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TOM TAT

Da chinh xac coa hé thang dinh vi sir dung vé tinh (GNSS) chiu
anh hwéng kha nhiéu bei qué trinh bam mé trong ba thu. Bai béao
sé trinh bay ki thuat bam ma mai. Ky thuat nay hoat dang dua
trén céu tric da trong quan va oo the dugc dp dung cho céc tin
hiéu dinh vi mai sir dung phuong thire diéu ché sang mang dich
nhi phan (BOC). Tuy phuong thirc nay mang lai nhigu wu diém cho
qué trinh ddng ba tin higu nhung ciing tdn tai nhiéu nhuge digm
do tin higu BOC [am xuat hign nhigu dinh tweng quan & trong ham
tur trong quan. Céc dinh trong quan phu nay lam tang nguy co
dang ba nham. Do da, ky thuat dugc dé xuét sé loai bo hign trgng
ddng b nham. Dang theri, cac k&t qua ma phang ciing chi ra higu
nang gidm anh hrdng coa nhiu da deing coa ki thuat nay ciing
rat tat.

Tir khaa: GNSS; ky thuat gidm da duing: ky thuat triet dinh phu;
ky thuat chéing bam nham.

1. DAT VAN BE

Trong nhiing nam gan day, cac hé théng dinh vi sir dung vé
tinh (GNSS: Global Navigation Satellite Systems) dong moét vai tro kha
quan trong trong nhiéu linh vyc clia cudc séng. Cac dich vu dan
duding ctia GNSS da dugc st dung trong dan dudng hang khoéng,
dan dudng hang hai, dan dudng trén b, khdo sat méi trudng va
canh béo thién tai. Tuy nhién, chat lugng dich vu cung cap t&i nguoi
st dung ctia GNSS chiu anh hudng rat nhiéu ctia nhiéu ngudn gay
16i nhu tré tang dién ly, tré tang déi luu, sai sé do vé tinh, tap am
may thu va hién tugng da dudng. Trong khi cac sai s6 khac c6 thé
dugc khac phuc nha ky thuat vi sai [1] thi sai s6 do da dudng lai
khong thé gidi quyét dugc theo cach nay va trd thanh nguén gay
sai s6 chinh trong hé thong GNSS. Sai s6 do da dudng mang tinh
cé thé riéng biét va phu thudc rat nhiéu vao vi tri clia tiing bé thu
GNSS. Tuy nhién, dnh huéng cla da dudng c6 thé dugc khic phuc
nh¢ cac giadi phap gidm anh huéng da duong, qua dé sé cai thién
dugc dé chinh xac trong qua trinh déng bd tin hiéu dinh vi GNSS.

62| XAYDUNG 07.2025 | ISSN 2734-9888

ABSTRACT

The accuracy of code tracking plays an important role in signal
processing of Global Navigation Satellite System (GNSS) receivers. In
this paper, a novel method of code tracking is proposed. It is based
on using seven correlators as multiple gate delay structure. This
method could be applied to new navigation signals which adopt a new
type of modulation called binary offset carrier (BOC). Some variants
of BOC have been developed for new navigation signals. These new
types of modulation provide some advantage in signal synchronization.
However, there are some challenges since there are some side peaks
in auto correlation function of signals. These side peaks could raise a
risk of wrong peak selection called ambiguity problem. The proposed
method in this paper also removes the ambiguity in code tracking. The
simulation results show the good performance of this method in code
tracking as well as multipath mitigation.

Keywords: GNSS; multipath reduction technique; side peak
suppression technigue; ambiguity tracking technique.

