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KHAO SAT THUAT TOAN BLEWITT TRONG PHAT HIEN
TRUQT CHU KY TREN TRI PO PHA GPS VA GLONASS
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Tém tat:

Chung téi da tién hanh khdo séat khd nang cla thuét toén Blewitt trong viéc phét hién
trurot chu ky trén tri do pha GLONASS va GPS, nham phuc vu cho viéc xw ly tich hop hai
hé théng. Két qua cho théy dung da thirc bac nhét véi sé diém dir liéu trung binh 6 cé thé
phét hién nhitng do truot nhd nhét trén té hop dién ly L, véi do tin cdy cao cho cd GPS va

GLONASS. Tuy nhién do &nh hudéng cua tri do ma, kha nang phét hién trurot nhé nhét trén
t6 hop Wide-lane la +2 chu ky cho GPS va £3 chu ky cho GLONASS.

1. Giéi thiéu

ung voi sy phat trién cua hé théng
‘ dinh vi toan cau GPS clGa My, hién

nay voi mét cau hinh vé tinh hoan
chlnh hé thong GLONASS cua Nga ngay
cang thu hut dwgc nhiéu sy quan tdm cua
céng déng dan sw. S dung GLONASS sé
cung cap thém moét két qua dinh vi khach
quan va tranh sy phu thuéc qua Ién vao
GPS. Mat khac khi xtr ly tich hogp hai hé
thdna trén cé thé lam tdng d6 chinh xac dinh
vi V2 1an.

Pé dat dwoc dd chinh xac dinh vi cao
nhéat, ching ta phai xt ly tri do pha (carrier
phase measurement) va tham sb da tri
(ambiguity) phai dwoc giai thanh cong. Tuy
nhién, do hién twgng mat khoa trong vong
lap do tim pha cua may thu co thé lam cho
tham s6 da tri ban dau thay déi mot gia tri
nguyén ngau nhién bat ky. Hién twgng nay
dwgc goi la trwot chu ky pha (cycle slip).
Trwot chu ky co thé xay ra cho tat ca tri do
pha trén ca hai tan sé f;, f, voi do trugt co
thé la moét chu ky hodc dén hang triéu chu
ky Voi d6 trwgt mot chu ky se gay ra sai s6
gan 20cm trén tri do L4. (Xem hinh 1)

Nhw vay, muén x& ly tri do pha thi nhat
thiét trwot chu ky phai dwoc swa chira triét
dé. Hién nay, co nhiéu nghién cuu vé viéc
swa chlra trwot chu ky, nhung chu yéu
duwgc thye hién trén cac tri do dang hiéu doi
va cho tri do pha GPS. Trong khi do, cac
nghién cuu twong ty cho trwong hgp chi sw
dung dw liéu do tw mét may thu van con han
ché va rat hiém cho tri do pha GLONASS.
Déi véi dw lieu GPS hai tan so, Blewitt dwoc
xem la nguwoi dau tién da duwa ra mot
phuong phap hiéu qua cho viéc phat hién
va suwa chtra trwgt chu ky [1] Uu diém cua
phwong phap nay la cé thé stva chiva cho
mot file di¥ liéu don va cé thé (rng dung cho
thoi gian thye. Do do, nhiéu nghién ctru thoi
gian thuc va dinh vi diém don da dua trén
phwong phap cua Blewitt [2, 4, 5, 6].

