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Trung tam Quéc t€ Nghién cdu va Phat trién Céng nghé Binh vi Sif dung Vé tinh, Trudmg Bai hoc Béch khoa Ha Noi

RECEIVING AND DECODING OF
NAVIGATION SICGNAL OF FIRST
SATELLITES OF GALILEO SATELLITE
NAVIGATION 6YSTEM IN HANOIL

SMW\W\OV‘Y

Galileo system - the European Global Navigation
Satellite System (GNSS) - is being developed
based on the most advanced and modern
technologies towards the objective of providing
highly accurate and reliable navigation services
to civil users worldwide. It is foreseen that the
Galileo system will start to provide its navigation
services from 2015, and will be completed by
2020. InDecember 172012, the Navisoft receiver;
which is a mutiGNSS Software - Defined Radio
(SDR) receiver developed by the International
Centre for Research and Development of Satellite
Navigation in South - East Asia (NAVIS Centre),
Hanoi University of Science and Technology, has
successfully received and decoded the navigation
signals of the first 4 satellites of the Galileo
system. This initial achievement has paved the way
for the development of the Galileo technologies,
as well as the multiGNSS navigation solutions in
HUST, and in Vietnam in general.
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Mo dau

Hé théng vé tinh dinh vi toan cau
Galileo dugc Lién minh chau Au (EU)
phat trién vdi cac cong nghé tién tién
va hién dai nhat nham muc dich chinh
la phuc vu Iinh vyc dan dung. Hé théng
hiia hen mang dén cho ngudi st dung
trén toan thé gidi dich vu dinh vi vdi
d6é chinh xac va dé tin cay cao. Theo
du kién, hé thdng Galileo s& bat dau
cung cdp dich vy vao nam 2015, va
hoan thanh vao nam 2020. Vao ngay
17.12.2012, nhém nghién clu phéat
trién bd thu dinh vi da hé théng SDR
Navisoft cGla Trung tam Qudc té€ Nghién
clu va Phat trién Céng nghé Dinh vi
S0 dung Vé tinh (NAVIS) thudc Trudng
Pai hoc Bach khoa Ha Noi da ti€p nhan
va giai ma thanh cong tin hiéu dinh vi
clia 4 vé tinh dau tién thudc hé théng
Galileo. K&t qua nay mé ra kha nang
lam ch( va phat trién cong nghé dinh
vi Galileo ciling nhu céc giai phap dinh
vi da hé théng tai Viét Nam.

Uy ban chau Au (EC) cho ring, “hé
théng Galileo sé bdo dam sy déc lap
cla chau Au trong mét linh vuc dang
ngay cang tré nén thiét yéu dén nén
kinh té va phuc Igi cha ngudi dan” [1].
Tuy nhién, t& nhiing nam 90 cla thé
ky trudc, trén thé gidi da ton tai song
song 2 hé thoéng vé tinh dinh vi toan
cau la GPS (My) va GLONASS (Nga).
Trong khi hé thong GPS cung cép dich
vu dinh vj lién tuc tinh ti thdi diém dé
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dén nay, thi sau nhiing thay dgi vé chinh trj ctia Lién
X6 (cli), GLONASS da c6 giai doan gian doan dich
vu va mdi dugc khoi phuc lai vao nam 2011. D3 vGi
ngudi st dung dan dung, do sy phé bién ctia cong
nghé ciing nhu thiét bi, GPS gan nhu la sy lya chon
duy nhat tai thai diém hién tai. Tuy nhién, vé ban
chat, GPS van la mét hé théng dinh vi phuc vu cho
muc dich quan sy dudi sy quan ly tryc ti€p cla Bo
Qudc phong My, vi vay, dich vu dinh vi dan dung
do GPS cung cép khéng dugc dam bao vé dé chinh
Xac va do tin cay. Dac biét, néu co6 xung dot Igi ich
x4y ra, GPS cé thé ngung cung cép dich vu dan
dung. Trong bé&i cdnh nhiing tng dung cla vé tinh
dinh vi dang tr& nén ngay cang phd bién trong ddi
song nhu: giao thédng (hang khéng, hang hai, dudng
bd), giam sat mdi trudng, kinh doanh, ngén hang,
truyén théng... thi viéc phu thudc vao mot hé thong
khong dugc dam bao vé mat chat lugng va do tin
cay dich vu la rat dang quan ngai.

