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TOM TAT

Viéc trién khai cong nghé hé théng giao thdng thong minh (ITS) dugc ky vong sé cai thién dang ké an
toan giao thong dung b va hiéu qua van tai. Mot trong nhitng thanh phéan quan trong cda ITS la dinh vi
xe chinh xac. Dinh vi véi dd chinh xdc tl decimet dén timg mét |3 yéu t6 quan trong trong viéc tu 1di va cac
ting dung tu ddng khac. Hé théng vé tinh dan dutng toan cau (GNSS) dinh vi diém chinh xac (PPP) la mot
cach tiép can dinh vi hdp dan cho ITS do chi phi tuong d6i thap va kha thi. Tuy nhién, GNSS PPP dé bi anh
hudng bdi mot s6 16i, ddc biét la nhitng van dé gay ra bai mdi truong do thi day thach thic. DE dap tng cac
yéu cau vé tinh toan ven cao ctia cac ing dung ITS, can phai phan tich can than cac 16i va that bai tiém an
clia PPP va nghién ctiu cdc phuong phap gidm sat tinh toan ven ¢4 lién quan. Bai bdo nay trinh bay vé cac
16 hdng ctia GNSS PPP tir d6 dé xudt phuong phap gidm sét tinh toan ven cia PPP.

Tirkhéa: Dinh vi diém chinh xdc, hé thong vé tinh ddn duting toan cdu.

ABSTRACT

The implementation of the Intelligent Transportation System (ITS) is expected to greatly improve
road safety and transport efficiency. One of the key components of ITS is precise positioning of vehicles.
Positioning with the accuracy within a decimeter to a meter is essential in self-driving and other
automated applications. The Global Navigation Satelitte System (GNSS) and the Precise Point
Positioning (PPP) is a viable approach for ITS due to the relatively low cost and possibility. However,
GNSS PPP is vulnerable to a number of bugs and errors, especially those caused by the urban
enviroment. To meet the high requirements of the ITS applications, it's necessary to thoroughly
analyze the hidden errors and failures and research about integrity monitoring methods. This paper,
the potential vulnerabilities of GNSS PPP will be presented, thereby suggesting possible methods to
monitor the integrity of PPP.

Keywords: Precise point positioning, global navigation satelitte system.
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1. GIGI THIEU

Cong nghé hé théng giao thong
thong minh (ITS) dua vao mot hoac
nhiéu hé thong vé tinh dan dudng
toan cau (GNSS) dé dinh vi tuyét
déi. Nhing gi dugc yéu cau la mét
chi phi thap, ky thuat dinh vi chinh
xac dén decimet, véi kha nang thai
gian thuc cho phép ty dong hoéa
diéu huéng cac phuong tién [1].
Cac ky thuat dinh vi GNSS kha thi 6
thé duogc st dung trong ITS bao
gém Real Time Kinematic (RTK) va
Network RTK (NRTK). RTK va NRTK
déu la cac cong nghé dinh vi khac
nhau yéu cau moét hodc nhiéu vung
lan canlién tuc van hanh tram tham
chiéu GNSS [2]. Nguoc lai, PPP Ia
mot ky thuat dinh vi tuyét déi cé
thé dugc ap dung bat ci nai nao
trén thé gidi. Phuong phap dinh vi
diém chinh xac (PPP) [3] la mét
phuang phép néi tiéng va dugc st
dung réng rai dé dinh vi bang cach
st dung cac quan sat sai phan bang
0. Phuong phap nay dugc st dung
dé tinh toan toa dé clia mot tram
ma khong can dén tram tham chiéu
gan do lam tram diéu khién. N6 da
dugc st dung trong nhiéu Ung
dung khoa hoc; cu thé la dinh vi
tinh chung [4] cho mang cuc bd
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hoac toan cau, dinh vi déng hoc [5] truyén thai gian [6].
D6 chinh xac ctia PPP dat muc cao nhat sau khi su mo ho
vé pha song mang dugc giai quyét - goi la PPP-AR ( PPP
vGi d6 phan giai mo hé) hodc PPP s6 nguyén it phé bién
hon (IPPP). V&i su lua chon phat trién cla cac tin hiéu
GNSS mai, cdc chom sao GNSS mdi va co s& ha tang, PPP
vGi canh bao phan giai cac diém mo ho theo thai gian
thuc (AR) la mét giai phap thay thé hap dan cho cac ky
thuat dinh vi GNSS.