Trong bai bao nay, chung téi tién hanh
khao sat vé kha nang phat hién truwot chu ky
trén hai t6 hop tuyén tinh ma Blewitt da sw
dung trong thuat toan cta minh cho ca
trwong hop cua GPS va GLONASS, bao
gbm: t6 hop Wide-lane (Wide-lane combi-
nation) va t6 hop dién ly (lonospheric com-
bination). D& tr d6 tién t&i viét chwong trinh
stra chira trwot chu ky chung cho tri do pha
GLONASS va GPS.
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Hinh 1: M6 ta hién tuwong truot chu ky
2. Phwong phap khao sat * T6é hop Wide-lane
2.1. Tri do va cac t6 hop tuyén tinh - T6 hop Wide-lane cho tri do pha:
* Py 3 - - N ~
Mé6 hmh‘cac t’r_l do pha va n?a o L=(fL- L) (f- 1)
,Phu’ong‘ trinh cac tri do pha va ma giu’q ff
may thu va vé tinh nhan dwoc tw GPS va =p-1. 21' 22+,15le (2a)
GLONASS (twvong wng cho cap may thu va f, -fz
¢ tinh) nh 1]: . . .
vé tinh) nhu sau [1] Voi As=c/(f,— f,) =86cm la buwoc
L=40=p-Lf I(f!- )+ AN (l)  song Wide-lane va bs = N, - N, la tham s6
we da tri Wide-lane
L=h0=p-1f (- )+, (1) - TS hop Wide-lane cho tri do ma:
P=p+LfHI(f -1} 1 _
R 9 B=(fR+ £ (+1)
B=p+LfH (- f) (1d) =p+] flfz (2b)
Trong do,®,, ®, la pha song mang, don ﬁz -f:
vi chu ky; L., L, la tri do pha, don vi khoang
cach; P,, P, la tri do ma trén hai tan s6 phat Tu (2a) va (2b) ta viét lai nhu sau:
f;, f, (gia tri tAn s6 khac nhau cho méi vé tinh l
GLONASS [3]); | la @6 tré dién ly; N la tham b =—(L-P) (2c)
s6 da tri gira may thu va vé tinh; va i la A

bwoc song twong wng voi tan sé f. Thanh

X ; 9 Ve n *T6 hop dién ly L,
phan p bao gbm khoang cach hinh hoc giva

vé tinh va may thu, do tré déi lwu, sai s6 T6 hop dién ly L, trén tri do pha duoc
dong hd va cac ngudn sai 6 khac tac dong  thanh 1ap nhu sau:
vao tri do.
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L,=L-L=1+%N-4.N,
LN -NH AR,
=[+/11.bs_}d4.N2
=I+b, 0)
Voi A, = A, — A, = 5.4cm la buoc song
t6 hop dién ly.
2.2.‘Khéo s,a't kha nang phat hién trwot
chu ky trén t6 hop Wide-lane
Theo Blewitt [1], gia tri bs dwgc tinh truy
hoi tai mbi epoch theo cong thirc sau:

{2

)
0; —O',_]‘|'-'

4

Trong céng thuwc trén, chi sé i la s6 epoch
tai thoi diém tinh trong doan dw liéu, bs la
gia tri bs tai epoch thw i. Gia tri trung binh
cua by dwoc tinh mét cach chinh xac, dé
don gian, € chi dwoc tinh dén khai trién bac
1, bac cao hon co thé bo qua. Gia tri mac
dinh cho sai s6 trung phwong tai epoch dau
tién dwoc chon la 0.5 chu ky (gia tri nay
chon theo kinh nghiém va duoc xem la gia
tri t6t cho moi trwong hop).

Néu (bs); nam trong gioi han 4 1an d6 léch
chuan (RMS) thi dwoc xem nhw khéng co
trwot chu ky. D& dam bao tinh chat che vé
mat thdng ké, chung toi tién hanh viét mot
chwong trinh nho trén ngdn ngw l1ap trinh
Matlab dé cap nhat gia tri trung binh cua by
tai epoch thu i, (bs); va phwong sai cua no
& dwya vao tat ca cac epoch trwoc do dén
epoch thu i.

D& chi ra d6 tin cay cua thuat toan trong
viéc phat hién trwot chu ky. Cu thé la, bao
nhiéu epoch tham gia tinh toan la du kha
nang phat hién trwot chu ky va co thé xac
dinh dwoc cac do trwot nho nhat la bao

nhiéu (vi du nhu mét chu ky). Chung ta se
théng ké gia tri sai s6 trung phwong (¢ ) tai
mdi tram do cho twng trwong hop cua
GLONASS va GPS. Can lwu y rang, do
nhiéu cua tri do ma se tac déng dén dé tin
cay cua t6 hop Wide-lane.