Theo [2], cac ky thudt gidm anh hudng da duong dugc chia thanh 3
xu huéng khac nhau: (1) Cac gidi phap thuc hién & mién cao tan khi
tin hiéu dinh vi di vao ang-ten ctia bo thu GNSS; (2) Céc gidi phdp xd
ly tin hiéu thyc hién tai khoi dong bé tin hiéu & mién tan sé trung
tan (khoi bam tin hiéu va khdéi bat tin hiéu); (3) Cac giai phap thuc
hién sau khi da xac dinh dugc khodng cach gid dinh gitta b6 thu
GNSS va veé tinh dinh vi. Giadi phap dugc dé xuat trong bai bao nay
sé theo xu hudng th( hai hay con goi la cac giai phap dua trén cau
trdc tuong quan. Pay la cac gidi phadp gidm anh huéng da dudng
dugc sirdung chd yéu trong cac bé thu GNSS thuang mai [3]. Trong
mot bd thu GNSS dién hinh, khéi bam déng bo tin hiéu bao gém
cac mach vong nhu mach vong khoéa pha (PLL: Phase Lock Loop) dé
bam pha séng mang, mach vong khoa tré (DLL: Delay Lock Loop) dé
bam tré ma trai PRN (PRN: Pseudo Random Noise). V&i mach vong
khéa tré (DLL), ciu truc thudng bao gém 3 bo tuong quan sém (E),
dung (P) va mudn (L) véi khoang léch sém mudn la 1 chip. Khi d6,
bo so pha trong mach vong DLL sé cé dang s6m-mudn (EML: Early
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Minus Late). Tuy nhién, cdu tric dién hinh nay cta DLL khéng giai
quyét dugc sy tac dong cda hién tugng da dudng. Vi vay, nhiéu gidi
phap van dua trén cau truc EML nay da dugc dé xuat trén ly thuyét
cling nhu dugc ap dung trong cac bd thu GNSS thuong mai dé khac
phuc anh huéng cla hién tugng da duong. Mot trong nhiing giai
phap d6 dugc dé xuat trong [4] bang cach thu hep khoang léch sém
- muén tur 1chip xudng con 0,1chip. Giai phap nay dugc goi la bd
tuong quan hep (NC: Narrow Correlator). Mot gidi phap khac la bé
da tuong quan (MGD: Multiple Gate Delay) [9]. Trong cau tric MGD,
6 it nhat 5 bo tuong quan dugc st dung dé tao ra ham 18i ra b6 so
pha ctia mach vong DLL. Theo [9], hiéu néng hoat dong vé gidm anh
huéng da dudng ctia MGD kém han so véi DDC va NC nhung bu lai
giai phap MGD c6 kha nang loai bé dugc nguy co lua chon nham
dinh tuong quan trong qua trinh bam déng bo tin hiéu khi ap dung
cho céc tin hiéu dinh vi dang diéu ché séng mang dich nhi phan
(BOC: Binary Offset Catrrier).

Trong bai bao nay, mot phuong phap mai vé bam ma trai PRN
sé dugc dé xuat nham cai thién hiéu nang bam ma cla cau tric
MGD. Cau truc dugc dé xuat sé bao gém 7 bo tuong quan va b so
pha sé& st dung 6 bd tuang quan. Trong cau tric bd so pha, cac cap
tuong quan sém - mudn sé co6 cac trong s6 khac nhau va sé dugc
t6i uu dé dat duoc viéc tranh déng bé nham. Han niia, hiéu nang
vé gidm anh hudng da dudng cling sé dugc cai thién theo tiéu chi
danh gia dudng bao 16i da dudng (MEE).

2.TIN HIEU PIEU CHE DANG BOCVA CAC MACHVONG BAM MA

2.1. Cac dic tinh cha tin hiéu diéu ché BOC

Trong khi tin hiéu dinh vj truyén thong, GPS L1 C/A, st dung
phuong thiic diéu ché khéa dich pha nhj phan BPSK, nhiéu tin hiéu
dinh vi mé&i nhu Galileo E1, GPS L1C da st dung mot dang phuong
thiic diéu ché mdi, diéu ché BOC. Phuong thuc diéu ché BOC giup
cho cac tin hiéu dinh vi méi va tin hiéu dinh vi truyén théng c6 thé
dugc truyén phat trén cung 1 tan sé séng mang ma khéng gay can
nhiéu lan nhau. Tin hiéu diéu ché& BOC dang bang géc dugc tao ra
bang cach nhan ma trai ngau nhién (PRN) véi mét séng mang con
dang xung chir nhat c6 tan s6 f. Thong thuang, tin hiéu diéu ché
BOC dugc ky hiéu la BOC(m,n) v6i m =f/f _van=f/f_, trong do6