Hon nifa, su tich hgp ctia PPP véi cac cong nghé khac,
chang han nhu hé théng dan dudng quan tinh (INS) [1],
c6 thé rat ngan thai gian hoi tu va cai thién tinh kha dung
ctia dinh vi [7], lam cho PPP dugc ap dung nhiéu hon,
ngay ca trong moi trudng dé thi. Mot trong nhiing van dé
quan trong déi véi cong nghé ITS la an toan, mét trong
nhing yéu t6 do chinh la dam bao dinh vi dang tin cay.
Tuy nhién, do vé tinh GNSS tin hiéu yéu, phép do GNSS
dé bi anh hudng bdi cac m6i de doa va 16i do vé tinh hoac
may thu cing nhu méi trudng [2, 8], dac biét la trong cac
khu vuc d6 thi noi c6 nhu cau céng nghé ITS nhiéu nhat.
Hon nita, khéng giéng nhu cac ky thuat dinh vi khac nhu
RTK va NRTK, PPP chi dua vao cac théng sé do ludng ti
b6 thu cla nguoi dung [9, 10]. Ky thuat nay anh hudng
bai nhiéu nguén 16i, chdng han nhu déng ho vé tinh, bd
thu sai léch... K&t qua |a, PPP bi anh huéng nhiéu hon béi
cac 16i nhu vay. Hiéu ré vé cac dac diém cda 16 héng PPP,
cac phuang phép giam thiéu 16i la diéu can thiét dé cai
thién d6 tin cdy va tinh toan ven ctia PPP. Muc tiéu la xem
xét cac 16i va méi de doa tiém an trong GNSS PPP cling
nhu cac phat trién nghién ctu va dé xuat phuong phap
dé nang cao giam sat tinh toan ven ctia PPP.
2.CACLO HONG VA PHAN TiCH LOI TOAN VEN TRONG
PPP

PPP la mot ky thuat s dung cac quan sat khong phan
biét tan s6 kép, giad khoang cach, hiéu chinh quy dao va
dong ho vé tinh GNSS dugc tao ra tir mang lugi cac tram
tham chiéu toan cau muc dé chinh xac cao ché dé tinh
hoac dinh vi diém déng hoc [3]. SU dung phuong phap
ti€p can PPP dé tinh toan vi tri may thu, dé léch déng hé
may thu, dé tré thién dinh tang d6i luu. Tuy nhién, diéu
quan trong can luu y la phuong phap nay sir dung mang
luGi cac tram tham chiéu toan cau dé tinh toan quy dao
va déng hé vé tinh can thiét cho viéc trién khai. Mét trong
nhiing cong cu xu ly web dé dinh vi diém chinh xac (PPP)
dugc goi la NRCAN. Céng cu CSRS-PPP ctiia NRCAN cho
phép tinh todn cac vi tri c6 d0 chinh xac cao hon ctia dir
liéu GNSS tho. Thong tin lich thién van vé tinh, dugc
truyén bai cac vé tinh, dugc st dung dé tinh toan vi tri da
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hiéu chinh vai d6 chinh xac tuyét déi cao khéng déi cda
may thu. Diéu nay dugc thuc hién bang cach tai 1én dir
liéu RINEX ttr b6 thu tan s6 kép hodc RINEX tan s6 kép mai
dugc tao ti tan s6 don trén trang web. Trang web x{ ly
d liéu 6 ché a6 tinh (b6 thu c6 dinh) va ché dé dong hoc
(b6 thu chuyén déng). Sau khi cac chinh stra dugc tinh
toan, ching sé dugc gui dén ngudi dung cubi qua
internet. Nhitng hiéu chinh nay dugc may thu s dung,
dan dén viéc dinh vi c6 d6 chinh xac cao ma khong can
dén tram géc. Ngoai ra, cac quan sat cling dugc stfa 16i do
dd nghiéng tuong doéi, bo thu tap trung tam pha (PCO),
bién thé trung tam pha (PCV), tang ddi luy, thay triéu trai
dat, tai trong cla thuy triéu dai duong, va sai léch phan
cting [11]. Cac nguon 16i khac bao gom 16i tang dién ly, 16i
da dau nhon, 16i khédng nhin thang (NLOS) va truot chu ky
van la thach thiic nhat déi véi cac iing dung ITS thai gian
thuc. Cac16i nay gop phan vao hau hét cac vét [om déi vai
PPP dugc thuc hién trong méi trudng dé thi. D& cai thién
dinh vi chinh xac va toan ven, can thiét phai diéu tra can
than tat ca cac nguon 16i nay.

