.3 24 06 18 _11.0
3 KIRU +0.5 +2.0 1.9 +4.4 +4.0 +5.1
1 | KRGG +18 419 3.9 20 22 9.0
5 QAQI +2.0 +2.6 5.7 +0.7 +3.1 5.6
6 AJAC 17 +0.8 0.9 25 21 42
7 | ANKR 14 114 +14 27 23 9.7
8 | CEBR 37 +2.8 44 21 +4.5 2.6
9 | DYNG 1.1 114 25 0.1 07 8.1
10 | HOFN 03 +5.1 33 +0.1 3.3 +3.4
11 | HUEG 47 +23 14 14 45 8.0
12 | METG 37 1.0 13 15 27 -10.0
SSTP 2 13 33 2. 38 74
Bang 5: Ket qua xu Iy dong theo phwong dn c va d
STT | Tram GPS (mm) GALILEO (mm)
me Mg mrunr mn mEg mir
1 BEST 10 9 21 10 2 23
2 BEUX 7 [ 17 g 3 23
3 KIRU 8 5 25 9 7 24
1 | KRGG 14 8 27 12 10 33
5 | A0l 7 3 16 7 5 19
] ATJAC 7 [ 2 8 [ 29
7 ANKR 10 g 2 11 2 32
8 CEBR 11 9 2 11 11 31
9 DYNG 9 7 2 10 11 30
10 HOFN 7 g 18 g 7 25
11 HUEG 10 g 25 2 11 29
12 | METG 10 6 22 11 9 24
Trung binh 2 7.1 22 9.7 8.8 268

Két luan

V&i cAu hinh chua hoan chinh hién nay, sb
luong vé tinh GALILEO quan sat dugc tai mot
vi tri bat ky trén bé mat trai dat van da cho viéc
dinh vi doc lap nhung van thua kém sb lugng vé
tinh GPS. Piéu nay dan dén do chinh xéac dinh vi
chi ding GALILEO vén chua bang voi GPS.
Khu vue c6 d¢ bao phit GALILEO tot nhét hién
nay van la Chau Au véi s6 lwong vé tinh quan sat
trung binh 8-9. Pay ciling 1a khu vyc ma chung
toi chon trong nghién ctru nay.

Nho vao san pham ban lich va s6 hiéu chinh
ddng hod vé tinh GALILEO c6 hd tro giai da tri
ctia CNES, d6 chinh x4c dinh vi diém khi xir Iy
tinh va dong GALILEO déu duoc cai thién va
tiém can dan v4i do chinh xac GPS. Khéo sat cua
chung t6i trén 12 tram GNSS thuong truc tai
Chéau Au cho thay do chinh xac khi xu 1y tinh

24h 1a (2.4, 3.8, 7.4)mm va khi xtr ly dong (9.7,
8.8, 26.8)mm theo huéng Béc, Pong va do cao.
So v6i do chinh xac GPS tinh, thi thanh phan
huéng Pong va do cao cia GALILEO van kém
hon gin %. Trong khi d6 do chinh xac dong
khong chénh léch nhiéu.

Két qua dinh vi dong cia ching t6i twong
dong véi két qua nghién ciru cia nhéom
Katsigiani [4,5] mdc du c6 sy khac biét vé tap dir
liéu khao sat va phwong phap tinh toan.O
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Accuracy of precise point positioning with ambiguity resolution using galileo only

Nguyen Ngoc Lau

Department of Geomatics Engineering, Ho Chi Minh City University of Technology

Vietnam National University Ho Chi Minh City

From GPS week 2034, the France Centre National d’Etudes Spatiales (CNES) started to provide
accurate products of ephemerides and clock corrections for GALILEO satellites with ambiguity res-

olution capability. We investigated the accuracy of precise point positioning with ambiguity resolu-
tion using only GALILEO at 12 IGS permanent stations in the European region. The results show
that the accuracy of 24-hour static solution is (2.4, 3.8, 7.4) mm and kinematic solution (9.7, 8.8,
26.8) mm in the North, East and Up components. Compared with GPS only, the East and the Up
components of GALILEO static solution are still less accuracy than 2. Meanwhile, the accuracy of
GALILEO’s kinematic position is not much different from GPS.Q
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