T6 hop Wide-lane dwoc biét la rat hiéu
qua trong viéc phat hién trwot chu ky. Tuy
nhién, t6 hop nay cung co gioi han riéng
cua no. Cu thé, khi hién twong trwot chu ky
xay ra déng thoi trén ca hai tan sé, cung do
lon va cung dau thi s& khéng quan sat dwoc
trén t6 hop Wide-lane. Hon nwra, néu chi
dung mét t6 hop tuyén tinh thi khi xay ra
trwot se khong biét la trwot trén tri do nao va
dé lon la bao nhiéu. Do do, nhat thiét phai
can dén mét t6 hop thw hai.

'2.3. Khao sat bac va s6 epoch dung
xap xi da thwe trén té6 hop dién ly

DPé woc lwong dod trwgt chu ky trén Ly,
Blewitt dwa vao tinh chat thay déi tw tw cua
do tré dién ly I (hoat ddng cua tang dién ly
trong diéu kién trung binh) béng cach dung
moét da thwc (thwdng chon la bac 2) dé xap
xi cho it nhat 20 epoch truwéc va sau thoi
diém xay ra truot.

Dé kiém tra thuat toan, chung téi dung
ham polyfit sdn co trong Matlab voi s6 bac
da thwc va s epoch tham gia xap xi thay
déi, nham kiém tra d6 léch gitra gia tri ngoai
suy tw md hinh (L,’) voi gia tri thue té (L) tai
twng epoch. Bang ky thuat théng ké, chung
ta se danh gia dwoc dd tin cay cua thuat
toan théng qua cac sai s6 trung phuong
(RMS) xac dinh gia tri dy bao cua L, cho
mdi vé tinh GLONASS, GPS va cho ca tram
do. Cu thé:

vi=L,-L,, i=Ln

RMS =1 [VT] 5)

Trong do n la s6 diém d liéu.
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3. Xt ly di¥ liéu va phan tich két qua
3.1. Dw liéu mau khao sat

D& khao sat chung t6i tién hanh thu thap
dl.:l" liéu do tw nhiéu ngudn khac nhau, bao
gom:

- D& liéu tv cac tram IGS. Tai cac tram
nay déu dwoc trang bi cac may thu hai tan
s6 chat lwgng cao véi bd dao ddng ngoai
theo chuan nguyén tlr va anten chuyén
dung dé gidm anh hwéng da dudng.

- D& liéu tw cac may thu hai tan s6 théng
thwong & Viét Nam.

Cac dw liéu trén 1a hai tan so cho ca GPS
va GLONASS, co thoi gian thu lién tuc tai
tram may dai 24 gio. Vi 1a do tinh nén tbc do
thu cai dat 15s hay 30s. Cac dw liéu nay da

duwgc sra chira d& dam béo la khéng co
trwot chu ky trén tri do pha. Ngoai ra, dé
tang tinh khach quan chung dwoc thu thap
tr nhiéu loai may thu khac nhau nhu:
Trimble, Leica va Topcon. Théng tin vé tap
dw liéu khao sat dwgc mé ta o bang 1.

3.2. Két qua xw ly trén t6 hop Wide-
lane

Trong hinh 2 minh hoa mét trwong hop
cho vé tinh GLONASS R15, cac diém cham
thé hién gia tri by tai twng epoch, dwong net
lién o gitra la gia tri trung binh cua by va hai
dwong bién thé hién dd tin cay cua t6 hop
Wide-lane (bang 4 lan dd léch chuan). Két
qua khao sat dwgc trinh bay chi tiét o bang
2.