Dé cai thién hiéu suat dinh vi GNSS thi viéc phan tich
cac ché dé 16i c6 thé gitp xac dinh cac yéu cau tich hgp
GNSS, ngan nguia va bao vé khéi nhiing méi de doa c6 thé
xay ra. Trong bai bao nay, cac 16i tiém an dugc xem xét va
dugc trinh bay bai phuong phap phan tich 16i dai dién la
ché& d6 16i va phan tich 16i (FMEA). FMEA thudng lién quan
dén viéc xac dinh tat ca céac 16i tiém an & cac ché do,
nguyén nhan va dac diém cla ching tac dong Ién ngudi
dung, xac sudt xay ra va phuang phap giam thiéu. Cac ché
dé that bai tiém an cda PPP dugc tém tat trong bang 1
[11] va dugc phan loai thanh 5 nhém: vé tinh va tin hiéu,
bau khi quyén, san pham (hiéu chinh), méi trudng lam
viéc va ngudi dung. Cdc mo hinh toan hoc cho cac 16i khac
nhau dugc liét ké trong bang 2 [12].

Bang 1. Téng hop cac ché db 16i cia GNSS PPP

Su that bai Kiéu 16i Xacsuat Nhan xét

A. Vétinhva tin

hiéu

Dir liéu diéu| Budc/16idoc | < 1.10°/h cho mdi|Bao gdm bién

huéng tai Ién vé tinh dang tin hiéu, dao

xdu dong, phan ky
song mang ma
khdng chudn (NSC)

Pong hé vé tinh | Budc/ 16i doc

nhay va tréi

Quj dao bdt|Budc/ 16i doc

thudng va khdng

on dinh
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Gay nhiéu va gia

L6i budc/ nhiéu

Phu thudc vao moi

mao ngau nhién truong

Trugt chu ky L6i budc Phu thudc vao moi
trudng

E. Nguoi ding

Tin hiéu xau|Budc/ 16i doc/

dugc tao hodc|nhiéu  ngau

truyén di nhién

Su' @ khong gian | Budc/ 16i doc

B. B khiquyén

Hién tugng nhap |Budc/ 16i ddc/| Ul (Under
nhay va bién doi [nhiéu  ngau | Investigation) Dusi
hinh cau nhién su nghién cliu

Bién thién tang
ddi luu

Budc/ 16i ddc

ul

C. Sdn phiim

Loi mdy thu va
anten

Loi budc/ nhiéu
ngau nhién

(6 thé gay ra su
dich chuyén
doppler cao, dan
dén tang tiéng on
hodc mat kha néng
theo doi tin hiéu

