Nghién ciru
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TOm tit:

Gdn ddy, dinh vj diém chinh xac (Precise Point Positioning - PPP) da diwroc nhiing cai thién
ddng ké nho vao cac san pham PPP ciia mét so dich vu khac nhau. Nhing dich vi ndy cung cdp céc
san pham PPP khac nhau ¢ khd néng gidi da tri (Ambiguity Resolution - AR) va cac hé thang vé tinh
dinh vi. Chling t6i mudn nghién ciu xem cac hé thong ngoai GPS bé sung va viéc gidi da tri sé anh
hieong nhie thé nao dén dg chinh xéac cia PPP. Bang cach xiz 1y dir liéu GNSS 24h tai 47 tram thirong
triec 1GS véi cac chon lwa khac nhau vé AR va su két hop cia cac hé thong vé tinh, két qua cia ching
t6i cho thay khéng co su cdi thién vé dé chinh xdc dinh vi doi Véi gidi phdp tinh 24h (2.1, 2.1, 5.8mm
¢ cé&c thanh phan hwéng Bdac, Pong va do cao). Tuy nhién, su két hop cia GPS + GLONASS +
GALILEO véi GPS AR mang lai dé chinh xac tot nhdt ¢ dinh v; tieng thoi diém (6.6, 6.2, 20.2mm).
So véi truong hop chi dung GPS véi AR, tlly chon nay c6 thé cdi thién dé chinh xdc Ién dén 26% trén

thanh phan dg cao.

1. Giéi thiéu

Dinh vi diém chinh x4c cao (Precise Point
Positioning - PPP) 1a phuong phap dinh vi xu ly
dong thoi cac tri do pha song tai va tri do gia cu
ly tir mot may thu GNSS duy nhét, cting véi viée
ap dung cac san pham chinh xac vé quy dao va
dong ho vé tinh. T6 chirc uy tin nhat cung cip
cac san pham dong hd va quy dao GNSS chinh
xac cho nguoi dung dan su 1a Dich vu GNSS
Quéc té (International GNSS Service -IGS) [5].

PPP truyén thong bit dau vao cudi nhitng
nam 1990 [1], khi coi tham s da trj trong tri do
pha 1a mét an s bd sung dé wéc tinh cing véi
cac 4n sb khac nhu toa do may thu, do tré tﬁng
d6i Iuu, v.v. Bang cach nay, gi4 tri udc tinh ctia
tham s6 da tri 1a gia tri thyc. Toa d§ may thu nhan
duoc trong truong hop nay duoc goi la nghiém
troi.

Viéc giai da tri cho PPP (PPP-AR), ttrc 1a tim

gia tri nguyén chinh xac cho cac tham sb da tri,
chua thé thuc hién dugc vi ching ta khong thé
tach do tré tin hiéu cia phan ctng vé tinh khoi
tham s6 nay. Nhitng nd luc dé giai da tri cho PPP
bat dau tir nam 2005 [3, 4], khi mot s6 nha nghién
ctru va t6 chire khoa hoc tim cach xéac dinh do tré
ctia phan ctmg vé tinh théng qua mang ludi cac
tram GNSS ¢6t 15i va truyén sd hiéu chinh nay
t6i nguoi dung bang mot trong vai cach khéc
nhau [12]. Néu cac tham s da trji ¢6 thé duoc
tach biét va thay thé bang cac sé nguyén chinh
xac, diéu nay co thé tang do hdi tu PPP dé cung
cap d6 chinh xac cm ¢ mit bang chi trong vai
chuc phat hodc tham chi chi vai phut ké tir khi
bat dau do. Nghién ctru trude dy cua ching toi
vé PPP-AR [15] d3 chi ra ring PPP-AR c6 thé
cai thién do chinh xac dinh vi 1én dén 30-38% &
thanh phan huéng Bic khi so sanh v&i PPP
khong c6 AR.

Trong nhitng nim gan day, s6 luong cic hé
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thong vé tinh dinh vi da tang 1én nhanh chong.
Ngoai GPS, nhitng hé théng khac nhu
GLONASS, GALILEO, BEIDOU déu c¢6 sin
cho ngudi dung trén toan thé giéi. PPP khong co
AR véi da hé thdng vé tinh c6 kha ning cung cap
d6 chinh xac tot hon 1 cm khi do tinh 24 gio va
t6t hon 1 decimet khi do dong [16, 17, 18].

