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Tém tat

Gan day, cac hé théng dinh vi st dung vé tinh toan cau (GNSS) dang c6 nhirng thay ddi, cai tién rd rét
nhw viéc hién dai hoa hé théng GPS (My) hoac trién khai cac hé théng GNSS méi nhw Galileo (Chau
Au), Bac D4au (Trung Québc). Cac hé théng, thiét bi st dung dich vu cia GNSS bao gém: dan dwédng
hang hai, dan dwéng trén bd, canh bao séng than, dan dwérng hang khong... Trong sb d6, la ban GNSS
hay la ban vé tinh 1a mét trong nhitng thiét bi méi nhat s& dung dich vu GNSS dwoc 1&p dat trén tau
bién. So v&i la ban tir va la ban dién, la ban vé tinh c¢é nhiéu wu diém nhw khéng bi &nh hwéng cla
nhiéu tlr tredng va hién twong sai sb tich Iy cla la ban dién. Ngoai ra, cac wu diém khac cua la ban
vé tinh nhw dé 1ap dat, kich thwéc nhd, gia thanh ré va do chinh xac cao. Mé&t khac, la ban vé tinh dé
dang két nbi dén cac hé thdng khac nhw radar, hai d6 dién t&r, may lai tw déng, bd ghi di¥ liéu hanh trinh
(hop den) dé cung cép cac théng sb dong cho cac hé théng diéu khién tau nhdm nang cao d6 an toan
trong hanh hai trén bién. Bai bao khao sat cac thuat toan dwoc (ng dung trong la ban GNSS nhuw thuat
toan LAMBDA va LAMBDA cai tién. Trwdc tién, cu trac gidi thuat va trién khai giai thuat cta thuéat toan
duoc gidi thiéu. Trén co s& clia moé phéng s, hiéu qua hoat ddng clia cac thuat toan sé dwoc danh gia
va phan tich.

T khoa: La ban vé tinh; thuét toan LAMBDA; wéc lwong binh phwong nhd nhét; sai pha séng mang;
la ban GNSS.

Abstract

Recent years, Global Navigation Satellite System (GNSS) have been changed dramatically such as the
modernization of Global Positioning System (GPS) or the introduction of European Galileo System,
Chinese Beidou. Many applications of GNSS have developed consisting of marine navigation, tsunami
warning, route guidance,... Among them, GNSS compass or satellite compass is one of the latest
navigation device installed on marine vessels. There are many advantages of GNSS compass in
comparison to conventional intertial sensors such as magnetic compass or gyrocompass since GNSS
compass is not suffer from magnetic interference or error drifting. Moreover, the other advantages of
GNSS include easy installation, small volume, low price and high precision. GNSS compass could
connect to radar, electronic chart, autopilot, voyage data recorder and provide many dynamics
parameters of vessel to other control systems to enhance the maritime safety.This paper provide a
survey of current algorithms for attitude determination and carrier phase ambiguity resolution using in
GNSS Compass. The algorithms discussed in this paper are LAMBDA (Least-squares AMBIguity
Decorrelation Adjustment) and a modification of LAMBDA called modified LAMBDA method. These
algorithms are first introduced their functionality and implementation. In addition, the performance
analysis for these algorithms is also carried out to figure out the efficiency.

Key words: Satellite compass; GNSS attitude determination; the LAMBDA method; integer least
squares estimation; carrier phase ambiguity; GNSS compass.

1. DAT VAN BE cac dich vy clia GNSS duoc s dung trong dan
Trong nhitng nam gan day, cac hé théng dinh dwong hang khong, dan dudng hang hai, giam
vi st dung V& tinh toan cau (Global Navigation sat moi trwong, dinh vi cac doi twgng va canh
Satellite System — GNSS) ngay cang c6 vai trd bao thién tai,...[1, 2]. Trong linh virc hang hai,
quan trong trong nhiéu Iinh vc ctia cudc sdng, hé thong GNSS dong vai tro quan trong khi

tham gia trong nhiéu hé théng théng tin hang
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hai nhw: nhan dang tw dong (AIS — Automatic
Identification System), may thu dinh vi, may lai
tw dong (Autopilot), hai dd dién ttr, hé thdng
dinh vi dong (DPS - Dynamic Positioning
System), la ban vé tinh [3]. Trong s cac hé
thdng nay, la ban vé tinh da va dang duoc st
dung twong déi rong rai trén cac tau bién bén
canh hé théng la ban tir (magnetic compass) va
la ban dién hay la ban con quay (gyrocompass)
Cac hé théng thong tin hang ha| cung cap cac
thong tin, tham sb hé thdng can thiét gidp cho
con tau cé thé hanh hai an toan & trén moi viing
bién.