Phy thudc vao mdy
thu

Loi trong quy
dao va dong ho

Budc/ 16i ddc

1.10% -> 1.10%/h
cho mdi vé tinh

Ubc tinh thuc
nghiém vé hiéu

(o ndng cao

Loi budc/ nhiéu
ngau nhién

Béng 2. Mé hinh toan hoc ctia 16i

Kiéu 16i Mé hinh toan hoc cia I6i Ghi chi
Loibudc  |f(t) =Au(t-ty) Trong d6:
Loi f(t) = R(t-ty) u(t-to) f(t) la gid tri cGa loi
doan/chdm tai thoi diém t
Loi  ngau |f(t) = Ay u(t-to) u(t) 1a ham budc
nhién trong do: don vi va to la thoi
N(0, %) k <t, |9ianbatdauldi
A~ {N(h(k,to),Zk k> t, |Alamicdo i
GOm nhiéu loai I6i, tir su nhap nhay R 13 d6 ddc cha l6i
tang dién ly va cac bién doi tang di |6 1a do léch pha.
Iuu, sai s6 trong cac diéu kién ban dau, |N(m,V): m ta theo
Daodong  |f(t) =Asin(t-6) u(t-t) phan bo Gaussian,
Budc ngdu| f(t) = a(t)/Vdtu(t—t,) |'OImIagE
nhién trung binh 16i, V la
phuang sai
a(t) 1a mot bién
ngau nhién ¢6
phan bd Gaussian

chinh xac chinh nhé RTX

Loi trong hiéu |Budc/ 16i ddc/|~ 1.10°/h cho moi

chinh tang dién|nhiéu  ngdu|vétinh

ly thai gian thuc | nhién

Loi trong hiéu | Budc/ 10i doc ~ 1.10%/h cho moi

chinh tang doi vé tinh

luu thoi gian

thuc

Thong s6 dinh|Budc/16idoc | Ul Chom sao - 16i

huéng trdi dat rong

khdng chinh xac

M6 hinh khong | Dao ddng ul

chinh  xdc cla

trung tdm pha,

anten vé tinh

M6 hinh khong | Dao ddng ul

chinh  xdc cla

trung tam pha

may thu

Xu huéng ma|Chiuanh huéng | Ul

khong chinh xdc

Xu huéng pha |Chiu anh huéng | Ul

khdng chinh xac

D. Tirméi truong

Ma da pha L6i budc/ nhiéu | Phu thudc vao moi
ngau nhién trudng va may thu

Ma NLOS L6i budc/ nhiéu | Phu thudc vao moi
ngau nhién truong

Pa pha song|Nhiéu  ngau|Phu thudc vao moi

mang nhién truGng va mdy thu

S6ng mang, pha

L6i budc/ nhiéu

Phu thudc vao moi

NLOS ngau nhién trutng
(an thiép khdng | Loi budc/ nhiéu | Phu thudc vao moi
chay ngau nhién trutng
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Mit tinh toan ven (LOI)