Trong bai béo ndy, ching t6i mudn nghién
ctru khi thém vao cac hé théng vé tinh ngoai GPS
va vi¢c giai da tri s€ anh hudng dén d6 chinh xac
ctia PPP nhu thé nao? Khi két hop dong thoi viée
giai da tri va xir Iy da hé thong vé tinh GNSS, d6
chinh xac ctia PPP c¢6 thé duoc cai thién nhu thé
nao? Chiing toi trinh bay tém tit vé phuong phap
giai da tri cho PPP bang cach sir dung cic san
phiam PPP-AR trong phan 2. Phan 3 giéi thiéu
cach lua chon cac tram do GNSS dé danh gia do
chinh xac ciia PPP-AR. Két qua va két luan s&
dugc trinh bay trong phan 4 va 5 ciia bai bao.

2. Cac san pham PPP-AR cho viéc gii da
tri va xir Iy da hé thong vé tinh GNSS

Chung ta c6 thé giai da tri cho cac tri do pha
song tai tir mot may thu duy nhat bang cach ap
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dung cac san phim vé tinh bd sung, trong do
thanh phén 1¢ - dai dién cho d0 tré phén cung vé
tinh - d3 tach biét voi cac tham s da tri trong
viéc xu Iy mot mang ludi GNSS. Mot trong
nhirg phuong phap tao ra cac san phim nhu vy
bang cach 14y trung binh cc phan 1é cia cac
tham sb da trji wdc lugng dugc ¢ dang s6 thuc.
Mot phuong phap khac 13 wdc tinh d6 1éch dong
hd may thu trong cac tri do gia cy ly va tri do pha
mot cach doc lap béng cach ¢b dinh trudc tham
s6 da trj vao cac sb nguyén.

Theo [12], hi¢n c6 ba cach tiép can dé tao ra
cac san pham PPP-AR: phan 1¢ chu ky
(Fractional Cycle Bias - FCB), dong ho khoi
phuc nguyén (Integer Recovery Clock - IRC)
[10] va dong ho tach rdi (Decoupled Clock - DC)
[8]. Bdi voi nguoi ding PPP, mé hinh toan hoc
cua ba phuong phap trén 1a twong tu nhau. Céc
san phdm PPP-AR nay khac nhau nhung chta
cing mot thong tin. Do d6 ching c¢6 thé duoc
chuyén ddi tir dang nay sang dang khac. Tong
quan vé cac nha cung cip khac nhau va san pham
ctia ho dugc thé hién trong hinh 1.
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Hinh 1: Cac nha cung cap san pham PPP-AR khac nhau (chdp nhdn tir [12])

Can nhan manh rang trudc nim 2019, tat ca
cac san pham PPP-AR chi phuc vu cho GPS. Do
do, viéc giai da tri trong PPP trudc 2019 chi ¢
thé thuc hién dugc ddi véi cac tri do pha GPS.

Cheng va Wang [11] d4 so sanh két qua PPP
khi str dung céc san pham PPP-AR duéi dang
IRC va FCB va két luan rang mic du cac phuong
phép nay twong tu nhau vé ly thuyét nhung trén
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thuc té PPP-AR dua trén IRC hoat dong tét hon
maot chdt so voi PPP-AR dua trén FCB do sai 56
hé thdng cua wdc tinh FCB.

Trong bai bdo nay, chdng téi st dung san
pham IRC cua Trung Tam Khong gian Qudc gia
Phdp (Center National d’Etudes Spatiales -
CNES). CNES hién la mét trong nhiing trung
tam déng gop vao san pham cua GPS,
GLONASS va GALILEO va hiéu chinh dong hd
cho 1GS. Viéc &p dung cac san pham CNES vao
PPP-AR dugc mo ta chi tiét trong bai bao [10].
Sau day ching t6i chi tom tit nhiing diém chinh

Tri do pha song tai khong bi anh huong tang
dién ly gitta may thu i va vé tinh k duoc biéu thi
bang

Oy =p +T +om, + c[dti —dt* ]+ c[&i -5 ]+ bt +ely (1)

Trong do:

+ p! 1a khoang céch hinh hoc gitra may thu
i vavé tinh k

+ T 1a do tré ddi luu

+ o/, la anh huong cua da duong

+ dtj va dtk 12 sai s6 ddng hd may thu i va vé
tinh k

+ 8 va 8 va do tré phan cang cua may thu i
va vé tinh k

+ g la d6 nhiéu may thu

+ b, 1a tham s6 da tri. D4i v6i muc dich giai

da tri, big dugc phan tich thanh dang
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Trong do:
3. Thu thép s6 liéu GNSS va xir Iy PPP

+ @, va @, 14 tri do pha trén tan s6 f1 va f2

+ P31 va P2 1a tri do gia cu ly trén tan s6 f1 va
f2

+ ON{,, 12 s0 hiéu chinh dai rong

O dang hi¢u gitta cac v¢€ tinh, ®3 c6 dang
Sau:

ADY, ~ ApH + AT —cldt* +5* |+
c[dt' +6' ]+ LA + Agf, (4)

(dt* +5*) duoc goi 1 s6 higu chinh déng
hd pha ciia vé tinh k.

Dai véi cac tri do GLONASS, GALILEO va
BEIDOU, chling ta van dung cung phuong trinh
(4). Nhung khac véi GPS 1a chiing khong c6 s6
hiéu chinh dai rong va dong hd pha. Do d6 khdng
thé giai tri cho nhiing tri do nay. Khi d6 cac tham
s6 da trj trong (4) duoc coi la cac gia tri thyuc
(khdng phai 1a s6 nguyén). Bé loai bo sai léch ton
tai giira cac hé théng vé tinh khac nhau (Inter-
System Biases - ISB) khi xt ly két hop, chiing ta
can phai thanh lap hiéu giira cac vé tinh trong
cling mot hé théng.

IRC ciia CNES hién cung cip s hiéu chinh
dai rong hang ngay va s hiéu chinh déng ho pha
clia cac vé tinh GPS mdi 30 gidy. Vi vay, dé giai
da tri cho GPS dong thoi véi qua trinh xir 1y
nhiéu GNSS, ching t6i thyc hién quy trinh gdm
2 budc:

Buéc 1: Su dung t6 hop Melbourne-
Wubbena véi s6 hiéu chinh dai rong dé uéc tinh
va giai tham s da tri dai rong Nw cho GPS. Str
dung @3 v6i sb hiéu chinh déng hd pha dé woc
tinh tham sd da tri b3 cho GPS. Giai tham s dai
hep N1 cho GPS duya trén Nw va udc lugng b3.

Budc 2: Loai bo b3 khoi @3 ciia GPS, dong
thoi coi b3 clia cac tri do khac GPS 1a an s6 bd
sung dé udc tinh cung véi toa dd may thu va cac
tham s6 tré ting ddi luu.
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Hinh 2: V; tri cac tram do da hé théng vé tinh cia 1GS

Pé danh gia do chinh xac PPP mot cach dang
tin cdy, toa do chinh xac cta cac tram GNSS la
quan trong va phai nam trong cing mot hé toa do
v6i quy dao vé tinh chinh xac va cac sd hiéu
chinh déng hd. Gan day, IGS di thong qua mot
hé toa d6 mai, duoc goi la IGS14, vao ngay 29-
01-2017 (Tuan 1& GPS 1934) [14]. Dong thoi,
kem theo do la mot tap ang-ten vé tinh va ang-
ten mat dat da dugc cap nhat co tén la igs14.atx.
Viéc chuyén doi tir IGb08/ igs08.atx sang
1GS14/igs14.atx da dugc cong bd vao ngay 21-
12-2016 béi dai dién clia cac nhém lam viée vé
khung tham chiéu va ang ten IGS, ciing nhu cac
Diéu phdi vién ciia Trung tam.

Dt li¢u cua 47 tram GNSS do vao ngay 21-
08-2018 duoc tai xudng cing véi quy dao va sb

hiéu chinh d@)ng hd vé tinh chinh x4c cua CNES.
May thu trang bi tai cac tram nay déu 12 loai da
hé théng vé tinh (xem Hinh 2). Toa d6 cta cac
tram dugc cung cap trong IGS14 voi do chinh
x4c vai mm vao thoi diém nam 2010.0. Nhiing
dir liéu nay dugc xu 1y bang phan mém PPPC, do
chung t6i phat trién tir nim 2010 [7]. Phan mém
PPPC c6 kha ndng xir 1y dir liéu GNSS & ca hai
ché do tinh va dong va cho nhiéu hé théng v¢ tinh
khac nhau nhu GPS, GLONASS, GALILEO,
BEIDOU va QZSS. Gan day nhat, chung t6i da
nang cap PPPC véi kha nang giai da tri khi ding
cac san phém IRC ctua CNES. Mot sb cai dat
chung khi xtr Iy bang PPPC duoc cho trong Bang
1.