Trong qua trinh hanh hai, théng sb vé huéng
miii tau so v&i hwdng cuc Bac cla trai dat 1a vo
cung quan trong. Hwéng mii tau va hwdng di
chuyén cua tau cé thé 1éch nhau khi qua trinh di
chuyén tau chiu anh hwéng cla gié va lubng
chady. Nh& may thu dinh vi hodc may thu GNSS,
cac théng sb vé vi tri anten thu, téc d6 tau so
véi méat dat, hwéng mii tau so véi mat dat co
thé dwoc xac dinh. Tuy nhién, théng sb vé
hwéng mii tau cé thé dwoc cung clp khong
chinh xac qua méay thu GNSS.

DPé xac dinh chinh xac hwéng mii tau, trén cac
tau bién hanh hai bt budc phai trang bj cac hé
thdng la ban nhw la ban tw, la ban dién va gan
day la la ban vé tinh. La ban tir thwdng co gia
thanh th4p nhwng dé chiju tadc ddong cla nhiéu
tlr trwdng va kha nang két néi kém dén cac hé
thdng thong tin hang hai con lai trén tau. La ban
dién cé tinh nang vuot troi, két ndi tot dén tat ca
cac hé thdng théng tin va nghi khi hang hai
nhwng gia thanh rét cao, chi phi bao tri I&n, tich
Gy sai sb va phai dwoc cai d&t hiéu chinh sai sb
v&i cac vi dé khac nhau. Vi vay, la ban dién
khéng phu hop trén cac tau c& nhd (diéu nay
ciing la khoéng bét budc theo quy dinh cta T
chirc Hang hai Quéc té - IMO).

Bai bao nay phan tich cu tric ctia hé théng la
ban vé tinh khi l1am viéc & ché dd da hé théng
vé tinh dinh vi. Thuat toan lién quan dén xt ly
tin hiéu dinh vi trong la ban vé tinh dwgc nghién
cru, phan tich trong bai bao nhw thuat toan
LAMBDA (Least-squares AMBIguity
Decorrelation Adjustment) [4, 5].

CAu trdc cla bai bao dwoc té chirc nhu sau.
Phan 2 s& phan tich céu truc hé théng cua la
ban vé tinh. Cac thuat toan x& ly tin hiéu dinh vj
trong la ban vé tinh sé dwgc mo ta thong qua
phucmg phép giai tich & phan 3. Cubi cung,
phan 4 sé& c6 nhirng két luan quan trong vé cac
k¥ thuat xt ly tin hiéu nay trong la ban vé tinh.

2. CAU TRUC VA NGUYEN LY HOAT DONG
LA BAN VE TINH

2.1. Cau truc la ban vé tinh

CAu trGc cua la ban vé tinh dwoc minh hoa &
Hinh 1 bao gébm céc thanh phan: 02 anten thu
tin hieu GNSS, 02 bd thu tin hiéu GNSS va khdi
xt ly va hién thj. Bén canh do6 tai khéi xt ly va
hién thi s& c6 khdi giao tiép truyén thong theo
chuadn NMEA0183 dé két néi la ban vé tinh dén
cac hé thdng théng tin khac. Hai anten dwoc bd
tri theo truc doc clia than tau, khoang cach gilra
02 anten c¢6 gia tri xac dinh, khong thay ddi va
duwoc goi la dwdng co s& (baseline). B6 thu
GNSS x@ ly tin hiéu cao tdn GNSS dé dwa ra
thong tin v& pha séng mang, thong tin vé vi tri
cla vé tinh dé bo x& ly thwe hién tinh hwéng
mdii tau, vi tri ciia anten dworc tinh théng qua ma
C/A. Khéi xt ly tin hiéu thyc hién cac thuat toan
xt ly tin hiéu trung tan, xt ly tin hiéu sb dé co
dwoc cac dir liéu vé hwéng miii tau, vi tri cac
anten, cac thong tin vé dinh vi trong théng tin
dwoc glri dén tr cac bd thu GNSS. Céac thong
tin hwéng mdi, vi tri,... nay dwoc hién thj hoac
sé dwoc ma hoa thanh ban tin NMEA0183 dwa
dén cdng truyén thong dé truyén dén cac hé
théng thong tin khac nhw Radar, hai dé dién ti,
AIS, may lai tw dong,....