aPror

ProLsat& sie

PLoLan

Prot proc PLoL user

161 v& tinh
vatin higu

Sirch chi Iié] dén
cac che dj 1ot
Nhom A

Hinh 1. Vi du vé cay |6i toan ven

Bién dfn_
khi quyen

Li chinh sira

Loi ngudi
dung cuoi

MOi frudng xdy ra
Dbat thiong

[ 1

Swed chi Ilé} dén
céc che do 101
Nhom B

Swcd chi néj dén
céc cheé dg 161
Nhém C

Sy ch ghi tiéj dén
céc che dg loi
Nhém D

Sy ch ;lli Iié] dén
cac ché dd 1oi
Nhém E
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Rui ro vé tinh toan ven do cac sai léch dugc trinh bay
& hinh 1, phan tich thanh cac xac suat cda cac loai 16i, nhu
la 16i vé tinh va tin hiéu, khi quyén su bat thudng, 16i clia
san pham, sy bat thudng cda méi trudng hoat déng va 16i
cla ngudi dung cudi [13]. Tinh toan ven la mét yéu cau
quan trong do6i véi diéu hudng va dinh vi thoi gian thuc,
cho ca cac ung dung quan trong vé an toan va trach
nhiém phap ly vi cdc méi de doa va |6i tiém an déi véi dinh
vi GNSS c6 thé gay hau qua nghiém trong. N6 bao gém
nhling kha nang cung cap cac canh bao hgp lé va kip thai
cho nguai dung khi hé thong bi cac méi de doa va cac 16i
gay nén.

Tinh toan ven c6 thé dugc dic trung cac dac diém
chinh sau [14]:

- Gigi han canh béo (AL): Vi tri t6i da chap nhan dugc
16i, vugt qua muc thi mot canh bao sé dugc kich hoat. N6
c6 thé dugc dac trung thém 1a AL ndm ngang (HAL) va AL
doc (VAL).

- Thai gian canh béo (TTA): Thai gian t6i da cho phép
trudc khi dua ra canh bao vi hé théng vugt qua muc do
cho phép.

- Rui ro toan ven (IR): Xac suat (trén moét don vi thai
gian) ma |6i vi tri vugt qua AL.

- Mic bao vé (PL): Udc tinh gidi han trén 16i vi tri véi
xac suat khong I6n hon IR yéu cau. N6 c6 thém dac trung
PL ngang (HPL) va PL doc (VPL).

AL, TTA va IR thuong dugc quy dinh la tinh toan ven
yéu cau, PL dugc tinh toan bdi ngudi dung hoac bai hé
théng giam sat. PL dugc tinh toan sau dé dugc so sanh
vGi AL va 16i vi tri thuc té (néu biét) dé xac dinh xem:

(a) Hé théng khéng kha dung (khi PL > AL)

(b) MOt su kién toan ven xay ra (khi AL > PL)

3. CAC PHEP PO TU MAY THU PEN VE TINH

St dung ky thuat PPP dé cai thién do chinh xac trong
dinh vi, @€ lam dugc diéu dé dau tién 1a viéc sir dung cac
mo ta chinh xac vé quy dao vé tinh va hoat dong déng hé
clia chung so vGi nhitng moé ta c6 trong cac thong bao
diéu huéng. Dir lieu d6 dugc cung cap bdi dich vu GNSS
qudc té (IGS) thong qua mang lugi theo déi va trung tam
phan tich toan cau cta no.

Gi& day, dung la ngudi dung cé thé c6 dugc dd chinh
xac cao trong dinh vi GPS bang céch st dung ky thuat vi sai
trong dé dit liéu tir mét hodc nhiéu tram géc hoac tram
tham chiéu dugc két hop véi dit liéu tir mdy thu ngudi
dung. Tuy nhién, bang cach st dung cac san pham chinh
xac va moé hinh GPS, ky thuat PPP khéng con yéu cau vé
tram g6c dugc truy cap truc ti€p. Ngoai ra PPP st dung cac
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phép do pha sbng mang thay vi cdc khodng cach gia vi céc
phép do pha séng mang thudng c6 dé nhiéu rat thap so
vdi phép do khodng cach gid, cac phép do sdbng mang cé
dé chinh xac t6t hon so vai phép do khodng gid. Cac phép
do ma va pha dugc tinh toan nhu sau:

P3 = pf + cAt+ T7 + 1§ + b + by; + E}; (1)

