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TOm tit:

CNES va CODE la 2 trong sé nhizng Trung tdm phan tich cia 1GS. Hién nay cd 2 Trung
tdm ndy déu cung cdp cac san pham vé tinh chinh xac hé tro cho PPP-AR GPS va GALILEO.
Pé tim hiéu vé dé chinh xac PPP-AR GPS+GALILEO cho gidi phdp 24h, ching t6i da xir Iy
PPP 90 ngay dé liéu tir 01/01/2022 dén 31/03/2022 ciia 4 tram GNSS thirong truec tai khu viec
Péng Nam A theo 2 phwong dn: dimg san pham cia CNES va CODE. Két qua cho thdy dung
san pham cia CNES cho ty 16 gidi da tri tot hon (97.0% so véi 94.4%), va dé chinh xdc dinh vi
dat (2.8, 3.1, 10.4) mm cdi thién hon CODE lan lwot 1a (12, 30, 8)% tuwrong ing theo hwong

Bdc, Dong va D¢ cao.

1. Giéi thigu

Dinh vi diém chinh xéc cao (Precise Point
Positioning — PPP) da tr¢ thanh phuong phap
dinh vi GNSS phé bién nhat, duoc st dung
cho nhiéu linh vyc khoa hoc va tng dung
thuong mai ngay nay. Ky thuat nay xir ly cac
tri do ma va pha trén nhiéu tan s cia mot may
thu duy nhat cung cip két qua dinh vi c6 do
chinh xac cao va én dinh. Pac diém cua PPP
la phai sir dung cac san pham vé tinh chinh xac
va ap dung cac mé hinh tri do chinh x&c [6, 7].

Trong nhitng ndm gan day d¢ chinh xac
PPP di duoc cai thién mot cach dang ké nho
vao kha ning giai tham sb da tri (Ambiguity
Resolution-AR) va viéc xtr ly két hop nhiéu hé
thng vé tinh dinh vi [6,7]. Piéu nay phai cam
on dén cac Trung tdm cung cap san pham vé
tinh chinh xac c6 ho tro giai da tri va da hé
théng vé tinh. Trong sé dé co thé ké ra nhu
Trung tdm Nghién ciu Khéng gian Quéc gia

Phap (Centre National d’Etudes Spatiales —
CNES) va Trung tam Xac dinh Quy dao Chau
Au (Center for Orbit Determination in Europe
- CODE). CNES va CODE la 2 trong s vai
Trung tdm phan tich cung cdp san pham vé
tinh chinh xéc cho té chuc IGS. Trén co sé do,
IGS tinh toan, cung cap quy dao va sé hiéu
chinh dong hé vé tinh chinh xac nhat va mién
phi cho nguoi sir dung.

San pham vé tinh chinh xac caa CNES va
CODE c¢6 su twong ty V& nguyén tic tao ra,
dinh dang céc file san pham va déu hd tro cho
giai da tri vé tinh GPS va GALILEO. Vi vay
c6 thé d& dang &p dung vao cling mét chuong
trinh xir ly. Sy khac nhau chi yéu o chat luong
thong tin va sé luong thoi diém cung céap
thong tin. Vi du CNES cung cap vi tri vé tinh
trén qui dao cach nhau 15 phut, con CODE la
5 phdat.

Ngay nhan bai: 1/11/2022, ngay chuyén phan bién: 5/11/2022, ngay chip nhan phan bién: 9/11/2022, ngay chap nhan ding: 18/11/2022
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Chinh vi nhitng diém khéac biét trén dan
dén d6 chinh x4c PPP nhan duogc khi dung céc
san pham ciia CNES va CODE ciing s& khac
nhau. Cac tac gia trong bai bao [8] da sir dung
cac san pham vé tinh tir CNES, CODE va vai
Trung tam khac vao PPP-AR
GPS+GALILEO rbi so sanh thoi gian hoi tu
ctia nghiém cé dinh. Két qua cho thdy san
pham vé tinh cia CODE thyc hién tét nhat,
con CNES xép thir 5 ké cudi. P chinh xac
dinh vi 2D ¢ thé dat tot hon Scm vai thoi gian
hoi tu trung binh khoang 6 phdt.