Anten GNSS Anten GNSS
Puwdng co s&
B6 thu B6 thu
GNSS GNSS

Khéi x 1y va hién thi

Hinh 1. So dé céu trac la ban vé tinh

2.2. Nguyén ly hoat déng la ban vé tinh

Goi Al va A2 la 02 anten GNSS nhan tin hiéu
tr cing mot vé tinh Si. La ban vé tinh can phai
xac dinh dwgc hwéng clia vector dwong co sé,
vector B, nhw minh hoa & Hinh 2. Bwong co sé&
dworc Iya chon c6 gia tri dd nho (02 anten dwoc
bé tri gan nhau) dé 02 anten cé cung vector don
vi chi phwong téi vé tinh Si. Hé thdng sé tinh
toan dé xac dinh dwoc huwéng clia vector B theo
céac khung tin hiéu tham chiéu. Néu biét d6 dai
cla vector, can phai xac dinh dwoc sai léch vé
khoang cach tr vé tinh t&i 2 anten, goi la Ap;.
Khi xac dinh duwgc Ap; cang chinh x4c bao nhiéu
thi tinh toan dwoc goc 6, gilra vector B va vector
chi phwong t&i vé tinh Si (goi la vector Si) cang
chinh x&c bay nhiéu, v&i: Ap; = |B|cos6; = B.S;
Ky hiéu cac tham sb dé thwc hién tinh toan nhw
sau:



@i, (85,): goc pha cla tin hiéu GNSS tir vé
tinh th i t¢i bd thu 1 (b6 thu 2)

pin (pim): khodng cach gitra vé tinh thir i toi
b thu 1 (b thu 2)
C: téc d6 anh sang
At': sai léch ddng hé gitra ddng hd cua veé tinh
thr i va thoi gian GNSS.
AT, (AT,): sai léch déng hd gitra ddng hd cua
bd thu 1 (bd thu 2) va thdi gian GNSS.
A: bwéc séng cla tin hiéu L1 (19,03cm).
N{ (N)): sai léch chu ky séng mang do duoc tai
bo thu 1 (b thu 2) tir V& tinh the i.
di,,: tré tAng dién ly ti vé tinh the i t&i bo thu.
dlyop: tré tang doi Ik tr vé tinh thir i t&i bo thu.
bias! (biast): sai pha séng mang tai bo thu 1
(b6 thu 2) tir vé tinh th i do cac nhan t0 khac
nhw: da dwong,...
Do 2 anten dat gan nhau nén tré tang dién ly,
tré tng déi lwu cha tin hiéu tw vé tinh th i tdi
2 anten la nhw nhau.

I B

Hinh 2. Xac dinh huéng cua dudng co sé theo
pha tin hiéu GNSS.

Tl 46, gié tri do dac pha séng mang duoc biéu
dién thanh:
Ag. = p +C(At' —AT)
+AN; —d +d, +bias;

iy = Pl +C(AT - AT,)

+A.N) —d. +d_ +bias,

trop

)

)

Dé loai b sai léch va céac sai sb trong qua trinh
do dac, thuc hién xac dinh sai léch gitva cac goc
pha. Ta cé:

¢, — &) = Ap, + C.AT + L.AN, + Abias; (3)

T d6, sai khac vé khoang cach gitra 2 anten
cla 2 bo thu t&i vé tinh GPS dwoc xac dinh:

Ap, = A(¢, —#,,) +C.AT — LAN, — Abias, (4)

Tuy nhién, trong (4), sai léch khoang cach van
con ton tai sai séldo ban thé‘n cac bé thu. Vi vay,
dé loai trir sai sb nay, ta can xac ‘dinh sai Iégh
twr 2 b6 thu t&i cac vé‘tinh trong tam nhin thay
nham loai bé thanh phan C. AT trong (4). Gia s,
c6 k + 1 vé tinh trong tdm nhin thay cla cac bo
thu, twong trng c6 k + 1 phwong trinh gidng (4).
Do d6, ta sé c6 k phwong trinh c6 dang:

(Ag. —Ag) +(Am —Am)

Api - Ap1 =4 ¢ ¢ ' (5)

+(Ab, — Ab))
Véii=273,4,...,k
Trong d6: Am; = —AN;; Ab; = —Abias;/A
Do dé, ta sé co:

Ap, —Ap; = B(S; =S,) = (VAd), + VAM, +VAb) 2 (6)
DatS =[S, — 5,83 —S, ... Sy — S, ], tacod
(VA@Z +VAM, +VADb,)A
(VA$S +VAM, +VAb)A

BS = (7)
(VAGE™ +VAmM, , +VAD, )4
Vi vay, ta sé xac dinh dwoc:
(VA@: +VAmM, +VAb,)A
B g (VA +VAM, + VAD,)A ®)

(VAgE™ +VAm, , +VAD, )4

Véi k phwong trinh nhw (6), hwéng clia vector
B duwogc xac dinh. Tuy nhién, trong qua trinh tinh
toan thong sé tin hiéu GPS, gia tri cla VAg co
thé dwoc xac dinh nhwng van khoéng xac dinh
duoc chinh xac dwoc sé chu ky sai léch gitra
cac tin hiéu GPS (hién twong integer
ambiguity). Dé xac dinh dwoc sai léch nay, mot
sb giai phap dwoc dé xuét nhu quay duong co
s& hodc tang thoi gian x&r ly dé thay déi chom
sao GPS trong tAm nhin thay. V&i cac (rng dung
cho cac phuong tién giao thdng, gidi phap quay
duong co s& thwong dwoc ap dung dwa trén
viéc di chuyén, quay tré cla cac phuong tién
nay.

2.3 Giai phap quay dwong co’ s&

Giai phap quay du®ng co s& giai quyét hiéu
qua dwoc van dé sai léch chu ky. Dwa trén co
s& quay duwong co s&, giai phap dao anten
duwoc dé xuédt, cu thé, goi B1 1a vector chi
phwong cla dwong co sé&, sau dao anten,
vector chi phwong tré thanh B2 nhw Hinh 3. Tw
(8), B1 dwoc biéu dién



(VA@Z +VAmM, +VAb,)A

(VA +VAM, +VAb,)A

B2=S" =-B1 (9)

(VAgE™ +VAmM, , +VAD, )2

Gia st khdéng co6 hién twong léch chu ky song
mang trong qua trinh quay, khi dé vector B2
dwoc biéu dién

(VAg: +VAmM +VAb)A

| (VAG: +VAm, +VADb,)A

B2=S" (10)

(VA +VAmM, +VAb,)A

Gia slr, xét 04 vé tinh trong tdm nhin thay cla 2
bo thu. Khi d6 B2 tré thanh

(VA$ +VAmM +VAb)A
B2=S".| (VA4 +VAm +VAb)A

(VA$ +VAM_ + VADb)A

VA

=-Bl=S"| VAg |4
VAg,
Gia str, goi
(VA —VAm — VAb)A
BL =S.| (VAg —VAm —VAb)A

(VA —VAm —VAb)A

(-VA$ —VAmM —VAb)A
B2 =S".| (-VA¢ —VAmM —VAb)A
(-VA$' —VAm —VAb)A

Tinh toan sai lIéch gitra B1m va B2m, sy sai léch
vé chu ky pha séng mang sé dwoc loai bd, ta
co:
(-VA$ —VAmM —VAb)
(BL -B2)/2=S".| (-VA§ —VAmM —VAb) |1 /2
(-VA¢' —VAm —VAb)

=B1
Do d6, hwéng cla vector B1 sé dwoc xac dinh.
Gidi phap quay anten dwoc thwc hién bang
cach quay vector dwdng co sé& di mot géc 180°.
Gia str dwong co s& dwoc quay di 1 géc la 6.
Goi