f_la toc d6 ma trdi va = 1.023 MHz la ;;Fc}t tan s6 chFlbén duoc
st dung trong cac hé théng GNSS. Tuy thudc vao pha ban dau cua
s6ng mang con, tin hiéu diéu ché BOC(m,n) sé la dang pha sin (ky
hiéu la BOC(m,n)) néu pha ban dau bang 0 va la dang pha cosin (ky
hiéu la (BOC(m,n)) néu pha ban dau la n1/2 (radian).

Hai dac tinh quan trong cla tin hiéu diéu ché BOC(m,n) dugc
quan tdm la ham mat dé phé céng suat (PSD: Power Spectral Density)
va ham ty tuong quan (ACF: autocorrelation function)

Trudc tién, PSD cla tin hiéu diéu ché BOC(m,n) cling nhu tin
hiéu diéu ché BOC(m,n)cé dang sau:

Gaos () = T sine* (/T Jean? | % .

f T il
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V6i: T_= 1/f_la chu ky ma (tinh theo dan vi chip).

Déc tinh tiép theo cua tin hiéu diéu ché BOC dé la ham tu tuong
quan (ACF). Gitta ham ACF va ham PSD c6 maéi quan hé sau [10]:
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Véi H (f) la ham truyén clia bo loc khoi dau cudi cao tan ctia bd
thu GNSS. Trong trudng hgp bo loc nay ly tudng va c6 bang thong
B, ham ACF sé tré thanh:

Rir)= I Gie™ Ty (3)

2.2. Cac mach vong khéa tré trong bo thu GNSS

Cac mach vong khoa tré trong cac bd thu GNSS thugng la dang
¢6 phén héi. D6 la moét dang cdu tric nham thuc hién udc lugng tré
cGa ma PRN trong tin hiéu dinh vi ctia vé tinh dugc nhin thdy theo
phuong phap udc lugng giéng nhat (MLE). Diém ¢t 0 ctia bd so pha
sé xac dinh tré cua tin hiéu dinh vi thu dugc. Theo [11], nhiéu dang
thuc khac nhau ctia bd so pha cé thé dugc sir dung trong cac mach
vong DLL. Trong sé d6, dang EMLP (EMLP :Early-Minus-Late-Power)
dugc st dung nhiéu nhat, véi ham 18i ra bé so pha c6 dang [111:

Dpaplrh=E - =(R{r-&/2)] —[R{r+8:2]) (4)

Trong d6, E, L ky hiéu dau ra ctia bd tuong quan sém (E) va
muén (L) va & la khodng Iéch sém - mudn (don vi: chip).

Véi cau truc DDC, ham 16i ra bé so pha sé c6 dang:

Bpeciry= 3 a [ET-11)
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(5)

Véi: a, - Cac trong s6, trong dé a, = 1,a, =-1/2;E, L - Cac daura
tuong Ung clia cac bé tuong quan sé6m, muén; 6, - Khoang léch ctia
Cap tuong quan s6m - muén thi i (véi DDC 8, = 26,).

Cudi cung, bé da tuong quan (MGD) da dugc dé xuat la mot
cdu tric mdi cho b so pha va xuat hién lan dau trong [12]. Trong
cau tric MGD, bo so pha gém c¢6 3 cap tuong quan sém - mudn &
dau vao va dugc biéu dién bai:
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V6i N 13 s cdp tuang quan sém - mudn (hay s céng). C6 thé
thay rang véi N = 2, cdu tric MGD sé trg thanh cau tric DDC hay
DDC la mét truong hgp clia MGD.