Bang 1: Cac tham sé cai dat trong xi Iy PPP bang PPPC

Noi dung

Gia tri

Ban lich va s6 hiéu chinh
dong ho vé tinh chinh xac

CNES

Tri do Ps va @3 ¢ dang hiéu gitra cac vé tinh
Goc ngudng Vvé tinh 5°

Sai s6 tri do Exp(-£/9°), & 1a gbc cao vé tinh

X 1y do tré dbi luu 1 tham s6 TZD cho méi 30 phut va 2

gradient cho méi 12 gio

Ham anh xa doi luu

VMF1

Giai da tri

GPS

Giai da tri dai rong trudc, dai hep sau cho
GPS. Khéng giai da tri cho cac vé tinh khéc
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Trong héau hét cac tram GN'SS d3 chon, c6 rat
it tri do BEIDOU va chu yéu & nhitng tram nam
trong khu vuc Chau A - Thai Binh Duong. Mit
khac, cac san pham ctia CNES van chua cung cap
quy dao va dong hdé vé tinh chinh xac cho
BEIDOU. Do d6, ching t6i quyét dinh bé qua
cac tri do BEIDOU trong nghién ctru nay. Dé
khao sat do chinh x4c cia PPP do anh huong boi
AR va multi-GNSS, dit liéu cho mdi tram do
duogc xtr 1y theo bdn trudng hop sau:

- TH 1: chi dung tri do GPS c6 giai da tri

- TH 2: dung tri do GPS c6 giai da tri va
GLONASS khong giai da tri

4. Két qua va phan tich

- TH 3: dung tri do GPS c6 giai da tri va
GALILEO khong giai da tri

- TH 4: dung tri do GPS c6 giai da tri va
GLONASS+GALILEO khong giai da tri

M&i truong hop duoc xir Iy hai 1an cho két
qua tinh 24 gio va tung thoi diém. Toa do tram
nhan dugc tr qua trinh xr 1y ting truong hop
duoc so sanh voi gia tri chinh xac cua chung theo
3 thanh phé‘ln: Bic, bong va d cao. Nhitng do
léch nay giup chung toi tinh toan sai sd trung
phuong cua cac thanh phan huéng Bic, Pong va
d6 cao. Két qua cho nghiém xu 1y tinh trong 24
gio dugc thé hién trong Bang 2. Két qua cho
nghiém xir Iy ting thoi diém cho trong Béang 3.

Bang 2: So sanh két qua Xk Iy tinh 24h

\ SSTP (mm)
Trudng hop Bic | Pong | Pocao | 3D
GPS only with AR 2.1 2.1 5.8 6.5
GPS with AR + GLONASS 2.1 2.0 5.8 6.5
GPS with AR + GALILEO 2.1 1.8 5.9 6.5
GPS with AR + GLONASS 2.1 1.8 5.9 6.5
+ GALILEO

Két qua cua bang 2 cho thay khdng c6 su
khéc biét vé do chinh xéac dinh vi giira cac truong
hop. Viéc bd sung thém nhiéu vé tinh khong cai
thién d6 chinh xac ctaa nghiém 24 gio. Chang toi
cho rang thoi gian 24 gio 1a di dai dé két qua cua
tat ca cac truong hop déu hoi ty & ciing mot gia
tri. Hon nita, viéc khong giai da tri cho cac tri do
khac GPS s¢€ lam giam d¢ chinh xac cua chung,

va dan dén khong thé dong gop dang ké vao do
chinh xé&c cudi cung nhu GPS. Két qua cua
truong hop 1 cling gidng véi nghién ciu trude
day cua chung t6i da thyc hién vao nam 2017
[15] va Bertige va céc cong su [6] (2.9, 2.1, 6.0)
mm hoac Geng va cac cong su [9] (3.6, 2.3, 6.4)
mm.