(-VAm, - VAb)
Bias =S .| (-VAm —VAb) |1
(-VAm_ - VAb)
Tw cac biéu thire & trén, ta co:
B1,, = B1 + Bias
B2,, = B2 + Bias
Méi quan hé gitra B1 va B2 c6 thé dwoc quan
sat tr hinh vé:
B2 =R(n,0)B1
Trong d6, R(n, ) la phép quay truc n di goéc 6.
Véi gidi phap nay, vector dwdng co s& dugc
quay trong mat phang ngang, do dé, truc
n=[001]". Khi d6 ta c6 ma trdn cla phép
quay:
cos@ -singd O

R(n,#)=|sin@ cosf® O
0 0 1

T biéu thirc & trén, do sai léch cé thé loai b
duoc:

B2,, —B1,, = B2 —-B1 =R(n,0)B1 —B1

=[R(n,0) — I5,3]B1

Nhuw vay, v&i viéc xac (’iinh dwoc B2,,, B1,, va
v&i 1 géc quay da biét, ta sé xac dinh dwoc
hwéng cua vector B1.
3. XU LY TIN HIEU TRONG LA BAN VE TINH
3.1. Thuat toan LAMBDA

Phuwong phap LAMDA  (Least-squares
AMBIguity Decorrelation Ajustment) dwoc phat
trién b&i trwéng dai hoc Céng nghé Delft dé xi
ly van dé sai chu ky pha séng mang trong viéc
dinh vi chinh xac st dung dich vu hé théng
GPS.
Phuwong phap nay sé wéc lvong sai pha dang
nguyén qua hai buwéc. Buéc 1 st dung bién dbi
Z dé thwc hién tinh twong quan cﬂg cac sailéch
chu ky pha. Budc 2 toi thiéu hda s6 nguyén nay
bang cach tim kiém r&i rac trong mién elip.
3.1.1. Uéc lwong théng sé
Phan gidi sai I‘éch pha ‘séng mang GPS la qua
trinh tim sy nham lan vé chu ky cla sai léch kép
di liéu pha song mang. B6 sai léch nay la 1 sO
nguyén. M6 hinh GPS dugc si dung co thé
dwoc biéu dién dwoi dang phwong trinh quan
sat dwoc tuyén tinh hoa:

E{y}=Aa+Bb+e
Trong dé: y la vector di¥ liéu GPS, a va b la bién
vector théng sb bac n va bac p. e 1a vector tap
am bacm
Ma tran A va ma tran B 1a ma tran thiét ké co



kich thwéc lan luot lam x nvam x p.

3.1.2. Wéc lwong téi thiéu binh phwong
dang nguyén

Qua trlnh anh xa tlr mién khong g|an n Chleu
cac sb thuc sang khong gian n chiéu cac sb
nguyén da dwogc thwc hién & phan trén. Sé
lwong anh xa c6 thé thwe hién dwoc twong ddi
I&n. Do vay, viéc anh xa nay phwc tap hon so
véi b wéc lwong téi thiéu binh phuong. Qua
trinh wéc lwong téi thiéu binh phwong téi wu
hon gidi phap trwédc do bd wéc lvegng sé tim
cuwc dai xac suit d& xac dinh chinh xac sb
nguyén can tim.

3.1.3. Giai twong quan dé sai léch chu ky
pha

Theo ly thuyét, c6 thé thwc hién viéc tim kiém
sb nguyén nhw & phan trén trong khéng gian
ban dau ctia do sai léch kép vé chu ky pha séng
mang. Tuy nhién, do sy twong quan cao gilra
cac phan ttr ctia vector sai léch chu ky pha ciing
nhw sw kém chinh xac cta cac phan t&, qua
trinh nay sé tré nén rat cong kénh va phurc tap.
Vi vay, bang cach tham sb hoa céac sai léch chu
ky pha, ta c6 thé lam téng do chinh xac ctia méi
phan tt, dong thoi lam gidm dé twong quan
gitra chung. Qua trinh tham sb héa nay gibng
nhw bién ddi Z, thyc hién bién dbi cac do sai
léch kép chu ky pha ban dau sang tap cac do
sai léch.