Véi ly do dd, nam 2003, EU va Cag quan Vi try
chau Au (ESA) da thong nhat xay dung hé théng
vé tinh dinh vi toan cdu cla chau Au, mang tén
nha khoa hoc ngudi ltalia: Galileo. Khac véi GPS,
hé théng Galileo dugc xay dung cho muc dich dan
dung va nam dudi sy quan ly ctia EC. Sy ra ddi cla
hé théng nay cé y nghia quan trong déi vdi chau Au
trong viéc: (i) ddm bao su doc lap vé dich vu dinh vi,
nhat la trong cac trudng hgp co6 xung dot Igi ich; (ii)
thic ddy nghién cuu trong linh vic dinh vi sl dung
vé tinh; (iii) cung cdp nhiéu dich vu dinh vi mgi va
hiéu qua hon cho ngudi dan.

P& dam bao hoat dong binh thudng va khong
gay nhiéu Ién hé théng GPS cling nhu tao diéu kién
cho viéc sl dung doéng thai dich vu cla 2 hé thong,
thang 6.2004, mot thod thuan da dugc ky gitia EU
va My, theo do, EU sé& phat tin hiéu mién phi Galileo
E1 Open Service (E1 OS) trén cung tan sé vdi tin
hiéu dan dung L1 C/A dang dudc cung cap bsi GPS
va tin hiéu E1 OS sé& sl dung céu truc diéu ché
dich séng mang nhi phan (Binary Offset Carrier)
BOC(1,1). Thoa thuan nay da md dudng cho viéc
ra dgi cla cac giai phap dinh vi da hé théng GPS/
Galileo, mang lai nhiéu Igi ich trong viéc nang cao
do chinh xac, dac biét la dé sdn sang ciing nhu
vung bao pht dich vu dinh vi toan cau s dung vé
tinh.

Hinh 1 mo t& kién tric t6ng quéat cla hé théng
Galileo, bao gom:
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Hinh 1: kién tric hé théng Galileo [2]

Chum vé tinh: hé thong Galileo khi hoan thanh
sé c6 30 vé tinh (trong do6 c6 3 vé tinh dy phong)
trén 3 mat phang quy dao MEO tai dé cao 23.222
km. Tinh dén thang 12.2012, hé théng Galileo c6 4
vé tinh dang hoat déng trén quy dao, véi 2 vé tinh
dugc phong lén vao trung tuan thang 10.2012. Cac
vé tinh nay phuc vu cho giai doan kiém th{ trén quy
dao (In-Orbit Validation) ctia hé théng.

Thanh phan mat dat bao gébm: 2 trung tam diéu
khién (Control Centres) dat tai Munich (Plc) va
Fucino (ltalia); 5 tram diéu khién, bam vét va do tu
xa (TT&C Stations); 9 tram truyén dii liéu Ién vé tinh
(Mission Uplink Stations) va mang ludi 30-40 tram
c&m bién (Sensor Stations) dat khap toan cau.

Tin hiéu va dich vu: tin hiéu dinh vi clia hé théng
Galileo dugc phat trén 4 bang tan thudc vung tan sé
dudc quy hoach cho céac dich vu dinh vi dan dudng
vO tuyén (RNSS) E5a, E5b, E6, E1 nhu trong hinh
2. Ngoai ra, cac bang tan dinh vi GPS va Galileo
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Hinh 2: bang tan tin hiéu dinh vi hé théng Galileo [3]



c6 phan tring nhau, tuy nhién, cu trdc tin hiéu da
dugc thiét k&€ nham gidm nhe tac dong tiéu cuc do
chéng phé gay ra, déng thsi tao diéu kién thuan
Igi cho viéc xay dung cac giai phap dinh vi da hé
théng.