Két luan cua [8] c6 ich cho PPP véi thoi
gian do ngan chi vai phit nhung s& c6 thé rat
khac vai PPP 24h. Trong bai b&o nay chung
thuc hién nghién ciru d6 chinh xac PPP-AR
GPS+GALILEO cho dir liéu 24h. Chang t6i
mudn tim hiéu xem vé do chinh xac PPP 24h
khi ding cac san pham caa CNES va CODE
khac nhau nhu thé nao? Va chiing c6 do chinh
xé4c bao nhiéu? Do chinh xac nay thay ddi theo
loai may thu nhu thé nao?

2. Tom tat vé san pham PPP-AR ciia
CNES va CODE

Tir cudi nam 2009, CNES da bat dau cung
cap cac san pham PPP-AR cho vé tinh GPS.
Céc san pham cia CNES dya trén phuong
phap dong hd khdi phuc nguyén (Integer
Recovery Clock - IRC) [10]. Do d6, nguoi st
dung chi can 4p dung sé hiéu chinh vao tham
s6 da tri dai rong (Widelane Satellite Bias -
WSB), chita dung trong header cua file dong
hd. Chi tiét vé cach ap dung nay xin tham khao
thém tai lieu [7]. Tu 12/2018 (GPS week
2034), CNES bit dau cung cap thém san pham
PPP-AR cho cac vé tinh GALILEO.

Nhiéu nghién ctru da chi ra sy can thiét
phai ¢6 théng tin vé vi tri twong ddi céc truc
co ban cua vé tinh so véi trai dat (ching toi
tam goi 1a tu thé vé tinh) nham nang cao ty 1¢

giai da tri va d6 chinh xac cho PPP. Khi vé
tinh di vao ving t6i do bi che khuét bai chinh
trai dat, su chuyén dong cac truc co ban cua
vé tinh tré nén bét thudng, co thé gay ra sai sb
vi tri tAm pha ang ten cuia vé tinh. Tinh hudng
ndy s& cang xau hon khi ching ta xu ly tri do
két hop nhiéu hé théng vé tinh dinh vi khac
nhau [1,2,3]. Diéu ndy dan dén ra doi thém san
pham tu thé vé tinh (satellite ATTitude -ATT)
trong goi PPP-AR. Céc file ATT duoc thiét ké
theo dinh dang ORBEX (ORBit EXchange
format) [4,5]. CNES bt dau cap céac file ATT
tir 01/2021. Gan day nhét vao 5/2021, CNES
cung cip thém céac file sai sé tri do
(Observable specific Signal Bias - OSB) nham
théng nhat dinh dang vai cac Trung tdm khac.
Vi viée ¢6 thém cac file OSB, nguoi str dung
c6 thé lya chon &p dung theo cach cii (dung sd
hiéu chinh WSB), hoac theo cach méi la dung
c4c s6 hiéu chinh trong file OSB d¢ hiéu chinh
truc tiép vao céc tri do ma va pha ciia GPS va
GALILEO.

Gidng nhu CNES, CODE ciing sir dung
phuong phap IRC dé tao ra cac san pham PPP-
AR cho GPS va GALILEO [11]. Nhung khac
véi CNES, ngay tir dau CODE cung cap cac
san pham cia minh dudi dang 4 loai file: quy
dao vé tinh, s hiéu chinh dong hd vé tinh,
ATT va OSB. Lich sir ra doi cac san pham vé
tinh chinh x4c cia CODE duogc tém tit nhu
sau [9]:

- Céc san pham dong ho CODE tuén theo
thudc tinh IRC da duoc dé trinh cho IGS tur
thang 1/2018

- Bat dau tir ngay 03/06/2018 (GPS week
2004) cung cap ban lich final, xem xét GPS /
GLONASS.

- Bit dau tir ngay 17/06/2018 (GPS week
2006) cung cap ban lich két hop téng cong 5
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GNSS, cu thé 12 GPS / GLONASS / Galileo /
BeiDou / QZSS

Cac san pham vé tinh chinh xac cua
CNES va CODE déu dua trén viéc xt ly céc
loai tri do ma C1C, C1W va C2W cua GPS;
C1C va C5Q ctua GALILEO. Do vay khi dung
PPP v6i c4c san pham vé tinh dé xir ly céc tri
do trén sé& cho két qua tt nhat. Ngoai su khac
nhau vé chit luong thong tin trong san pham,
CNES va CODE con khéc nhau vé sb lwong
thoi diém cung cép thong tin. Piéu nay duoc
chira ¢ Bang 1.