2
Py = pr + cAt+ T¢ + 517 + b + by + Ep; ()
j

LLi = A@r; = pf + cAt+ T — I}

FANE WS + B + Bri + €75 3)
2

f:
Lf;’j = Ajcpﬁ’j =pi+cAt+ TS — f%l?
j

FGNE WS + BF + B + €75 (4)
Trong dé:
P?;, Py Phép do ma tai mdy thu r tu vé tinh s trén tan
sO i hodc j (m);
+i» Lt j: Phép do pha tai may thu r tir vé tinh s trén tan
s6 i hoacj (m);
p:: Khodng cach gitta may thu va vé tinh (m);
At (At = 8t — 8t%): Hiéu chinh déng hé gitia vé tinh
(6t%) va may thu &t,;
TS: D6 tré cla tang déi luu (m);
I5: DO tré tang dién ly (m);

s .
r,i’

tan s6 i hoac j (m) bao gém tat ca cac nguén 16i ma: da
dudng va nhiéy;

E}; : Cac 16i do ma tai mdy thu r tu vé tinh s trén

f;, f;: Tan s6 séng mang i hodc j (Hz);

c: T6c d6 anh sang trong chan khéng (m/s);

A, Aj: Budic séng clia tan s6 song mang i hodc j (m);
®ri, @rj: Phép do pha séng mang tai mdy thu r tur vé

tinh s trén tan s6 i hoac j (chu ky);

S.
r,i’

N3 ;: D6 mo ho pha séng mang s6 nguyén tai may
thu r tr vé tinh s trén tan s6 i hoac j;

W;: Chu ky pha séng mang anh hudng cua gio;

b®, b,: DO léch pha ma cla vé tinh va may thu (m);

B3, B,: D6 léch pha séng mang cla vé tinh va may thu
(m);

8S

i’
tinh s trén tan s6 i hoac j (m) bao gom tat ca cac ngudn 16i
pha, d6 léch tam pha va tam pha con lai chua dugc hiéu
chinh bién thién, da dudng va nhiéu.

TU bdn phuang trinh (1)-(4), c6 thé hinh thanh t6 hop
tuyén tinh Melbourne-Wiibbena c6 dac tinh gidam nhiéu

sﬁ_j: la sai s6 do pha séng mang tai may thu r tir vé
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do ludng va loai bd moi s6 hang hinh hoc, tang dién ly va
déng hé:

MW? = A1y

- (fifTiijSi —ﬁLS ) - (%ifjprfi + fifTiijgj)

= At (N5 = N§j = 1° + 1,0

= Awl (N\S/vl,r -+ Mr(t)) (5)
Trong do6:

MWSE: T6 hop tuyén tinh Melbourne-Wiibbena tai may
thu rturvé tinh s (m);

At (A = ¢/fi = £) = LA/(A — A): Budc séng lan
réng (WL) (m);

wlr (N

tuvétinhs;

us: Do tré dén tu vé tinh;

. (t): Do tré dén tir may thu.

= Nii — Nij): D6 mo h6 WL tai mdy thur

wl,r

Nguai ta quan sat thay rang déi véi hé théng GPS, ps
6n dinh trong thai gian dai va c6 thé dugc coi la khéng
déi trong it nhat mét ngay [15]. DSi véi hé théng Galileo,
chang én dinh trong thai gian dai hon; 1én téi hang thang
[16]. D tré p.(t) dugc coi la thay d6i theo thai gian vi nd
phu thudc vao hoat ddng ctia méi may thu.

Sau khi xac dinh dugc Ny, ., budc tiép theo la hinh
thanh mét té hgp tuyén tinh khong co tang dién ly c6 dac
tinh triét tiéu bac mét clia cac hiéu Ung tang dién ly.
NhUing su két hgp nay st dung phuong trinh & hai tan s6,
trong d6 4p dung cho chiing mét hé s6: a; d6i vai tan s6 i
va aj d6i vai tan so j tuong tng [171].