C4u tric MGD ¢6 thé loai bé dugc hién tugng nham Ian trong
quad trinh bam ma vai tin hiéu BOC. Tuy nhién, nhu chi ra & trong
[13], khi N > 2, s6 lugng cap tuong quan sGm - mudn cang tang thi
su phuic tap clia ciu trdc cang tang Ién dang ké nhung hiéu qué vé
bam ma khéng dang 1én qué nhiéu. Vi ly do d6, sé lugng cdp tuong
quan sém - mudn dugc lua chon trong bai bao nay sé 1a N = 2 dé dat
dugc su can bang gilia su phuc tap va hiéu qua bam ma. Tuy nhién,
theo [9], do khéng c6 mot gidi phap nham t6i uu viéc lua chon cac
hé s6 cho tiing cap tuong quan sém - mudn nén du MGD c¢6 kha
nang loai bé hién tugng bam nham nhung kha nang vé gidm anh
hudng da dudng lai kém hon so véi cau tric NC va DDC. Bay chinh
Ia muc tiéu can giai quyét trong bai bao nay.

3. DE XUAT CAU TRUC MGD

3.1. C4u trac MGD dé xuat

C4au truc dugc dé xuat trong bai bdo nay sé bao gém 3 cép
tuang quan sém - mudn (N = 3). Bo diéu chinh khéng két hgp sé
dugc tao badi cac ham tuong quan sém va muén da dugc binh
phuong, (E(1)? va (L(1))% Cudi cling, dau ra cta bo diéu chinh sé
la téng c6 trong s6 clia cac cap tuong quan sém - mudn. Nhu vay,
moi mét cap tuong quan s6m mudn sé dong vai tro la mot cau tric
EMLP. Khoang léch sém - mudn cla cap tuong quan thi i sé la &,
=i, (trong do, 6, la khodng léch cla cdp tuang quan sém - mudn
nam sat bé tuong quan dung). Nhu vay, cdu tric MGD dé xuét c6 thé
dugc biéu dién théng qua biéu thic:

D, wolt)= ¥ a(E-L) )
Dé thuan tién va cling khong mat di tinh tdng quat, hé s6 a, sé

dugc thiét lap a, = 1. D& tang cong suét cla tin hiéu so véi mc tap
am cling nhu loai bd anh hudng clia qua trinh tach séng mang, bo
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thu GNSS sé thuc hién ti€p qua trinh tinh téng tich Iy khong két
hop. Léi ra bd so pha clia cau tric MGD dé xuat sé trd thanh:

E...[.;f-!(r_.f.:_|:|"—|_R1r+.f,.1:.]::| @)

Nhu véy, trong biéu thuic (8), chi c6 2 hé 56 a,, a, can dugc toi
uu theo khoang Iéch sém - mudn va cac tiéu chi khac.

3.2. T8i wu cau tric dé xuat

P& thuc hién budc 1 clia qua trinh t8i uu hé s6, mé hinh kénh
truyén dugc lua chon sé chi bao gém 1 thanh phan LOS. D& c6 thé
nhan duoc ham I6i ra bd so pha khéng cé diém khéa nham, bo so pha
can phai c6 dac diém & mbi bén cla diém cat 0 (tai diém léch 0), ham
18i ra bo so pha can phai c6 dau khéng d6i. Diéu d6 cé nghia rang:
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Hinh 1. Ham 16i ra bd so pha clia 3 cap tuong quan véi § = 0,2chips
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Hinh 2. Ham 16i ra bd so pha ctia 3 cap tueng quan véi & = 0,1chips

Dac diém nay clia ham 18i ra bd so pha phu thuéc vao khodng
léch s6m - muén va dac tinh ham 16i ra bo so pha clia méi cap tuong
quan (dang EMLP), E>- L% E,2- L2 E,2- L Hinh dang cCia ham I6i
ra bé so pha cia méi cap tuong quan dugc minh hoa & Hinh 1 va
Hinh 2 ting v&i khodng léch sém - muén 6 = 0,2chips va 6 = 0,1chips.

