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SO SANH KET QUA PHAT HIEN TRUQT CHU KY TU TEP TRI PO GNSS

THEO MQT SO PHUONG PHAP KHAC NHAU

PHAM NGOQC QUANG, NGUYEN GIA TRONG, LE THI THANH TAM
’ Truong Pai hoc Mo - Pia chat ) .
LE THI TUYET NHUNG, Cong ty TNHH MTV Trac dia ban do

Tém tit: Hién twong trieot chu ky la mét nguon sai s0 théng thwong trong tri do pha séng
tdi bang céng nghé GNSS. Trong cong tac xu ly s6 liéu GNSS, phat hién va hiéu chinh truot
chu ky la mot cong doan tién xir Iy rat quan trong va thuong gap nhiéu khé khan. Ta at ca cdc
phan mém xir ly 56 lieu GNSS hién nay deu phdai thuc hién bai toan nay truoc khi tién hanh
xit Iy canh do. Trong bdi bdo nay, tac gia trinh bay mét s6 thudt todn phdt hién truot chu ky
trong trwong hop sir dung mét mdy thu tin hiéu GNSS. Két qud thuc nghiém cho thdy véi
phirong phap két hop tri do pha va tri do md chi phat hién dwoc hién twong truot chu ky xdy
ra véi mire d 1om (hang chuc chu ky), phiwong phdp két hop pha - pha phan di tang ion cho
phép kha nang phat hién truot chu ky voi muc do nho hon (co vai chu ky). Tuy thuoc vao
tung truong hop cu thé ma ta cé thé sir dung cdc thudt toan phat hién truot chu ky khac

nhau.
1. Mé dau

Tir khoang nhitng nim 70 cia thé ky trude,
cac hé thong dinh vi vé tinh dau tién di ra doi
va tao nén mdt cudc cach mang maoi trong céc
hoat dong san xuét va nghién ctru khoa hoc. Cac
hé thng dinh vi vé tinh dau tién c6 thé ké t6i
nhu GPS (Global Positioning System) do My
quan 1y, GLONASS (GLObal NAvigation
Satellite System) ctia Nga. Tuy nhién, cac hé
théng dinh vi v¢€ tinh nay con nhiéu han ché do
day 1a nhitng hé théng cta qudc gia va phuc vu
chi1 yéu cho cac myc dich quéan sy. Vi nhu cau
st dung mot hé théng dinh vi vé tinh ctua dan
su, lién minh chau Au d 1én ké hoach xay dung
mot hé thong dinh vi toan cau dudi su quan 1y
clia co quan dan sy 1a Galileo. Cho dén nay, cac
hé théng dinh vi vé tinh trén toan cau dugc go1
tat voi tén chung 1a hé théng vé tinh dan duong
toan ciu GNSS (Global Navigation Satellite
System).

Dé dinh vi bang cac hé thong GNSS, ngudi
ta thuong str dung 3 loai tri do d6 1a tri do theo
ma, tri do theo pha song tai va tri do Doppler.
Trong do, tr1 do pha song tai la loai tri do c6 do
chinh x4c cao nhét (cd mm), vi vay n6 dugc su
dung trong hau hét cac hoat dong do dac tric
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dia va dinh vi véi yéu cAu do chinh xac cao. Ky
thuat quan tric pha song tai twong dbi phuc tap
do lién quan dén s nguyén da tri (Ambiguity)
1a gia tri chwa xéac dinh trong qua trinh quan trac
pha. Gia tri nay thong thuong la hang sO trong
sudt qua trinh quan trac. Tuy nhién, néu xdy ra
sy mat khoa tin hi¢u nhit thoi s& gay ra sy thay
d6i s6 nguyén da tri goi 14 hién tuogng trugt chu
ky (Cycle slip). Hién tuong truot chu ky c6 thé
xay ra voi cip do nho chi vai chu ky hoic cé thé
1én t&1 hang ngan chu ky, do d6 viéc phat hién
va xir 1y trugt chu ky 14 vin dé rat quan trong
trong cong tac xur 1y s6 liéu GNSS.
2. Tri do pha séng tii va hién tuwgng trugt
chu ky