£

4T e (©)
i~h
_ —f
&G = 717 @

S dung cac hé s6 va phuong trinh (6) va (7) 6 trén, cac
t6 hop tuyén tinh khéng cé tang dién ly déi véi pha ma
va sobng mang trg thanh:

PrSIF = (XP + O(] pr + cAt + TS + EI' IF (8)
rIF O(1]-‘r1 + O(]Ls,j
=p$+ cAt+ TS + 7 fz (FNS; — £N3))

C

}\nlkwl N

wlr

= p} + cAt + T7 + Ay Ng; +

+ A W? + €815 9)
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Trong dé:

Pir: Phép do ma phi tang dién ly tai mdy thu r ti vé
tinh s (m);

E} 1p: LO6i do ma phi tang dién ly tai mdy thu r tir vé tinh
s (m);

L} ir: Phép do séng mang khong cé tang dién ly tai
may thu r tu vé tinh s (m);

& 1p: Sai s6 do séng mang khong c6 tang dién ly tai
may thu r tur vé tinh s (m);

At (A1 = ¢/fi + £) = A/ + A)) : Budc séng lan
dudng hep (NL) (m).

Bang 3. Cac gia tri cho budc song lan rong va lan hep

Tan s6 GNSS Ay (m) Ay (m)
GPS (L1, L2) 0,862 0,107
Galileo (ET, E5a) 0,751 0,109

Cac quan sat vé ty |é mo ho ¢6 dinh déi véi GPS va
Galileo nhu thé hién trén hinh 2, 3.
©  GPS fixed narrowlane N1

®  GPS fixed widelane Nw1 (L1, 12)
& GPS fixed widelane Mw2 (L2, L5)
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Hinh 2. Ty 1& ma hé cd dinh chi ¢6 GPS
¢ Galileo fixed narrowlane N1
o Galleo fixed widelane Nw1 (E1, ESa)
*  Galileo fixed widelane Nw2 (E1, E5b)
o Galileo fixed widelane Nw3 (E1, E6)
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Hinh 3. Ty 18 ma hd c6 dinh chi ¢6 Galileo

bay la mét trong hai loai do ludng chinh dugc st dung
bdi tat ca cac mdy thu GNSS. Vé co ban, né la pha tuic thoi
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cla séng mang tin hiéu GNSS, mot séng dién tur c6 dinh
bién d6 va tan s6 (khi dugc truyén di), dugc diéu ché (tuy
chon) bang mot ma khoang cach va mét tin diéu huéng.
N6 dugc do bang radian, d6 hodc chu ky va c6 thé dugc
chuyén d6i thanh do sai léch pham vi gilta anten clia may
thu va vé tinh bang cach nhan gia tri theo chu ky véi budc
s6ng mang tinh bang mét [14].

4. GIAI PHAP MULTI - GNSS KET HOP

Trong nhiing ndm qua, nhiéu ky thuat da dugc phat
trién dé st dung cac phép do pha séng mang dé dinh vi,
dang chu y nhat la trong dinh vi vi sai trong d6 mét hoac
nhiéu tram tham chiéu dugc st dung dé dinh vi ngudi
dung may thu. Tuy nhién, mét van dé tiép tuc can trg viéc
ap dung réng rai han cda no la thai gian hoéi tu can thiét
dé su ma ho clia pha séng mang dugc gidi quyét hoan
toan sao cho nguéng dd chinh xac 10cm [10]. Vi vay xem
xét viéc sirdung cac phép do tu su két hop GPS va Galileo
c6 thé hitu ich.

u® GPS RINEX
u* Galileo \ /
Tign xdr Iy
T
L i
Myt GPS
MN... Gallieo
|
L
Quy dao vé tinh 1. % ly » PPP
va dbng hd M
[
h 4
Cac phép do
T
T
¥
58 nguyén

1
¥

Trén pha GPS
va Galileo
T

2. Xl ly »| PPP-AR

Hinh 4. Quy trinh thyc hién dinh vi diém chinh xéc (PPP) va PPP-AR clia
giai phap két hop (GPS + Galileo)