Vé dich vu, hé théng Galileo cung cé&p 5 dich
vy cG ban sau: mé (Open Service - OS), thuong
mai (Commercial), an toan sinh mang (Safety of
Life - SoL), han ché& cong cong (Public Regulated
Service - PRS); tim ki€ém va ctu hé (Search and
Rescue) [3].

Tinh hinh nghién ctiu hé thong Galileo tai Viet
Nam

Du an JEAGAL (2005-2007) dudc tai trg béi EU
da tao nén mong cho nghién ctu va dao tao trong
[inh vyc céng nghé Galileo tai Trudng Pai hoc Bach
khoa Ha Noi. Dy an da giup dao tao can bd, t8 chuic
céac khéa dao tao ngén han va thanh lap mét phong
thi nghiém vé dinh vi s dung vé tinh Galileo tai
Trudng. Ti€p theo thanh cong cla JEAGAL, thong
qua Chuang trinh khung vé hgp tac khoa hoc va
cbng nghé gilia Viét Nam va EU FP7, EU da tai trg
ti€p du an SEAGAL trong giai doan 2009-2010, két
qua la sy ra ddi ctia NAVIS vao thang 10.2010 tai
Trudng Pai hoc Bach khoa Ha Ngi. Hién NAVIS do
Trudng Pai hoc Bach khoa Ha Néi va Dai hoc Bach
khoa Torino (Italia) truc ti€p quan ly diéu hanh.

NAVIS dugc thanh lap véi muc tiéu trd thanh mot
trung tdm nghién ctu manh vé cong nghé dinh vi
sl dung vé tinh tai khu vuc Béong Nam Avalacau
néi gitia chau Au va bong Nam A trong linh vuc
phat trién cong nghé dinh vi Galileo. Hién tai NAVIS
dang ch( tri va tham gia nhiéu dé tai/dy an nghién
clu khoa hoc dugc tai trg bdi Chuong trinh FP7,
ESA, Co quan Nghién clu va phat trién hang khoéng
vl tru Nhat Ban (JAXA), cac cd sé nghién cutu va
dao tao qudc té, tai trg cia Nha nudc, trong cac
[inh vuc nghién cuu, phat trién: giai phap dinh vi da
hé thong; cdng nghé va ha tang dinh vi chinh xac;
cling nhu cac ung dung hudng vi tri phuc vu trong
giao théng théng minh va giam sat mdi trudng.

Lién quan dén linh vuc cong nghé dinh vi Galileo,
NAVIS dang tu phat trién bo thu Navisoft hoat dong
da hé théng GPS/Galileo. B6 thu dugc phat trién
theo cong nghé Software Defined Radio - SDR
(hinh 3) [4], theo d6 phan xU ly tin hiéu s dugc thuc
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hién hoan toan trén céac vi xt ly 1ap trinh dugc, dem
lai khd ndng mém déo, dé dang cap nhat, tich hgp
cac cau trac tin hiéu méi cling nhu thyc hién céac
thuat toan x{ ly tin hiéu tién ti€n, phtc tap.
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Hinh 3: kién tric bé thu SDR Navisoft

Tiép nhan va giai ma tin hiéu dinh vi cia hé
thong Galileo

Nhu da dé cap, tinh dén thai diém hién tai, hé
théng Galileo cé 4 vé tinh dang hoat déng phuc
vu cho giai doan kiém thii trén quy dao (In - Orbit
Validation) cia hé thédng. Theo nguyén ly cG ban
cla dinh vi st dung veé tinh [4], dé s dung dich vu
dinh vi cung cép bdi hé thong Galileo doi hoi b thu
phai tiép nhan dugc tin hiéu cda it nhat 4 vé tinh
Galileo tai cung moét thgi diém.