Bang 1: So sanh cac san pham vé tinh cua

3. Nguén dir liéu thwc nghiém

Dé cho két qua khao st phan anh tuong
d6i khach quan, chdng t6i chon dit liéu tai 4
tram GNSS thuong truc ¢ khu viuc Pong Nam
A ¢6 trang bi cac may thu va ang ten khac loai
nhau. Dic diém k§y thuat caa chung dugc cho
& Bang 2. Trong d6 can luu ¥ 13 tram HNOI
duogc trang bi dng ten thong thuong, khéng
phai 1a loai chdng nhiéu cao ChokeRing nhu
cac tram con lai. Vi tri cta cac tram do dugc
chira ¢ Hinh 1.

Thoi gian thu thap dir liéu 1a 90 ngay tur
01/01/2022 dén 31/03/2022. V&i do dai di
liu nhu vay du dé tinh sai sé trung phuong

CNES va CODE A A e
Sin i Tio a8 cho b tuong doi tin cay. Tux nhién can ?hu ydénanh
_ CNES CODE huong caa dich chuyén mang kién tao vao toa
Qui dao vé tinh 15 phut 5 phut
S6 hiéu chinh déng hé vé tinh | 30 gidy 30 gidy do PPP cua tram do.
Thr the vé tinh (satellite 30 may 15 phat
attitude - ATT)
Sai s6 hé théng tri do 24h 24h
(Observable specific Signal
Bias - OSB)
Bang 2: Pdc diém mdy thu va dng ten tai cac tram GNSS
STT | Tram Dia diém May thu Antenna Interval Tri do GPS Tri do
GNSS (sec) GALILEO
1 Cusv Thailand JAVAD JAVRINGANT _ 30 Ciw, L1W | C1X, L1X,
TRE_3 DM NONE C2W, L2W | C5X, L5X
DELTA
2 HNOI | Viét Nam TRIMBLE TRM55971.00 15 Ci1C, L1C, CiX, L1X,
NETR9 NONE C2X, L2X C5X, L5X
3 NTUS | Singapore LEICA LEIAR20 30 Ci1C, L1C, Ci1C, L1C,
GR50 LEIM C2W, L2W | C5Q, L5Q
4 PTGG | Philippines SEPT TRM59800.00 30 Ci1C, L1C, Ci1C, L1C,
POLARX5 SCIS C2W, L2W | C5Q, L5Q
i 4. Két qua xir ly va so sanh
H' ﬁ,l!q 9 ) R .
ol Nhirng dir liéu GNSS trén dugc xu ly
= bang phan mém PPPC, do ching tdi phat trién
Rl P B tirnam 2010. Phin mém PPPC c6 kha nang xu
i ot U2 ly dit liéu GNSS & ca hai ché d6 tinh va dong
e : va cho nhiéu hé théng vé tinh khac nhau nhu
- : GPS, GLONASS, GALILEO, BEIDOU va
L B o — QZSS. Gan day nhét, chung t6i dd nang cap
a5 ., PPPC v¢i kha nang giai da tri cho GPS va
NTUS : : N , ) 2 5
Hinh 1: Vi tri cac tram GNSS dl]ng trong GALILEO khi dung cac san pham IRC cua

khdo sat
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CNES va CODE [6,7]. Mot s cai dat chung