Hinh 4 dua ra hinh anh téng quan vé phuong phap
PPP va PPP-AR dugc st dung. IGS bién soan 1 b6 di liéu
hiéu chinh vé trung tam pha anten (APC), bién thién trung
tam pha (PCV) cho tram mat dat va vé tinh, dugc cung cap
dudi tép ANTEX. Day la nhing dir liéu quan trong dé tinh
toan khoang cach gitia vé tinh va may thu tan sé. Ban dau,
can c6 cac puScung vai tép RINEX cda tram. Giai doan tién

Vol. 60 - No. 8 (Aug 2024)

xU ly strdung MW¢ quan sat dugc hinh thanh tir cac quan
sat RINEX riéng |é va d6 léch GPS va Galileo p3dé tim Ny, ..
Sau dd, cac san pham N3,1r» quy dao vé tinh va déng ho
quy dao dugc st dung lam dau vao dé hinh thanh cac
phép do cho qua trinh x{ ly dau tién. Hé phuong trinh
dugc giai cho gidi phap PPP. Trong truong hgp gidi phap
PPP-AR, quy trinh ti€p tuc sau khi da cé dinh N; thanh s6
nguyén. Trong qua trinh x{ ly thit hai nay chu yéu la phép
do song mang khéng cé su mao trong tang dién ly dugc
st dung cho GPS va Galileo.

East Displacement (RMS= 1146 cm) ——
4 r North Displacement (RMS= 11.75 cm) ——— -
Covariance

Displacements (m)

-6 -5 -4 -3 -2 -1 0
6h sliding Window, last epoch: 2024/03/04 06:53:0 (UTC)

Hinh 5. Gidi phap PPP chi st dung GPS
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4 r North Displacement (RMS= 18.60 cm) ——
Covariance

Displacements (m)
o

i
-6 -5 -4 -3 -2 -1 0
6h Sliding Window, last epoch: 2024/03/04 06:53:0 (UTC)

Hinh 6. Gidi phap PPP chi st dung Galileo
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Hinh 7. Gidi phap PPP-AR s{t dung GPS - Galileo
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Hinh 5, 6, 7 da dua ra giai phap PPP va PPP-AR danh
cho chi Galileo, chi GPS va su két hop clia ching. Cé thé
thay rang muc d6 chinh xac clia cac giadi phap chi dung
Galileo va GPS gan nhu tuong duong nhau. Nhan thay
mét s6 diém bat thudng nhat dinh trong PPP gan nhu
bién mat trong giai phap PPP-AR. M6t s6 budc nhay trong
giai phap PPP khong con xuat hién khi thuc hién xa ly
PPP-AR. Ché d6 PPP-AR dugc thé hién mugt ma va tuyén
tinh hon ché d6 PPP. Diéu nay cé nghia la viéc két hgp
GPS va Galileo sé cai thién hiéu suat dinh vi & ché d6 PPP.
5. KET LUAN

Chung t6i da nghién ctu hiéu suat ctia PPP va PPP-AR
bang GPS, Galileo va cac phép do két hop cua hai hé
théng trén mét mang toan cau. Céac gidi phap Multi -
GNSS cho két qua tét hon nhiéu so véi hai hé théng su
dung riéng biét. K&t hop nhiéu chom sao va st dung
nhiéu tan s cho phép dé cai thién hiéu suat gidi quyét su
mao hé. Két hgp Galileo va GPS cho phép cac giai phap PPP
va PPP-AR & cdp d6 cm va hoi tu day da trong vong mot
vai chu ky. Chuing t6i hy vong rang tinh manh mé va chinh
xdac clia cUa gidi phap trén sé dugc cai thién trong tuong
lai, v&i su tang s6 lugng vé tinh da tan s6 va tram mat dat,
cac tan s b6 sung dugc cung cip bdi BeiDou va cac hé
thong vé tinh sé tang toéc do héi tu hon nlta. Trong vong
mot vai nam, PPP rét cé thé trg thanh mét phuong thiic
thiét thuc thay thé RTK cho nhiéu ting dung.
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