Trong trudng hop 6 = 0,2chips, ton tai 1 cap tuong quan sém -
mudn ma cé ham 16i ra b6 so pha thay d6i diu trong khoéng gia tri
cla d6 léch ma khac so véi 2 cap tuang quan sém - mudn con lai. Diéu
nay cho phép ciu tric dé xuat cé thé tim ra cac hé s6 dé nhan ducc
ham I6i ra bd so pha cia mach vong DLL khéng cé diém bam nham.

Nguac lai, véi & = 0,1chips, ca 3 cdp tuong quan sém - mudn
déu c6 ham 18i ra bé so pha ma su thay d6i ddu nam trong khoéang
tuong d8i giéng nhau. Do d6, khi téng hop 3 dudng cong nay thi
khéng thé c6 dugc 1 dudng cong clia ham 16i ra bd so pha ma
khéng cé diém bam nham do ban than méi ham I6i ra bd so pha
thanh phan kia déu tén tai cac diém bam nham.
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Hinh 4. Vi tri 3 cdp tuong quan sém - mudn véi § = 0,1chips

Mat khac, xem xét dang ctia ham ACF cung véi vi tri cla cac
dau ra cla cac bd tuong quan ting véi & = 0,2chips va & = 0,1chips
nhu & Hinh 3 va Hinh 4. Nhu & trén cac hinh vé nay, dé cé thé téi uu
cac hé sé thi can c6 it nhat 1 cap tuong quan s6m - mudn c6 dau ra
nam ra ngoai bup chinh clia ACF. Biéu nay tuong duong vdi c6 1 cap
tuong quan sém - muén ma khoang léch §/2 16n hon mét nlra do
rong bup chinh cta ACF. V6i ciu trdc MGD dé xuat cd N = 3, c6 thé
t6i uu dugc cac hé s6 dé cé ham 16i ra bo so pha khéng cé diém bam
nham néu khodng léch sém - mudn §, clia cép tuong quan thi nhat
théa man & > 0,1chips.

Do do, véi khoang gia tri dugc lua chon la [-1;1] va gid tri budc
la 0,1, trong giai doan dau cda viéc t6i uu, s6 lugng t6 hop (a,, a,)
théa man dugc cho & Bang 1.

Bang 1.56 lugng t6 hop gid tri hé s6 dugc téi uu clia cau tric MGD

Ehoing ‘
bech st | S lugmig 15 hop (a,.0,) thi vy
muHn
& w2 25
& = (L35 112
5 =04 124

Bang 2. Gia tri t6i uu cac hé s6 theo MEE clia MGD dé xuat

Khoang léch sém ; »
m“ﬁn t 1
& =02 0.5 0.6
g =025 0.5 0.4
8 =04 0.1 0.8
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Trong giai doan 2 ctia qua trinh t&i uu, trong s6 cac t6 hop (a,,
a,) nhan dugc & budc 1, can thuc hién t6i uu tiép dé tim ra 1 t6 hop
(a, a,) ma ham I6i ra bo so pha nhan dugc c6 kha nang gidm anh
hudng da dudng tét nhat. Tiéu chi dé danh gia tac déng cla thanh
phan da dudng 1én mach vong DLL trong bé thu GNSS sé la dudng
bao 16i da dudng (MEE) nhu & trong [14]. Véi tiéu chi MEE, chi c6 2
thanh phan tin hiéu dén ang-ten cda bo thu GNSS Ia 1 thanh phan
LOS va 1 thanh phan da dudng. Thanh phan da dudng sé cé 2 kha
nang hodc déng pha hodc ngugc pha véi thanh phan LOS. Ngoai
ra, thanh phan da dudng sé c6 muc bién do, dé léch pha khéng
déi ing vGi moi gia tri cha do léch gitra thanh phan da dudng va
thanh phan LOS. Khi danh gia qua MEE, kha nang gidm anh hudéng
da dudng clia cau trdc mach vong DLL 1a t6t néu 16i trung binh nhé,
16i cuic dai nhé va gia tri cuc dai clia tré da dudng ma sau dé MEE tién
t6i 0 cling c6 gia tri nhoé. Day cling chinh la nhimng diéu kién dé thuc
hién t6i uu cdu tric MGD dé xuat trong budc thi 2. Gid tri clia cac hé
s6 dugc téi uu trong budc 2 nay dugc thé hién & Bang 2 Ung véi cac
gid tri khac nhau cla khoang léch sém - muoén.

