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PINH VI TUYET POI KET HQP BA HE THONG
GPS, GALILEO VA BEIDOU
NGUYEN NGOQC LAU®, TRAN VAN NAM®

O Triwong Dai hoc Bach khoa TP. Hé6 Chi Minh
@Triwong Dai hoc Lam nghiép - Phan hiéu phia Nam

Tém tiit

Nham muc dich ndang cao do chinh xac va khdc phuc nhitng kho khan khi dinh vi GPS thong
thuwong khong dat két qua tot, chiing t6i da nghién ciru dinh vi tuyét doi xvr Iy tri do gid cu ly két hop
ba hé thong GPS, GALILEO va BEIDOU. Két qua xit Iy tai 5 tram dolGS thuwong triec cho thdy dg
chinh xdc dinh vi huwéng Pong, huong Bdc va do cao cai thién so voi dinh vi GPS thong thuong lan

lwot khodng 63%, 65% va 60%.

1. Giéi thiéu

Pinh vi tuyet dbi GPS thong thuong dang st
dung phd bién nhat hién nay. N6 ¢6 uu dlem la
xu ly don gian va ap dung duoc cho da s6 loai
may thu.Tuy nhién, phuong phap ¢ han ché 1a
d6 chinh xac khong cao, khoang tir 5m dén 15m.
Hon nira, tai nhitng khu vuc ¢6 d6 che phu cao
nhu gén nha cao téng, bia rung..., viéc dinh vi
nhiéu khi khong thyc hién dugc do sb luong vé
tinh cung cip tin hiéu cho may thu khong du (<
4).

bé nang cao do chinh xac dinh vi tuyét ddi,
mot trong sé nhitng bién phap hiéu qua nhat 1a
xtt 1y két hop nhiéu hé thong dinh vi vé tinh khéac
nhau. Khi két hop, s6 lugng vé tinh quan sat
duoc tang Ién lam tang s6 tri do thira, din dén cai
thién do chinh xac. Mt khac, dinh vi két hop co
thé giai quyét van dé kho khan tai nhitng khu
vuc bi che khuét, ma dinh vi diém st dung GPS
thong thuong khong thuc hién dugc. Kho khan
cta dinh vi két hop 1a phai c6 may thu da hé
thdng vé tinh, va can giai quyét nhiéu van dé lién
quan sy khac nhau gitra cac hé théng dinh vi
GNSS (Global Navigation Satellite Systems)
nhu hé toa d9, thoi gian, cAu trac ban lich vé
tinh, d0 chinh xac tri do, cac nguén sai s6 hé
thong, .v.v...

kCéc hé théng v¢ tinh dinh vi da va dang phat
trién hién nay bao gdm GPS, GALILEO, BEI-

DOU va GLONASS. Ca bbn hé thong dinh vi co
nhiéu dic diém twong ty nhau, tuy nhién trong
d6 ba hé théng GPS, GALILEO va BEIDOU c6
nhiéu diém tuong dong v&i nhau nhiéu nhat. Pay
1a nhiing thuan loi trong viéc xur Iy tich hop. Hé
théng GPS, GALILEO va BEIDOU st dung k¥
thuat da truy cdp phan chia theo ma (Code
Division Multiple Access — CDMA)co phep
nhiéu vé tinh sir dung chung cac tan sb gidng
nhau. Trong khi hé théng GLONASS sir dung k¥
thuat phan chia theo tan sé (Frequency Division
Multiple Access — FDMA) nén mdi vé tinh bat
budc phai truyén tin hiéu theo nhitng tan s6 khac
nhau. Trong nghién ctru nay, ching t6i da thuc
hién dinh vi tuyét d6i két hop tri do gia cy ly cua
ba hé théng GPS, GALILEO va BEIDOU.

Pé giai quyét nhitng vin dé xr 1y tich hop,
trong bai bao nay, ching t6i lan luot trinh bay
viéc khic phuc cic ngudn sai sédo anh hudng
ctia khi quyén, sai s6 dong hd may thu, sai sb
giita cac hé thong dinh vi (Inter—system Bias -
ISB)...Tiép theo ching t6i khao sat bd trong s6
tri do gia cu ly cho cac hé thong GALILEO va
BEIDOU twong tng v&i GPS. Cudi cung, viée
xir 1y tich hop ba hé thong c6 p dung bo trong
s6 khao sat duge tai 5 tram do khac nhau va
chimg minh sy cai thién d¢ chinh xac két hop
GPS, GALILEO va BEIDOU so v¢i dinh vi GPS
thong thuong.
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2. Nhirng van dé cin giai quyét khi xir ly
két hop

2.1. Chuyén déi vé cing hé toa dé va hé
thong thoi gian

Dé thuc hién bai toan dinh vi két hop can dua
cac hé théng vé cung mot hé toa do va hé thoi
gian. Trong nghién nay ctru ching t6i dua cac hé
théng vé cung h¢ toa d0 WGS84 va hé théng thoi
gian GPST cua GPS.