Bdng 4: Két qua xir Iy PPP ding sin pham

khi xir ly bang PPPC dugc cho trong Bang 3. CNES
Bdng 3: Céc tham s6 cdi dat trong xiz Iy PPP | STT | Tram | Sai so trung phuong vi | Ty I¢
: GNSS | tri (mm giai da
bang PPPC Bic |Dong | Do | tri (%)
Noi dung Giatri cao
Ban lich va s6 CNES va CODE 1 Cusv 25 34| 101| 970
hidu chinh ddng 2 HNOI 2.8 33| 115| 968
hd vé tinh chinh 3 NTUS 3.0 34| 102 977
XAC 4 PTGG 2.7 2.2 9.6 [ 96.4
Mo hinh tr thé | CNES va CODE Trungbinh | 28| 31| 104] 970
vé tinh ATT Bang 5: Ket qua xur ly PPP dung san pham
Sai s6 trj do CNES va CODE CODE
0SB STT | Tram | Saisé trung phwongvi | Ty Ié
Tri do P3 va @3 & dang hiéu gitra GNSS | tri (mm giai da
cac vé tinh GPS va Bac | bong | Do tri (%)
GALILEO cao
Goc nguong vé | 5° 1 Cusv 3.0 44| 111[ 944
tinh 2 HNOI 3.2 43| 127] 944
— — - 3 NTUS 3.3 46| 112] 951
Sal s tri do Exp(-e/9°), ¢ 1a goe cao vé 4 | PTGG | 31| 44| 100] 937
__jtnh _ Trung binh 32| 44| 113 944
Xt ly do tre doi | 1 tham so6 TZD cho moi 2 ; ; ;
luu gior va 2 gradient cho mdi bé tim hiéu sy khac nhau gitra ket qua
| 12gio PPP khi diing CNES va CODE, chlng toi tinh
i—|am anh xa doi | VMF3+GPT3 hiéu toa d¢ gitra 2 phuong an theo tung ngay,
uu A ’ \ ’ ’ . A
Gidi da tri Giai da trj dai rong truoc, roi sau do dung ching tinh sai so trung
dai hep sau cho GPS va phuong d6 Iéch toa do cho tirng tram GNSS.
GALILEO Két qua cho & Bang 6 va Hinh 2. Bang 7 cung

Mbi file dir liu GNSS theo ngay ¢ dinh
dang RINEX V3.02 dugc xir ly theo 2 phuong
an: phuong 4n 1 ding san pham cua CNES va
phuong an 2 ding san pham cua CODE. Péi
véi tung tram do, sau khi c6 du toa do PPP-
AR cua 90 ngay cta cung 1 phuong an, chung
t6i hiéu chinh chuyén dich mang kién tao cho
thanh phan mat bang, rdi tinh sai sé trung
phuong theo cong thirc sau

90

Z(Xi—)?)z _ in
T =% @

Trong d6 X ky hiéu cho thanh phén toa d6
huéng Bic, Huéng Dong va Do cao. Két qua
tinh sai s6 trung phuwong dugc cho ¢ Bang 4
va b

cap do lech toa do trung binh cho 90 ngay giita
CNES va CODE.

Bang 6: Sai 6 trung phuong do léch theo
ngay giza CNES va CODE

STT | Tram Sai s6 trung phuong do léch
GNSS (mm)

Béc Pong Do cao
1 CUsv 2.9 4.0 8.4
2 HNOI 3.8 5.4 17.1
3 NTUS 3.1 7.0 12.6
4 PTGG 2.6 5.6 9.5
Trung binh 3.1 55 11.9

Bang 7:’ Do léch toa do gira CNES va CODE
o két qua PPP trung binh cho 90 ngay

STT | Tram Do léch toa d6 (mm)
GNSS Béc Dong Do cao
1 CUsv +0.9 -3.7 +1.6
2 HNOI -0.6 -1.3 +8.3
3 NTUS +0.6 +1.0 +5.7
4 PTGG -0.6 +0.0 +4.8
SSTP 0.6 2.0 5.6
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Hinh 2: B¢ léch toa do PPP giira CNES va CODE
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So sanh Bang 4 va Bang 5, ching ta thiy
tat ca cac chi sb théng ké ciia CNES déu tét
hon CODE. Theo d6 ty I¢ giai thanh cdng
tham sé da tri 1a 94.4% v6i CODE va ting 1én
97.0% vaéi CNES. Dung CNES cho phép cai
thién do chinh x4c xac dinh thanh phan huéng
Bic la (3.2-2.8)/3.2=12%, hudng DPéng la
(4.4-3.1)/4.4=30% va do cao la (11.3-
10.4)/11.3=8%.

Bang 6 cho thiy sai s6 trung phuong do
Iéch toa d6 gitra CNES va CODE la (3.1, 5.5,
11.9) mm theo hudng Béc, Pong va do cao.
Sai s6 nay 13 hop 1y vi nd xap xi +/2 1an sai s6
dinh vi caa PPP & céc nghién ctu trude day
[6,7]. Gia tri do léch cua toa trung binh trong
90 ngay giira 2 phuong 4an 1a rat nho ¢ thanh
phan mit bang (0.6, 2.0, 5.6) mm (xem Bang
7). Tuy nhién vé d6 cao c6 ton tai sai sb hé
théng khoang 5mm gitra két qua PPP dung
CNES va CODE.