TU cac két qua & cac bang trén, cau tric MGD dé xuat da xac
dinh dugc cac hé s6 nham dat duoc 16i da dudng nhd nhat ciing
nhu khéng con cac diém bam nham trong qua trinh bam ma. Cac
két qua nay mét lan nita sé dugc khdng dinh théng qua mé phéng
& phan tiép theo.

4. KET QUA MO PHONG

Qua trinh mé phong dugc tién hanh trong diéu kién da dudng
gan (d6 léch gitta thanh phan da dudng va thanh phan LOS la nho)
va béng théng ctia bo loc khéi dau cuéi cao tan la gidi han nhat dinh.
M6 hinh kénh truyén dugc st la kénh truyén tinh vdi bién do va pha
clia tin hiéu duoc gilr khdng déi trong khodng thai gian mé phéng.

4.1. Ham IGi ra b so pha ctia cau tric MGD dé xuat

Pé kiém tra dac tinh 18i ra bo so pha, tin hiéu GNSS nhan duoc
chi cé thanh phan LOS. Hinh 5 s& minh hoa hinh dang 18i ra bé so pha
VGi cau tric NC, DDC va cau tric MGD dé xuéat cho tin hiéu BOCs(n,n).
Cac hé s6 cla cau tric dé xuat dugc ldy ra tir Bang 2. Khoang cach
sGm - mudn cla cap tuang quan thi nhat la 6 = 0,2chips. Nhu trén
hinh vé, bd so pha chi c6 1 diém cit 0 (ng véi cau tric dé xuat, diém
¢4t 0 ndy nam & diém léch 0. Vi vay, mach vong bam ma sé khoa &
diém Ung vdi dinh chinh ctia ACF. Do d6, hién tugng nham lan dugc
loai bd. Trong khi d6, cau tric NC va DDC c6 nhiéu diém ct 0 va nd sé
chiu anh hudng cla hién tugng bam nham.

=4~ v Cormaien
=4~ Diculls Dulta Comelaton

0 02 04 08 0B 1 12 14
Hoinpais Jeay ey

Hinh 5. L6i ra bd so pha vdi NC,DDC va
MGD dé xuat (a=[1-0,50,6]) 6 6 =
0,2chips cho tin hiéu BOCs(n,n).

Hinh 6. MEE cho NC,DDC va MGD dé xudt
(a=[1-0,50,6]) 6 6 = 0,2chips cho tin
hiéu BOCs(n,n).

4.2. Anh huéng ciia da dudng

Nhu da chi ra & phan trudc, MEE sé dugc st dung dé danh gia
tdc dong clia da dudng d6i véi mach vong bam ma. Trong diéu kién
mé phdng nay, bién d da chuan hoéa clia thanh phan LOS va thanh

phan da dudng lan luct 1a 1 va 0,8. Két qua dudng bao 16i da dudng
MEE clia cac cau triic NC, DDC va MGD dé xuét cho tin hiéu BOCs (m,n)
dugc minh hoa & Hinh 6. Quan sat hinh vé ta nhan thay hiéu nang
giam da dudng clia MGD dé xuat tét hon NC nhung kém hon DDC. Tuy
nhién, phai thay rang cau tric MGD dé xuat sé dugc bu lai bang kha
nang chéng bam nham. Khi xdy ra bam nham thi hiéu nang ctia DDC
€6 thé s& kém hon MGD dé xuat.