Quan tric pha dugc thyc hién dya trén sy
khac nhau gifra pha tin hiéu v¢ tinh nhan duoc
va pha tao boi may thu tai cac thoi diém do. Tri
do pha duogc tao ra boi sy troi tin hiéu pha ma
may thu tao ra dé quan tric pha nhan dugc tur v¢
tinh. Do may thu khong thé xac dinh dugc sb
nguyén 1an bude song ban dau khi thu nhan tin
hi€u, chinh vi vay ban chét cua quan tric pha do
12 do phan 1¢ cta pha va quan tric lién tuc sy
thay doi cta tri do pha séng tai. Ta c6 thé mo ta
tri do pha song tai bang hinh vé:
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Hinh 1. Tri do pha song tdi

Theo hinh v& trén, ta thiy tri do pha song
tai bao gom 3 thanh phan:

- Phan 1¢ cua pha séng tai ma may thu do
duoc [1];

- S6 nguyén da tri N 14 s6 nguyén lan budc
song chua dugc xac dinh [2];

- S6 chu ky thay doi may thu dém duogc
trong qué trinh v¢ tinh di chuyén trén qui dao
.

Theo [1], [2] tri do pha song tai dugc mo ta
b1 phuong trinh dang pha:

Pt (t t) Ve O €
g (t)= ot
1)

O
— £ (St, - 5t,) + N5 -
(0t —0t)+ N, =%

hoac theo phuong trinh dang khoang cach:
A (X)) =pi(t, 1) —C(St, —Ot)+AN; =8, + 8,y + 0y +E

tro rel
)
Trong cong thurc trén: ¢ (t.)1a tri do pha
S(')pg tai cia may thu r va vé tinh s, t 4 ts 1a thoi
diém may thu nhan tin hi¢u va thoi diém v¢ tinh
phat tin hiéu, p;la khoang cach hinh hoc giira
vé tinh va may thu, St ot 1a sai s6 dong hd
méy thu va dong ho vé tinh, N®1a s6 nguyén da
tri giita vé tinh s va may thur, &, 1a sai s6 tang
dién ly, S,

w 1a sai so tang doi luu, J,, 1a dnh

hudng cua thuyet tuong d6i, ¢ 1a anh hudng
cuia cac nguon sai sO khac.

Nhu di néu trén, trong quan tric pha may
thu can phai thu tin hi¢u cia v¢ tinh lién tuc

trong qua trinh quan tric dé theo ddi sy thay doi
cua pha tin hi¢u nhan dugc. Tuy nhién, vi mot
1y do ndo d6 may thu khong thé theo dai vé tinh
lién tuc s€ xdy ra hién tuong trugt chu ky
(Cycle slip). Trugt chu ky la sy khong lién tuc
cta s6 nguyén lan chu ky trong tri do pha séng
tai, day 1a két qua cua su mat khoa tin hiéu (loss
of lock) tam thoi trong qué trinh quan tric lién
tuc cua mdy thu GNSS. Hién tuong nay lam cho
s6 nguyén da tri cua tat ca cac thoi diém thu tin
hiéu sau khi xay ra truot chu ky bi thay d6i, gay
ra su sai léch vé khoang cach gitta vé tinh va
may thu [3].
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Hinh 2. Hién tuwong truot chu ky

Hién tugng trugt chu ky xay ra khi qua
trinh quan trac pha lién tuc bi ngit quang do céc
nguyén nhén nhu: do chuéng ngai vat (cac toa
nha, cay cbi), hoic do ang ten di chuyén qua
nhanh (khi may thu duoc gin trén cac phuong
tién), do 16i thu nhén tin hiéu ctia may thu hoic
do tang dién ly hoat dong qua manh. Trong qua
trinh xu 1y s6 liéu GNSS, viéc phat hién va xir
1y hién tuong trugt chu ky la mot cong doan
tién xir 1y sb lidu rat quan trong. Pay 1a mot
thao tac bét budc trude khi tién hanh xir 1y canh
do GNSS.

3. Mjt sé phwong phap phat hién truwot chu ky

Hién nay, co rat nhiéu cac thuat toan phat
hién trugt chu ky da dugc dé xuat va dua vao st
dung trong cac phan mém xr 1y sd liéu GNSS.
Phu thudc vao muic d¢ trugt chu ky ma nguoi ta
da dua ra céac thuat toan phat hién va xu ly truot
chu ky khac nhau. Trong bai bdo nay, tac gia sé
trinh bay mot sé phuong phap phat hién trugt
chu ky trong truong hop st dung mot may thu
GNSS.
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Theo [2], ta ¢c6 phuong trinh tri do khoang
cach gia theo mé, phuong trinh tri do pha song
tai va phuong trinh tri do Doppler duoc viét
dudi dang don gian nhu sau:

R; = p—C(St, —6t) + 80, (1) + Oyo + G + 6 -(3)
A8 = p—C(St, —t) + 4N =G5, (1) +Gyp + 9y + £,

4

_dp g d(§tr—§ts)+g (5)

Poadt T dt ¢
trong fié: Rj la tri do khoang cach gia theo n}ﬁ
theo tan s0 J, ¢; 1a tri do pha song téi theo tan
s6 |, D; 1a tri do Doppler theo tan s6 j, p la
khoang cach hi,nh‘h(,)c tu v¢ tinh dén ‘méy :[hu,
ot,, ot 1a sai s6 dong ho may thu va dong ho v¢
tinh, N,

@) la sai s6 tng ion theo tan s6 j, J,, 1 sai

1a s6 nguyén da tri theo tan sé j,

|on

s6 do tang dbi luu, &,

1a sai s6 do hiéu tmg
thuyét tuong ddi, &. , & , &, 1a cac nguon sai sb
khac ddi véi tri do ma, tri do pha va tri do
Doppler, 4; la budc song cua tan sb j.
3.1. Phwong phdp sir dung két hop tri do pha
va tri do ma

Xét hi¢u gitra 2 thoi diem thu tin hi¢u ti va
ti.1, phuong trinh (3), (4) s€ duogc viét lai cé
dang nhu sau:

AR; =Ap—A(St, —Ot)C+AS,, +AS,, +AS, +Ag,
(6)
A, = Ap=A(St, St )c+ A,AN; = A, +Ad,, +Ad, +A¢,
(1)
trong do:
AR, =R} -R™
A =¢, 4} : (@)
AN, =N{-N;*

Két hop phuong trinh (6) va (7) ta ¢ biéu
thtrc:
A;A¢; —AR; = AAN;

Dya vao phuong tr1nh (9), ta co the phét
hién dugc hién tuong trugt chu ky. Nhu dé trinh
bay ¢ trén, sO nguyén da tri thong thuong s€ 1a
hang sO trong sudt qua trinh thu tin higu, do d6
néu khong xdy ra hién tuong trugt chu ky gia tri

— 208, +Ag, .. (9)

on
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ANJ. =0. Gia tri A¢

rat nho. Dé nhéan biét truot chu ky ta s€& theo doi
su bién ddi bat thuong cua gia tri cia biéu thirc
trén. Vai viéc s dung phuong phéap so sanh tri
do ma va tri do pha ta c6 thé xac dinh trugt chu
ky trén tung tri do song tai khac nhau. Tuy
nhién, do tri do ma c¢6 do chinh xac thép hon
nhiéu so véi trj do pha, vi thé phuong phap trén
chi duogc sir dung dé phat hién truot chu ky véi
muc do 1on.
3.2. Phwong phdp phan dw tang dién ly
Phuong phap nay duoc st dung dé phat
hién truot chu ky ddi véi cac may thu GNSS 2
tan s0. Ta c6 phuong trinh tri do pha trén song
tai L1 va L2 duoc viét dudi dang'

A6, thuong co gia tri

p-c’ ion

A¢ = p—c(St, —ot) + AN, =5, (D + 0y, + 5, + &,
(10)

Lp, = p—c(t, —ot)+ N, —6,,,(2) + 6 + 6,y +&,
(11)

Xét hiéu cua phuong trinh (10) va (11) ta
co:
A (6) =28, () = AN, — LN, —AS,, () + A, .(12)
Néu xét hiéu cta 2 thoi diém thu tin hiéu t;
va ti1 ta co:

ion

AAH () — LA (5) = AZAN, - L,AN,
, (13)
—AVS,, (t)+AVe,
trong d()'
|on (I) A ion (1) A ion (2)
AVé‘lon (I) = A ion (I) A ion (I 1) * (14)

AVgp = Agp —Agp‘l

Hién tuong truot chu ky co thé dugc phat
hién trén tan s6 L1 hodac tan so L2 bang cach su
dung phuong trinh (13). Trong phtrong trinh
trén, gia tri AVS, (t)dugc goi 1a phan du tang
ion. Thong thuong,so hiéu chinh ’tang dién ly
gitra 2 thoi diém thu tin hi¢u lién ti€p c6 su thay
d6i rat nho do @6 gia tri AVS,, (t) cling c6 gia
tri rat nho. Néu trong qua trinh thu tin hiéu
khong xdy ra hién tugng trugt chu ky, hiéu
AAN, — AN, =0. Do viy, néu biéu thirc bén
phai cua phuong trinh (13) c6 gia tri 16n bt
thuong s€ 1a dau hi¢u nhan biét sy xdy ra cua
hién tugng trugt chu ky. Phuong phap nay dung

ion



dé phat hién truot chu ky xay ra v6i mic do nho
¢d vai chu ky, tuy nhién nhwoc diém cua
phuong phap d6 1a khong thé xac dinh duoc
hién tuong trugt chu ky xay ra trén song tai L1
hay trén song tai L2.
3.3. Phwong phdp tich phan Doppler