Bang 4 va Bang 5 ciing cho thay sai s6
PPP c6 gia tri gan nhu twong ty & CAC tram
GNSS du ching st dung may thu va ang ten
khac loai. Trong d6 cho két qua tét nhat la
PTGG va kém nhat 1a HNOL Pay ciing 1a diéu
da du bao trudc vi may thu tai PTGG cung cap
cac tri do C1C va C2W ciing la nhitng tri do
da dung dé sinh ra san pham vé tinh. Con may
thu tai HNOI cung cap tri do khac loai. Ngoai
ra ang ten trang bi tai HNOI Ia loai thong
thuong khong c6 kha ning chong nhidu tét
nhu nhitng tram con lai.

Hinh 2 thé hién do léch toa d6 PPP giira
CNES va CODE. Céc d¢ léch nay co dd 16n
tuong tu & tat ca 4 tram. Thanh phan do6 léch
huéng Bic dao dong trong gidi han 5 mm,
hudéng Bong 1a £10 mm, va d6 cao la 20 mm.

5. Két luan

Dua trén két qua so sanh PPP theo 2
phuong an dung san pham cia CNES va san

pham cua CODE, ching t6i c6 nhiing két luan
sau:

- Bo chinh xac PPP-AR GPS+GALILEO
24h khi dung san pham caa CNES t6t hon san
pham cua CODE, cu thé c6 thé cai thién do
chinh xac (12, 30, 8)% tuong ng theo hudng
Bic, Dong va do cao. Ty Ié giai tham s6 da tri
CNES 12 97.0% cao hon CODE la 94.4%.

- Sai s6 trung phuong d6 léch toa do PPP
khi ding san pham cia CNES va CODE la
(3.1, 5.5, 11.9) mm theo huéng Béc, Pong va
d6 cao. Sai sé nay 1a hop 1y vi né xap xi /2
lan sai s6 dinh vi cua PPP. Gia tri d6 léch cua
toa trung binh trong 90 ngay 14 rat nho & thanh
phan mit bang (0.6, 2.0) mm, nhung ton tai sai
s6 hé thong khoang 5 mm gitta két qua PPP
dung CNES va CODE.

- Khong c6 su chénh léch 16n vé do chinh
xac dinh vi khi dung nhirng may thu va ang
ten khac nhau. Tuy nhién két qua dinh vi tot
nhét xay ra & cac may thu cd thé cung cap tri
doma C1C va C2W.

V& viéc tai sao CODE lai cho két qua PPP
kém hon CNES du CODE cung cap quy dao
vé tinh 5 pht, gap 3 1an cua CNES (15 phut),
ching t6i cho rang van dé cd thé nam ¢ cac
file ATT. CODE cung cap ATT 15 phit vi vay
can phai tién hanh noi suy tu thé vé tinh & cac
thoi diém do giira 2 thoi diém chuan céch nhau
15 phut, gay ra sai s6 16n hon so voi CNES chi
¢ 30 gidy. Tuy nhién can c6 nhiing nghién
ctu tiép theo dé khang dinh van dé nay.Q
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Comparing PPP-AR GPS+GALILEO accuracy when using cnes and code satellite

products

Nguyen Ngoc Lau, Department of Geomatics Engineering, Ho Chi Minh City University of

Technology, Vietnam

Vietnam National University Ho Chi Minh City, Vietham
CNES and CODE are two of the IGS Analysis Centers. Both Centers currently provide

precision satellite products supporting PPP-AR GPS and GALILEO. To determine the accuracy
of PPP-AR GPS+GALILEO for 24h solution, we processed PPP in 90 days of GNSS data from
01/01/2022 to 31/03/2022 of 4 permanent GNSS stations in the South East Asia region in two
options: using products of CNES and CODE. The results show that using the CNES product
gives a better success rate of ambiguity resolution (97.0% vs. 94.4%), and the positioning
accuracy of (2.8, 3.1, 10.4) mm is better than the CODE (12, 30, 8)%, respectively in North,
East and Up componentsO
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