Vao lic 15h25’ dén 19h25’ ngay 17.12.2012, lan
dau tién ca 4 vé tinh Galileo cung xudt hién va phat
tin hiéu dinh vi mién phi Galieo E10S trén bau troi
Ha Néi (hinh 4).

Hinh 4: vj tri cta 4 vé tinh Galileo PFM, FM2, FM3, FM4
trén bau troi Ha N6i
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Tai thdi diém dé, nhém nghién cuu thuéc NAVIS
da ti€n hanh th& nghiém viéc s dung dich vu dinh
vi Galileo. Theo nguyén ly clia bd thu GNSS (hinh
3), khéng ké phan xU ly tin hiéu tuong ty, dé tinh
toan xac dinh dugc vi tri cilia ngudi s dung, bo thu
can trai qua cac budc: dong bo tin hiéu (bao gém
cac tién trinh: do va bam tin hiéu), giai diéu ché
dii liéu va tinh toan PVT. K&t qua cho thay, bd thu
Navisoft do NAVIS phat trién da thanh cong trong
viéc tiép nhan, dong bd va giai diéu ché tin hiéu
Galileo E1 OS.
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Hinh 5: két qua tién trinh do tin hiéu vé tinh Galileo (bd thu
phat hién 4 vé tinh trén bau troi Ha Néi)

Hinh 5 cho két qua do tin hiéu vé tinh Galileo.
Theo dd, dua vao cac dinh tudng quan thu dugc
trong qua trinh tim ki€m, bd thu da phat hién dugc
day du 4 vé tinh Galileo: PFM, FM2, FM3, FM4, véi
s0 hiéu ma cu ly tuong tng 11, 12, 19, 20. Nang
lugng trung binh clia cac tin hiéu thu nhan dugc xac
dinh trong hinh 6.
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Hinh 6: ndng lugng trung binh cla tin hiéu thu nhan dugc
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Céc dinh tuong quan trong hinh 5 cho phép xac
dinh cac tham s6 do tré ma cu ly va do léch tan
s6 Doppler cla tin hiéu E1 OS do 4 vé tinh phat
ra. Cac théng sé nay sé dugdc udc lugng chinh xac
trong tién trinh bam tin hiéu (gém bam ma cu ly va
bam tan sé séng mang) ctia pha dong bo tin hiéu.
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Hinh 7: két qu4 tién trinh bam tan sé séng mang va bam ma cu' ly

Hinh 8: biéu dé chom sao tin hiéu va dong bit di lidu



Hinh 7 cho két qua bé thu bam (udc lugng déng
chinh xdac) tin hiéu phat di ti 4 vé tinh dé phuc vu
cho viéc giai diéu ché. Hinh 8 cho két qua giai diéu
ché tin hiéu tu 4 vé tinh. Dong dii liéu cla cac ban
tin dinh vi dugc khoi phuc.

Tuy nhién, do hé théng Galileo dang trong giai
doan th& nghiém nén chi cé duy nhat vé tinh FM2
phat ban tin dinh vi, trong khi cac vé tinh khac phat
cac ban tin réng (Page s8 hiéu 0) va/hoic ban tin
gid (Page s6 hiéu 63 chta “dummy data”) (hinh 9)
[3]. Vi vay, bo thu tuy ti€p nhan va gidi ma thanh
cong tin hiéu Galileo nhung khéng cé di di liéu dé
xac dinh dugc vi tri.