Theo [2], tich phan cuta tri do Doppler tirc
thoi gitra 2 thoi diém t va tiq dugc viét dudi
dang:
ﬂjJ:'ledt:Ap—A((Str—5tS)C—A5mn+A5 +AS, +&,

(15)
Két hop phuong trinh (7) va phuong trinh
(15) ta co:

5
AN;=Ag +[' Didt+s,.

tro rel

(16)

Vi viéc st dung phuong trinh trén, hién
tuong trugt chu ky xdy ra trén tan sé j s€ duogc
phat hién. Nhu da néu trén, quan tric pha dya
trén viéc do phan 1¢ cua pha va quan tric lién
tuc trong qué trinh thu tin hiéu. Néu xay ra sy
mat khoa tin hiéu trong quang thoi gian thu tin
hiéu, s6 nguyén da tri s& bi sai léch va xay ra
truot chu ky Do vay, tich phan tri do Doppler
tirc thoi gitra 2 thoi diém thu tin hiéu lién tiép
1a giai phap hiru hiéu dé phat hién truot chu ky.
Tich phan nay co6 thé duogc tao ra boi dir liéu
Doppler v6i mot da thirc ¢6 bac phu hop.

4. Két qua tinh toan thyuc nghiém

Dé khao sat kha nang phét hién trugt chu
ky theo cac thudt toan néu trén, tic gia da tién
hanh x4y dung module chuong trinh phat hién
truot chu ky su dung hai phuong phap do la
phuong phap két hop pha va ma va phuong
phap phan du tang ion.

S6 liéu duoc st dung dé tinh toan trong bai
bao duge do bang may thu hai tin s6 GB-1000
cua hang Topcon tai khu vuc huyén Thanh Oai,
Ha Noi vao ngay 20 thang 9 nam 2013. Sé lidu
sau khi do dac da duoc chuyén vé khuén dang
chuén RINEX dé thuan tién cho cong tac tinh
toan xur 1y s6 liéu.

4.1. Két qua tinh todn thwc nghiém theo
phwong phdp két hop pha va ma

Céc bang dudi ddy s& thé hién két qua phat
hién trugt chu ky trén song tai L1 va song tai
L2 déi véi vé tinh GPS ¢6 s6 hiéu 12.

Bang 1. Két qua phdt hién trueot chu ky trén

song tai L1
Thoi diém t; | Thoi diém t, Két qua
tinh(mét)
01h09m50s | 01h09m55s 0,85
01h09m55s | 01h10mO00s -1,36
01h10mO00s | 01h10mO05s -1,89
01h10mO05s | 01h10m10s 1,58
01h10m10s | 01h10m15s 460,48
01h10m15s | 01h10m20s -1,25
01h10m20s | 01h10m25s 1,42

Bdng 2. Két qua phdt hién trueot chu ky

trén song tdi L2

Thoidiémt; | Thoidiémt, | Kétqua
tinh(mét)
01h09m50s 01h09m55s 2,21
01h09m55s 01h10m00s -4,49
01h10m00s 01h10mO05s -1,73
01h10mO05s 01h10m10s -1,26
01h10m10s 01h10m15s 256,01
01h10m15s | 01h10m20s -0,84
01h10m20s 01h10m25s -1,01

Theo két qua tinh toan cuia hai bang trén, ta
thdy gia tri sai phan gitta hai thoi diém
01h10m10s va 01h10m15s c6 gia tri khac biét
han so véi sai phén tai cac thoi diém khéac. Didu
nay ching to tai thoi diém 01h10m15s da xay
ra hién tugng truot chu ky trén ca song tai L1
va song tai L2.