5.KET LUAN

Trong bai bao nay, giai phap bam ma khong nham lan cho tin
hiéu diéu ché BOC dua trén ciu triuc MGD da dugc dé xuat. Cac hé
s6 trong cdu tric nay da dugc t8i uu theo 2 budc dé dat dugc kha
nang chéng bam nham clng nhu cé kha nang t6t trong viéc gidam
anh hudéng cda hién tugng da dudng. Cac dac tinh nay clia cau tric
MGD dé xuét cling da dugc so sanh véi cac cau truc phé bién nhu
NC va DDC. Méc du, kha nang gidm anh hudng da dudng cda cau
trac dé xuat cé kém hon so véi DDC nhung cau tric dé xuat lai dat
dugc kha nang chéng bam nham vuot trdi so véi DDC.

TAI LIEU THAM KHAO

[1]. E. D. Kaplan and C. J. Hegarty (2005), Understanding GPS: Principles and
Applications: Artech House.

[2]. F. D. Nunes, F. M. G. Sousa and J. M. N. Leitao (2007), Gating Functions for
Multipath Mitigation in GNSS BOC Signals, IEEE Transactions on Aerospace and Electronic
Systems, vol.43, pp.951-964.

[3]. M. Z. H. Bhuiyan and E. S. Lohan (2010), Advanced Multipath Mitigation
Techniques for Satellite - Based Positioning Applications, International Journal of Navigation
and Observation, Hindawi Publishing Corporation, vol.2010, pp.1-15.

[4]. A. ). V. Dierendonck, P. Fenton and T. Ford, Theory and Performance of Narrow
Correlator Spacing in a GNSS Receiver, Journal of the Institute of Navigation, vol.39, Fall 1992.

[5]. ). W. Betz and K. R. Kolodziejski (2000), Extended theory of early-late code
tracking for a bandlimited GPS receiver, Navigation, vol.47, pp.211-226.

[6]. G. A. McGraw and M. S. Braasch (1999), GNSS Multipath Mitigation Using Gated
and High Resolution Correlator Concepts, in National Technical Meeting of The Institute of
Navigation, San Diego, CA, pp.333-342.

[7]. L. Garin, F. v. Diggelen and J.-M. Rousseau (September 17 - 20 1996), Strobe &
Edge Correlator Multipath Mitigation for Code, Proceedings of the 9th International Technical
Meeting of the Satellite Division of The Institute of Navigation (ION GPS 1996), pp.657-664.

[8]. ). J. P. Fenton and B. Smith (2004), Theory and Performance of the Pulse Aperture
Correlator, in Technical Report, ed. Novatel, Alberta, Canada.

[9]. P. A. Bello and R. L. Fante, Code tracking performance for novel unambiguous
M-code time discriminators, in Proceedings of the 2005 National Technical Meeting of The
Institute of Navigation, San Diego, CA 2005, pp.293-298.

[10]. J.-C. Juang and T.-L. Kao (2012), Noncoherent BOC Signal Tracking Based on a
Five-Correlator Architecture, IEEE Transactions on Aerospace and Electronic Systems, vol.48,
pp.1961-1974.

[11]. K. Borre, D. M. Akos, N. Bertelsen, P. Rinder and S. H. Jensen (2007), A Software-Defined
GPS and Galileo Receiver - A Single-Frequency Approach. Berlin: Birkhduser.

[12]. R. Fante (2003), Unambiguous tracker for GPS binary-offset-carrier signals, in
Proceedings of the 2003 ION National Technical Meeting, Albuguerque, New Mexico.

[13]. H. Hurskainen, E. Simona Lohan, X. Hu, J. Raasakka and J. Nurmi (2008),
Multiple gate delay tracking structures for GNSS signals and their evaluation with simulink,
system(, and VHDL, International Journal of Navigation and Observation, p.17.

[14]. M. Irsigler, J. A. Avila-Rodriguez and G. W. Hein (13-16 September, 2005),
(riteria for GNSS Multipath Performance Assessment, Proceedings of the International
Technical Meeting of the Institute of Navigation, ION-GNSS 2005.

ISSN 2734-9888 | 07.2025 XAYDUNG |65