Két qua tw bang 2 cho thay, gia tri RMS

Bang 1: Théng tin vé cac tram do trong khao sat

STT | Tramdo | Téc dd thu (s) Loai may thu Ghi chu
1 YONS 30 Trimble R9
2 WUHN 30 Trimble R8
3 PTAG 30 Leica GRX1200
4 DARW 30 Leica GRX1200 IGS
5 NTUS 30 Leica GRX1200
6 URUM 30 Topcon G3
7 LHAZ 30 Topcon EGGD
8 CHI1 15 Trimble R4
9 PLO1 15 Trimble R4
10 CSN1 15 Trimble R7 ] .
May thu théng thwong
11 LUY1 15 Trimble R7
12 GD06 15 Leica GS10
13 GD11 15 Leica GS10
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Te hap Wida lane: Vadinh GLOMN2SS R1E

1] 230 43a (23] 2] 1293 1204 1400 1530 1330
Eprchi 13 3

Hinh 2: Té hop Wide-lane cho tram LUY1

Bang 2: Théng ké két qua khao sat trén t6 hop Wide-lane

e do RMS trung binh (L5 cycle) Ty s6 RMS

' GPS GLONASS GLN/GPS
1 YONS 0.43 0.58 14
2 WUHN 0.37 0.48 13
3 PTAG 0.19 0.19 10
4 DARW 0.26 0.23 0.9
5 NTUS 0.22 0.24 11
6 URUM 0.43 0.50 12
7 LHAZ 0.39 0.40 10
8 CHI1 0.36 0.58 16
9 PLOA 0.36 0.66 18
10 CSN1 0.36 0.71 20
11 LUY1 0.56 0.78 14
12 GDO6 0.13 0.13 10
13 GD11 0.10 0.12 12
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déi voi GPS la tw 0.1 dén 0.6 chu ky va 0.1
dén 0.8 chu ky cho trwong hop cua
GLONASS. Nhin chung, két qua tv GPS
lubn t6t hon GLONASS, ngoai trw trwong
hop cua may thu Leica thi cho két qua gan
nhw nhau. Twong tuw, néu chon dd tin cay
bang 4 lan sai sb trung phwong thi t6 hop
Wide—lane chi co kha nang phat hién dugc
cac do trwgt nho nhat tw +2 chu ky tro' lén
déi voi GPS va £3 chu ky tro' 1&n cho trwong
hop GLONASS.

T6 hop Wide—lane luén chiu tac ddng boi
ddé nhiéu cua tri do ma va hién twong da
dwong truyén. Cac tram IGS déu duoc
trang bi may thu va &ng ten chéat lweng cao
nén co thé giam thiéu anh hwong cua cac
tac dong trén. Tuy nhién, voi goc cao vé tinh
dwoc cai dat thap hon 15° thi hién twong da
dwong van la mét tro ngai khi dé cap dén do
tin cay cua t6 hop Wide—lane trong phat
hién va slra chira trwot chu ky pha.

3.3. Xw ly dw liéu trén t6 hop dién ly
Béac da thuc va s6 diém di liéu xap xi
(epoch) dwoc cai dat theo bang 3

Bang 3: Bac va s6 epoch tham gia xap

xi da thuc
Bac da S6 epoch tham gia xap xi da thirc
the | 14 thigy Téi da
Bac 1 3 10
Bac 2 4 20
Bac 3 5 30

Chung téi tién hanh xu ly voi cac cai dat
nhw trén cho bd di liéu dung trong khao sat.
Két qua khao sat dwgc minh hoa & bang 4
va hinh 3 cho tram LUY1. Bang 5 tém tat
cho toan bo di liéu.

Theo két qua théng ké tw bang 5, cho
thay trwong hop da thwe bac 1 ludn cho két
qua RMS nhd nhat va twong wng voi sb
epoch trung binh co thé chon la tw 4 dén 9
epoch. Can lwu y rang, tai cac tram IGS co
téc do thu la 30s/epoch va cac tram con lai
la 15s/epoch. Ro rang sé epoch co thé tang
khi téc d6 thu cang cao (trwong hop may
thu théng thwong). Tuy nhién, cang nhiéu
epoch tham gia xap xi da thuc thi chwa han
la tot, vi sy thay déi cua tang dién ly khong
mang tinh quy luat. Diéu nay cung giai thich
ly do tai sao chung tdi chon sé epoch gioi
han nhw o bang 3.