Nhu di biét,GPS sir dung hé toa d6 WGS84,
ddng nhat v6i hé ITRF2008 thoi diém 2000 [5].
Hé thong GALILEO str dung hé toa 46 GTRF.
Phién ban mdi nhit cua hé théng toa do
GALILEO 1a GTRF13v02 dong nhat voi
ITRF2008 va sai 1éch khoang 3 cm [8]. Hé thong
BEIDOU st dung h¢ toa d6 CGCS2000 déng
nhat voi ITRF97 tai thoi diém 2000 [9].

pé chuyén ddi tir hé toa do nay vé hé toa do
kia chung ta sir dung bai toan 7 tham s6. Theo
website cta to chuc ITRS gilta cac phién ban
khac nhau cta hé toa d6 ITRF c¢o su sai 1éch chi
o0 muc cm. Trong nghién ctru nay, chung t6i quan
tam dén do chinh xac dinh vi & mrc vai dm- mét
nén viéc anh hudéng nhoé do khac biét gilia cac
phién ban ITRF c6 thé bd qua.

D6i v6i hé thong thoi gian, hé thdng
GALILEO su dung hé thong thoi gian GST
(GALILEO Time) trung véi hé thong thoi gian
cua GPS [5].H¢ thong BEIDOU su dung hé
thong thoi gian BDT(BEIDOU Time) 1éch so
v6i GPST 1a 14 giay, BDT = GPST — 14 giay.

2.2. Khiic phuc cdc nguén sai sé trong tri do
gid cu' ly

Phuong trinh tri do gia cu ly GNSS c¢6 dang
tong quat nhu sau [4]:

P=p+c(-dT)-I+T +c ISB (1)

Trong do:

P': La tri do gia cu ly ing v6i vé€ tinh thtr i
p': Khoang cach hinh hoc tir v¢ tinh i dén may
thu

pi= (X, — X, )7+ (Y — Y,)?+(Z; ~ Z,)°

2

Voi : X, Y, Z;1a toa do v¢ tinh thtr i
X, Y, X,.1a toa do gan dung ciia may thu

¢ van téc anh sing trong moi trudng chan
khong

dt 1a s6 hiéu chinh dong hd may thu

dT s6 hiéu chinh dong hd vé tinh

I 6 tré dién ly

T d tr€ di luu

ISB d¢ tré hé théng do qué trinh gidi ma tin
hi€u ciia may thu GNSS dén tu cac vé tinh khong
cung hé thong. S6 hang nay chi ton tai trong cac
tri do GALILEO va BEIDOU, con dbi véi GPS
thuong gid su bang 0.

Phuong trinh (1) cho thdy tri do GNSS c6
chira 5 nguodn sai so chinh.Phuong phap dé khu
hodc giam cac nguodn sai sO nhu sau:

- Khdc phuc anh hieong cia tang dién ly

Dbi v6i may thu mot tan s6 ngudn sai sd ndy
duoc hi¢u chinh theo cac moé hinh kinh nghiém.
Vi du md hinh Klobuchar c6 thé loai bo khoang
60% anh huong dién ly. Pbi véi may thu 2 tan
s6, nguoi ta str dung phuong phap két hop tri do
tao ra tri do P5.Tri do nay loai bé hon 90% anh
huong cua dién ly [4]. Tri do P53 duoc tinh theo

cong thtrc sau:

Pi=a,Pi+a,Pl =p'+c.(dt —dT!)+T +c.ISB

3)

Trong dé: Py va P3 1a cac tri do gia cu ly ¢ hai
tan sO le va sz

{ #r + [} —-I_ |:
-~ - VA a4y = ——= = (4)
(f1.)>=(fL.)3 = fL, -1 )3

a; =

- Khdc phuc anh hieong cia tang doi luu

Tang d6i luu 14 ting khi quyén tinh tir mat dat
dén do cao khoang 50km. Trong d6 tang ddi luu
chtra nhiéu hoi nuéc va bui khi quyén. Anh
huéng cua tang dbi luu dén tin hiéu dién tur
khong phu thude vao tan s song tai, duoc chia
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thanh anh hudng cta phan khé (trén cao) va anh
huong ciia phan udt (dudi thap). Anh hudng cia
phan kho chiém khoang 90% va anh hudng cua
phan u6t 1a 10% [2].