Bang 3: So sanh két qua xa Iy tieng thoi diém

\ SSTP (mm)
Truéng hep Bic | Pong | Pocao | 3D

GPS only with AR 8.8 7.5 27.2 | 29.6
GPS with AR + 7.0 6.7 23.2| 251
GLONASS

GPS with AR + GALILEO 7.3 6.8 23.0| 25.1
GPS with AR + 6.6 6.2 20.2 | 221
GLONASS + GALILEO

Cai thién 25% 17% 26% | 25%
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D6i voi nghiém khi xtr 1y timg thoi diém, két
qua cua tit ca cac truong hop 1a kha khac nhau.
S6 lugng vé tinh khac GPS tai mot thoi diém do
d3 1am cho nghiém hoi tu nhanh hon. C6 thé thdy
ro réng muc do cai thién do chinh xac phu thude
vao sd luong hé théng vé tinh dugc b sung. Mac
du dong gop it vé tinh hon GLONASS, su két
hop ctia GPS + GALILEO van cho d6 chinh x4c
tvong duong voéi su két hop cua GPS +
GLONASS, va tét hon GPS only. D6 chinh xéac
cao nhit co thé dat duoc véi truong hop 4. So véi
truong hop chi ding GPS, thanh phan dugc cai
thién nhiéu nhat 13 do cao (26%), tiép theo 1a
hudng Bic (25%) va huéng Dong (17%).

5. Két luan

Chung t6i d kiém tra 6 chinh xac ctia PPP
vGi viée giai da tri va da hé thong vé tinh trén
mot tp hop gom 47 tram GNSS vao ngay 21-08-
2018 & hai ché do: tinh 24 gid va timg thoi diém
do. Két qua co thé dugc tom tit nhu sau:

* D6 chinh xac cua giai phap 24 gid 1a nhu
nhau ddi voi tat ca cac trudng hop xtr 1y (2,1, 1,9
va 5,8 mm & cac thanh phan Pong, Bic va do
cao). Viéc thém nhiéu vé tinh khac GPS vao gidi
phap khong cai thién d6 chinh x4c cua PPP. Piéu
nay c6 thé thay doi trong twong lai khi cac san
pham PPP-AR c6 thé mé rong cho cic vé tinh
nay.

« Do chinh xac cta viée xir Iy timg thoi diém
phu thudc rd rang vao sé lwong GNSS duoc st
dung trong qua trinh xtr 1y. Sy két hop giita GPS
+ GALILEO cho d¢ chinh xac tuong duong véi
su két hop ctia GPS + GLONASS va tét hon so
vo1 GPS only. Bo chinh xéc cao nhét co thé dat
dugc khi két hop GPS + GLONASS +
GALILEO. So véi truong hop chi c6 GPS, thanh
phﬁn duogc cai thién nhiéu nhit 13 do cao (26%),
tiép theo 1a hudng Bic (25%) va hudéng Dong
(17%).

Véi @6 chinh xac dat duoc cua PPP khi ¢6
AR va multi-GNSS, cho phép chling ta m¢é rong
cac ung dung ctia PPP dé giam sat chuyén dich
ctia mat dat & trang thai cham hoac dot ngot mot

cach chinh xac va hi¢u qua hon so véi phuong
phap dinh vi twong dbi va PPP truyén thong.Q
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Precise point positioning accuracy with ambiguity resolution and multi-gnss

Nguyen Ngoc Lau, Department of Geomatics Engineering, Ho Chi Minh City University of
Technology, Vietnam. Vietnam National University Ho Chi Minh City, Vietnam

Nguyen Thi Thanh Huong, Institute of Geodesy and Cartography, Vietnam

Recently, the accuracy of precise point positioning (PPP) has improved significantly thanks to

PPP products from several services. These services provide different PPP products in terms of their
ability at ambiguity resolution (AR) and the number of available satellite systems. We would like to
study how additional non -GPS systems and AR treatment affect PPP accuracy. By processing 24h
GNSS data at 47 IGS permanent stations with different options for AR treatment and the combination
of different satellite systems, our results show that there is no accuracy improvement on the 24h
solution (2.1, 2.1, 5.8mm in North, East and Up components). However the combination of GPS +
GLONASS + GALILEO with GPS AR gives the best accuracy on the epoch-by-epoch solution (6.6,
6.2, 20.2mm). Compared with the cases of GPS only with AR, this option can improve the accuracy
up to 26% on the Up component.O
Keywords: PPP; Multi-GNSS; IGS; ambiguity resolution

TAP CHi KHOA HOC PO PAC VA BAN PO SO 49-9/2021 7