NGHIEN CUU - TRRO PO

dung, hiia hen sé& cung cép dich vu dinh vi vGi do
chinh xac va dé tin cdy cao cho ngudi dung trén
toan thé& gidi. Theo du kién clia EU, hé thdng sé bat
dau cung cép dich vu vao nam 2015, vi vay, viéc
tiép nhan va giai ma thanh cong tin hiéu Galileo cla
NAVIS c¢6 y nghia quan trong trong viéc s&n sang
lam chl va phat trién céng nghé dinh vi Galileo, va
quan trong han la cac giai phap dinh vi da hé théng,
giup nang cao do chinh xac, do tin cay cua dich
vu dinh vi, dac biét gidm sy phu thudc vao mét hé
thong dinh vi riéng Ié. Tu két qua ban dau nay, nhom
nghién clu sé tiép tuc phét trién va hoan thién bo

Gal PFM | Page IDs: 63, 0, 0, 63, 63, 63, 63, 63,0, 0, 0, 0, 0, 63, 63
(PRN11) thu Navisoft theo hudng cap nhat thém céc tin hiéu
Gal FM3 | Page IDs: 63, 63, 63, 63, 63, 63, 63, 63, 63, 63, 63, 63, 63, 63, 63 s LA ~ o s >
eang | va hé théng méi (vi du: GLONASS clia Nga, QZSS
GalFM4 | Page IDs: 63, 63, 63, 63, 63, 63, 63, 63, 63, 63, 63, 63, 63, 63, 63 cGa Nhat Ban..) huéng dén ing dung trong cac linh
PRN20 o N . P N
( ) vuyc dac thu phuc vu an ninh, quéc phong =
Gal FM2 | PageIDs: 5,0,0,2,4,6,9,10,0,0,0,0,0,1,3
(PRN12) Page 1: Page 5:
o t_oe: 86400 ¢ T.GD:0
o M_0:2.6508 o WN: 695 ai lig 2
o e:7.3423e-005 o TOW: 120085 Tal Ile“ “lam knan
o 5.4406e+003 o SatStatus: 1 o . o )
Page 2: Page 6: [1] European Commission, Satellite navigation: Why Galileo?
* omega_0: 0.9465 o A0:0 Retrieved on December 28, 2012, from http://ec.europa.eu/
o i_0:0.9563 o AL:0 . L . )
o omega: -2.7433 « Delta_t LS: 16 enterprise/policies/satnav/galileo/why/index_en.htm.
¢ iDot: 3.1751e-010 ot 0t 86400 o ) o
Page 3: o WN_Ot: 180 [2] European Commission, Satellite navigation: Program,
o omegaDot:-5.7510e-009 o WN_LSF: 178 Retrieved on December 28, 2012, from http://ec.europa.eu/
o deltan: 3.5094e-009 o DN:2 t ise/policies/satnav/galileo/ Jindex_en.htm
e Cuco « Delta_t LSF: 16 enterprise/policies/satnav/galileo/programme/index_en.htm.
: P :
: g’rcs 2042.4688 ageQIODA: 0 [3] Galileo OS SIS ICD: Galileo Open Service, Signal In Space
o (_rs:19.5938 o WN_ao0 Interface Control Document Draft 1. European GNSS Supervisory
Pag'e4.SISA: 2% * 10286400 Authority / European Space Agency, February 2008. Available:
o pm:i2 Page 10: http://www.gsa.europa.eu/.
o Cic:0 o A0G:0 ) o
o C_is:0 o A1G:O [4] Ta Hai Tung, Thiét k€ bo thu mém cho cdc hé théng dan dudng
X ;jg 26400 ' :Nﬁﬁogmsozo si dung vé tinh tién tién, Retrieved on December 28, 2012, from
o afl:0 Page 0: http://navis.hust.vn/archives/TungTH_Software_ GNSS_Rx.pdf.
o af2:0 o WN1:695
o TOW1:120109

Hinh 9: bén tin sau gidi ma clda céc vé tinh Galileo (duy nhét
vé tinh FM2 (PRN12) c6 ban tin dinh vi khéng day dd)

Hé théng vé tinh dinh vi toan cau Galileo cla EU
dudc thiét k& va xay dung theo nhiing cong nghé
tién tién, cap nhat nhat, véi muc dich phuc vu dan
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