Pai sé tuyén tinh cho LAMBDA

Goi b 1a vector chtva 3 thanh phan cta dwéong
co s@, a la vector d6 sai léch chu ky pha cla
tan s6 L1 va c6 thé cho tan s L2. D6 quan sat
sai léch kép dworc lwu trong vector y

[B A] [Z] =y +errors

Cac phwong trinh chuén tac la:
[BTB BTA [B] _ BT] y
ATB  ATA AT
Va gidi ra dwgc
bl _[BTB BTA| '[BT]. _
H - [ATB ATA] [AT]y -
Qs Q
A | M PaEE)
Qsa
Cac thanh phan cla vector a la thuc, tuy nhién
ta mudn céac thanh phan d6 la s6 nguyén. Do
do, ta phai thwc hién tim 1 vector sé nguyén a
sao cho:
(@-a)"Q;'@-a
= min.overinteger vectors a
Nhw vay, ta sé xac dinh dwoc sd nguyén d cho
sb thuc a. Twong tw, thuc hién tim sb nguyén b
cho s6 thuc b. Dé xac dinh b, thwe hién bién dbi
(13) bang cach nhan hang dwéi voi QF,Q;" roi

l4y hang thtr nhét trir di cho gia tri vira nhan

dworc, ta sé co:
[Q Q5aQa" 0] BT]
y
Q Qa) LAT
(14)

[b Qb Qz'a
Hang trén sé cho ta:

b—Q3,0a"a = (05 — Q5,02")B"y  (15)
Vé phai cta (15) la hdng sb da biét. Néu dbi a
thanh d, khi dé b s& chuyén thanh b. Do d6, ta
sé co:

b—Q540:"a = (b - Q5,05d)  (16)
Khi do, dé dang xac dinh duoc:

~ ~

b =b—-Q},Q;*(@—a) (17)

3.2. Xt ly tin higu trong la ban vé tinh dé xac
dinh cac thong so vé hwéng miii.

Toan ‘bcf) qua trinh xt ly tin hiéu dwgc mé ta qua
Iu d6 & Hinh 3.

Cac budc co ban dé thuc hién viéc tinh toan
théng s6 hwéng mdii tau tr tin hiéu dinh vi
GNSS:

Thu nhan tin hiéu cao tan tir cac vé tinh GNSS
té’i’antgn cGa} bo thu.‘Tl'n hiéu cao tan nay duoc
khoi d‘éu cudi cao tan (RF Frontend) x ly dé
dwa vé tring tan va chuyén doi sang dang s6
nh& bd bién dbi twong tw s6 (ADC).

Tin hiéu GNSS dang s6 tiép tuc qua cac khdi
khai pha tin hiéu, bam tin hiéu dé cudi cung giai
ma ra ban tin dinh vj va tinh ra cac toa do cta
anten chinh cling nhv wéc lweng ra vi tri clia
anten phu.

X0 ly cac théng sb cla vé tinh quan sat dwoc
voi dir liéu du’o’q gidi ma va chon ra 04 v§ tinh
c6 mirc cdng suat t&i anten chinh cao nhat.
Tinh toan sai léch don dé tim ra toa dd cla
anten 2

Tinh toan, s dung cac diéu kién rang budc (lién
quan déen so quyén !én buwéc séng mang) dé
tim ra théng so tot nhat.

Tinh toan v&i théng sé ctia anten con lai dé wéc
lwgng dd chinh xac dwa trén nguyén ly binh
phwong tbi thiéu (LS- least squares)

Bién ddi cac thong s6 vé toa d6 vai nhirng gia
tri phu hop thanh céc thdng so6 vé hwdng mdii,...
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4. KET LUAN

La ban vé tinh la mét trong nhitng hé théng la
ban dwoc st dung trén cac tau bién dé xac dinh
hwéng clia mii tau trong qua trinh hanh hai trén
bién. La ban vé tinh hoat dong dwa trén cong
nghé dinh vi s dung vé tinh. So v&i cac hé
thdng la ban khac (la ban tir, la ban con quay),
la ban vé tinh cé nhiéu wu diém rd rét. Voi sw
phat trién khéng ngirng clia khoa hoc va cong
nghé, cac (rng dung cla la ban vé tinh sé khéng

ngrng phat trién va thay thé cho cac hé théng
la ban con lai. Ddng thoi, véi sw phat trién cua
cac hé théng dinh vi st dung vé tinh, do tin cay
cta hé théng la ban vé tinh sé& khéng ngirng
téng Ién va ngay cang hoat dong 4n dinh.
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