Chung t6i tinh do tré d6i luu hudng thién
dinh theo cong thirc thuong dung nhat hién nay
1a Saastamoinen, cong bd vao nim 1973 [4].Dé
chuyén tir hudng thién dinh sang hudng bt ky
phai chon ham anh xa (mapping function). Ham
anh xa duoc st dung phé bién hién nay cua Niell
cong bd nam 1996 [4].

- Khac phuc sai so dong ho may thu va sai so

ISB

Sai s6 ISB dugc hinh thanh do viéc xtr 1y tin
hiéu khong ddng bo ctia méy thu khi thu nhan tin
hiéu tir cic hé théng dinh vi vé tinh khéac
nhau.Sai sb nay chil yéu xudt hién trong hé thong
GALILEO va BEIDOU véi d6 16n khac nhau va
phu thudc vao kiéu mdy thu. ISB s& anh huong
dang ké dén két qua bai toan dinh vi két hop tri
do cac hé théng khac nhau.Vi vay no can duoc
loai bod khéi tri do trudc khi dua vao bai toan
dinh vi.

D¢ khir thanh phan sai s may thu va sai s6
ISB, ta can léy hiéu ngi bo cac tri do gia cu ly
clia timg hé thong [4]. Nghia 14 mdi h¢ thong
dinh vi chon mét vé tinh 1am chuén va léy hiéu
v6i cac vé tinh khac trong cing hé thong.
Phuong trinh hi€u tri do gia cy ly gitta v¢ tinh £
va vé tinh / cia ciing mot hé théng tai may thu
la:

AP = Ap*! — c. AdT*! + AT*  (5)

Nhu vay, phuong trinh (5) da giam hoac loai
b6 cac ngudn sai sé do anh hudng tang dién ly,
sai s6 dong hd may thu va sai sb ISB. Trong
phuong trinh gia cy ly chi con lai hiéu sai s6
ddng ho vé tinh va hiéu d6 tré d6i luu.Sai sb
ddng hd vé tinh dugc tinh tir thong bao hang hai
cta timg hé thong dinh vi, con do tr& dbi luu
duoc tinh theo mo hinh Saastamoinen va ham
anh xa Niell.

2.3. Xdc dinh trong so tri do cho cic hé
thong

Céc hé théng dinh vi khac nhau s& cung cap
tri do gia cu ly co6 do chinh xac khong gidng
nhau. Néu xem chting ¢6 do chinh xac nhu nhau,
tire 14 ¢6 trong sb tri do bang nhau, két qua xir 1y
tich hop c6 khi s€ kém chinh xac hon dinh vi
GPS thong thuong. Vi vay van dé xac trong sb
trj do thich hop cho tirng hé thong rt quan trong.
Pé xac dinh trong sé cho timg hé thdng, ching
toi dya vao cong thic [4]:

(6)

Trong do: ¢; 1a goc cao cua vé tinh 1, p; 1a

Pi =Posin’g;

trong s6 tri do vé tinh thir i, va Po 1a gia tri trong
sb don vi.

Duing (6) ta 1ap cong thirc tinh trong s ctia hé
thong GPS va GALILEO/BEIDOU nhu sau:

(7
@®)

Dé khao sat tim trong s6 don vi po cua tung

— 2 CPS i 2
Peps = Pg ~ Sin“ &
LL/BDS

PecLr/eps = Py sin” &

hé théng dinh vi, ching ta can c6 toa do chinh
xac may thu, tri do cac hé théng, toa do vé tinh
va sai s6 déng hd vé tinh. Viéc khao sat trong sb
duoc thuc hién theo cacbudc sau:

Buéde 1: C6 dinh toa dd may thu vao gia tri
chinh xac

Buoce 2:

GLL/BDS

(‘hopG.FS = pc. =1

0
Buée 3: Tinh phan du tri do 1a hiéu gitra gia
tri cua tri do véi gia tri mo hinh

GPS GPS

Veps = Perido — Puu (9a)
GLL/BDS _ GLL/BDS
VYerr/eps = Peyido — Punm °b)
Trong do:
Veps: Yerr/sns 1 phan du trj do cua hé thong
GPS va GALILEO/BEIDOU
-p GLL/BDS .
PoES B latr do gia oy ly két hop Py
cua GPS va GALILEO/BEIDOU
PS GLL/BDS
Pt Pyu '~ lachc gid tri mo hinh duoc

tinh tir cong thitc Pygyy = po'+ T' + c.(dt — dT') (10)
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po 1a khoang cach hinh hoc tir v€ tinh i dén
may thu, dugc tinh theo toa d6 chinh xac may
thu

7' 1a dd tré d6i luu cta vé tinh i tinh theo mé
hinh Sasstamoinen va ham anh xa Neill

dT' sai s6 dong hd vé tinh i tinh tir ban lich
phat tin

Buéc 4: Tinh sai sé trung phuong trong s6
don vi

a. Hé thong GPS:

IViaPepsvcrs
u g = |Rka—= o=
Mg = ™ et

(11)
Trong do: n; la ) luong tri do GPS, va k£ la
sO lwong an sb

b. Hé théng GLL/BDS:

V118psPGLL/BDSVGLL!BDS
HeLiiens = = (12)
Trong do: n, la sb lugng tri do
GALILEO/BEIDOU
Bude 5: Tinh hé s K =—"5= (13)
Ta ¢6 trong sb ciia GALILEO:
CL?E.E BDS s pé_:;-glh.: (14)

Buée 6: Lap lai tir bude 3 cho dén khi K =1
thi dung lai.

Két qua khao sat trong s6 thue hién tai 5 tram
do gdbm HCMC, ARUC, HKWS, IISC va JENG.
Thong tin vé cac tram nay s& gidi thiéu chi tiét &
muc 3. Két qua tinh trong s6 GALILEO va BEI-
DOU trinh bay & bang 1.

Nhim ting “tinh khach quan” cho trong sb

chung t6i da iy trung binh cac gia tri trong s6
cua 5 tram khao sat duoc

GPS _ GALILEO _ 13 13 1BEIDOV _p 1¢
o =Lp = 13.13. p; =0.19.

Céc gia tri trong sb nay 14 trong s6 dai dién
cho cac tri do cia GPS, GALILEO va BEIDOU.
Qua két qua khao sat trong sb chi ra ring do
chinh xac ctia hé thong GPS kém hon hé thong
GALILEO nhung cao hon hé thng BEIDOU.

3. Dir liéu thue nghiém

Dir liéu GNSS dung cho nghién ctru bao gdm
toa do chinh xéc cua tram do, file ban lich phat
tin, file tri do cua cac hé théng ¢ dinh dang
RINEX. Hién nay co6 trén 200 tram GNSS
thudng tryc phan bd khip thé gisi. Tuy nhién,
phan 16n cac tram khong c6 sb liéu cta hé thong
BEIDOU, hoac b luong v€ tinh
GALILEO/BEIDOU thu dugc qua it (<4). Do
do, chung t61 da chon loc dugc 5 tram phan bd
cht yéu & khu vuc Chau A vao ngay 11 thang 8
nam 2018. Cac tram bao gdbm HCMC ¢ thanh
ph6 H Chi Minh — Viét Nam, tram ARUC thudc
nudc Armenia, tram HKWS dat tai Wong
Shek thugc Hong Kong, tram IISC ¢ thanh ph
Bangalore thudc An Do, tram JFNG & thanh phé
Vi Han thude Trung Quéc. Vi tri cac tram khao
sat dugoc mo ta o hinh 1.

Gia tri toa do chinh xac cua cac tram IGS dua
trén két qua xtr 1y hang tuan. Cac toa do nay
dugc cho trong ITRF14 va c6 dg chinh xac vai
milimet.

4. Két qua va phan tich

Chung t6i sir dung thuat toan, dir liéu thu thap
dugc va trong so khao sat duoc trinh bay & muc
2 va 3. Dung ngdn ngit Matlab, ching t6i vict

Bdng 1: Két qua trong sé tri do gid cu ly ciia hé thong GALILEO va BEIDOU

\Trgm do HCMC ARUC HKWS | IISC JFNG Trung binh
Heé thﬁng\
GALILEO 9.72 11.21 16.00 9.11 19.57 13.13
BEIDOU 0.25 0.18 0.20 0.12 0.22 0.19
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chuong trinh dinh vi tuyét d6i c6 kha nang xir Iy
riéng cho ting phuong an sau day:

- Chi dung duy nhét tri do GPS

- Két hop tri do GPS va BEIDOU

- Két hop tri do GPS va GALILEO

- Két hop tri do GPS, GALILEO va BEIDOU

v, ™ e T
by 4

Hinh 1: So do vi tri cdc tram khdo sdt

Két qua ting tram va trung binh cia 5 tram
khao sat duoc trinh bay tai bang 2. Trong d6 thé
hién sai s6 trung phuong theo huéng Bic, huéng
Dong, do cao, sai s6 mit bang va sai s6 khong
gian (3 chiéu) 1an luot la my Mg My Myp Myp.
Két qua nay cho thiy do chinh xac dinh vi ting
theo s6 lugng hé thong vé tinh dinh vi. Su cai
thién rd rét nhat 1a ¢ thanh phan hudng Béc. Biéu
dd hinh 2 so sanh két qua sai s tong hop & cac
phuong an dinh vi. Déu 1a phuong an két hop hai
hé thdng, nhung khi két hgp GPS+GALILEO
cho d6 chinh x4c cao hon két hgp GPS+BEI-
DOU. Nguyén nhan chinh la do tri do GALILEO

¢6 do chinh xac cao hon BEIDOU.

Khi so sanh véi dinh vi chi st dung tri do
GPS, d6 chinh xac dinh vi 3 chiéu cua phuong
an két hop GPS+BEIDOU dugc cai thién 15%,
phuong 4n két hop GPS+GALILEO cai thién
59%, phuong an két hop ba hé théng
GPS+GALILEO+BEIDOU la 61%.

=

: I I

. I l
PHUCNG AN BINH V]

Hinh 2: So sanh d6 chinh xdc giita cdac

R SAI S0

[}

phuwong an dinh vi
5. Két luan

Chung t6i1 da trinh bay phuong phap dinh vi
tuyét d6i két hop tri do cua ba hé théng GPS,
GALILEO va BEIDOU dé nang cao d¢ chinh
xac so voi dinh vi st dung GPS. St dung ngoén
ngit Matlab, chiing toi viét chuong trinh xir 1y
dinh vi tuyét ddi két hop ba hé thong dinh vi.
Két qua xtr 1y tai 5 tram IGS cho thay:

- Do chinh x4c dinh vi dugc cdi thién theo sb
luong hé thdng vé tinh tham gia trong bai toan
dinh vi két hop. P chinh x4c dinh vi khong gian
khi két hgp GPS+GALILEO+BEIDOU Ia

Bdng 2: Két qua dinh vi tuyét doi ¢ cdc phwong dn khdac nhau

Phuong in Sai 56 trung phwong (m) tfiﬁéin
dinh vi mx me my m:p msp (%;)
GPS only 2.75 2.68 6.20 3.83 7.30 -
GPS+BEIDOU 2.47 2.46 5.12 3.49 6.19 15
GPS+GALILEO 1.06 1.07 2.60 1.51 3.00 59
GPS+GALILEO+BEIDOU 0.95 1.00 2.49 1.38 2.85 61
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2.85m, cai thién 61% so véi dinh vi GPS thong
thuong. Trong d6, do chinh x4dc vé mit bang
huéng Pong dat 1.00m (63%), huong Bic
0.95m (65%)va do cao 2.49m (60%).

- Do d chinh x4c trji do cia GALILEO t6t hon
BEIDOU, két hop GPS+GALILEO vi viy ciing
cho d6 chinh xac dinh vi t5t hon GPS+BEIDOU.

Céc két qua trén chi sir dung 5 tram do cho
mot ngay dir liéu 24h. Dé nhan duoc két qua co
tinh chat thong ké hon nita, trong twong lai
chung t6i sé tiép tuc xur 1y tap dir liéu 16n hon vé
s6 lugng va phan bb khong gian rong hon khi hé
thong BEIDOU tiép tuc mo rong anh huéng cua
minh trén pham vi toan cau.Q
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Absolute positioning using combined GPS, GALILEO and BEIDOU observations

Nguyen Ngoc Lau, Ho Chi Minh City University of Technology

Tran Van Nam, Vietnam National University of Forestry (southern campus)

In order to improve accuracy and overcome difficulties when GPS positioning does not provide

good result, we have researched absolute positioning processing mixed pseudo-ranges of three GPS,
GALILEO and BEIDOU systems. The processing results at 5 IGS permanent stations show that the

positional accuracies of the East, North and Up components are improved compared to GPS only

case of about 63%, 65% and 60% respectively.O
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