Nhu da thdo ludn & trén, phuong phap nay
chi dugc s dung ddi véi trudng hop hién tuong
truot chu ky véi gid tri 1on cd vai chue chu ky.
Do d6, két qua phat hién truot chu ky tai thoi
diém 01h10m15s 14 hoan toan c6 thé tin cay.
Cac gia tri sai phan khac tuy déu khéc 0 nhung
do phuong phap nay con t6n tai mot sd sai sb
chua thé hiéu chinh nén chung ta chi xét dén sy
thay doi 16n bat thuong ctia gia tri sai phan tinh
duoc.

4.2. Két qud tinh todn theo phwong phdp phin
dw ting ion

Theo phuong phéap phan du ting ion, ta chi
c6 thé phat hién truot chu ky xdy ra tai thoi
diém nao d6 chir khong thé phat hién trugt chu
ky xay ra trén song tai nao. Bang 3 dudi day s€
thé hién két qua phat hién truot chu ky ddi véi
vé tinh 12 sir dung tép sb liéu nhu trén:
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Bdng 3. Két qua phdt hién trugt chu ky theo
phu’ong phap phan dir tang ion

Thoi diém | Thoi diém t» Két qua
t1 tinh(mét)
01h09m50s | 01h09m55s -0,52
01h09m55s | 01h10mOO0s -0,65
01h10m00s | 01h10mO5s -0,16
01h10m05s | 01h10m10s -0,32
01h10m10s | 01h10m15s 204,47
01h10m15s | 01h10m20s -0.41
01h10m20s | 01h10m25s -0,4

Theo bang két qua trén, c6 thé thy tai thoi
diém 01h10m15s c6 két qua tinh phan du ting
ion khac biét so v6i cac thoi diém tinh sai phan
con lai, diéu nay chung t6 tai thoi diém d6 da
xay ra hién twong truot chu ky. Sy thay ddi gia
tri sai phan gilta cac thoi diém tinh toan co bién
d6 bién d6i nho hon nhiéu so véi phuong phap
so sanh pha — ma, vi vy ta co thé st dung
phuong phép nay dé phat hién truot chu ky xay
ra voi mire do nho.

Qua két qua tinh toan theo 2 phuong phap,
c6 thé thay rang véi viéc sir dung 2 thuat toan
khac nhau ching ta déu thu duoc thoi diém
truot chu ky gidng nhau. Piéu nay ching to do
tin cdy cua 2 phuong phép 1a nhu nhau.

5. Két luin

- Trong cac phuong phap phat hién trugt

chu ky, ta déu str dung céc thuat toan sai phan

gilta cac thoi diém thu tin hiéu lién tuc dé theo
ddi sy thay doi bat thudng ciia s6 nguyén da tri
nhim xac dinh thoi diém xay ra truot chu ky.

- Véi viée str dung phuong phap két hop
tri do pha va tri do ma ta c6 thé phat hién hi¢n
tuong trugt chu ky xay ra vai mirc d6 16n co vai
chuc chu ky tr¢ 1€n, phuwong phap phan du ting
ion co thé str dung dé phat hién truot chu ky véi
muc do nhé hon trong khoang 10 chu ky.

- Mdi thuat toan néu trén déu c6 cac uu
diém va nhuoc diém riéng, do do tuy thudc vao
tig truong hop cu thé ma ta c6 thé ap dung cac
thuat toan khac nhau mét cach phu hop nhat.

- Thong thuong, hién tugng truot chu ky
xay ra doc lap trén song tai L1 hodc L2. Két qua
tinh toan cho thay, vé tinh 12 bi trugt chu ky
v6i gia tri twong d6i 10n va xay ra truot chu ky
trén ca hai séng tai, do vay can tim hiéu sau hon
nham xac dinh nguyén nhan gay ra trugt chu ky
d6i voi tép so liéu tham khao.
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SUMMARY
Comparing the result of cycle slip detection in GNSS data by a few defferent methods
Pham Ngoc Quang, Nguyen Gia Trong, Le Thi Thanh Tam
Ha Noi University of Mining and Geology
Le Thi Tuyet Nhung, Survey and Aerial Mapping One Member Limited Liability Company
Cycle slip is a common error source in GNSS’s carrier phase measurements. Detecting and
repairing cycle slip is a extremely important and difficult step in GNSS pre-processing. All GNSS
software have to implement it before processing baselines. In this article, we introduce a few
algorithms to detect cycle slip in case of using single GNSS reiceiver.The experimental results
show that, the phase-code comparison method can only detect cycle slip when it occurred in higher
level (a few dozen cycles), the phase — phase ionospheric residual method has possibility to detect
cycle slip with lower level (a few cylces). Depending on specific circumtances, we can use different
algorithms to detect cycle slip.
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