Cung theo bang trén, cac chi sb théng ké
cua GPS thwong t6t hon GLONASS nhuwng
khéng thwc sy vuot trdi. Khi dung da thiee
bac 1, gia tri RMS I6n nhét I3 0.031 chu ky
cho GPS va 0.037 cho GLONASS. Db truot
nho nhéat trén L, xp xi 0.143 chu ky cho
GLONASS va 0.133 chu ky cho GPS. Néu
dd tin cay dwoc chon la 4 lan sai sé trung
phwong thi:

GPS: 4 x0.031 = 0.124 < 0.133 (chu ky)

GLONASS: 4 x 0.037 = 0.138 < 0.143 (chu
ky)

Nhw vay co thé két luan rang dung da
thirc bac nhét véi sbé epoch trung binh 1a 6
c6 thé phat hién dwoc cac do trwot nhd nhat
trén L, v&i dd tin cady cao cho ca GPS va
GLONASS.

4. Két luan

Qua mot s6 két qua nhan duoc tw viéc
khao sat thuat toan Blewitt trong phat hién
trwot chu ky pha GLONASS va GPS bang
cach sv dung ddng thoi hai t6 hop tuyén
tinh nhw o trén, chung t6i co mot sd két luan
sau:

- D6i voi t6 hop dién ly nén chon da thuc
bac nhat dé xap xi va s6 epoch tham gia tinh
toan nén tw 4 dén 9 epoch la du. Trwong
hop d lieu dwoc thu o téc dd cao thi s6
epoch co thé tang lén nhwng khéng nén
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Bang 4: Két qua khao sat L, tai tram LUY1 khi dung da thirc bac 1

Vé tinh GPS| Sé epoch TB |[RMS (L1 cycle)[Vé tinh GLN| Sé epoch TB | RMS (L1 cycle)
G02 4 0.03 RO1 5 0.03
G03 6 0.02 R02 6 0.03
G04 4 0.03 R03 7 0.03
G05 3 0.04 R04 7 0.03
G06 6 0.02 R05 7 0.04
GO7 5 0.02 RO7 6 0.02
G08 4 0.04 R08 4 0.03
G09 5 0.02 R10 5 0.04
G10 4 0.02 R11 5 0.04
G11 6 0.02 R13 6 0.02
G12 5 0.03 R14 6 0.03
G13 7 0.03 R15 7 0.03
G14 6 0.03 R17 7 0.03
G15 5 0.02 R18 7 0.03
G16 6 0.02 R19 7 0.03
G17 6 0.03 R20 7 0.04
G18 4 0.03 R21 7 0.04
G19 6 0.02 R22 7 0.03
G20 7 0.03 R23 5 0.03
G21 4 0.02 R24 7 0.03
G22 6 0.02
G23 6 0.02
G24 6 0.03
G26 5 0.02
G27 5 0.03
G28 7 0.03
G29 5 0.03
G30 5 0.03
G31 6 0.03
G32 7 0.03
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Hinh 3: T6 hop dién ly (trén) va dé Iéch (duwoi) khi dung da thirc bac 1 véi 6 epoch

Bang 5: Théng ké két qua khao sat trén L,

GPS

GLONASS

- Ty s6 RMS

Tram do | Chi tiéu 520 1 Bac 2 Bac 3 Bac 1 Bac 2 Bac 3 Glonass/Gps
1 YONS S?Rel\ﬁg()h 0.022 o.o;g o.ogg 0.022 o.o;g o.o;? 12
2 | WUHN S?RT\;JECh 0029 0028 0039 003 003 oo '3
3 Prac | *one™ | ooz  ooce 0027 0029 0027 0029 '
4 DARW S?Riﬁgd] 0030 0030 0033 0029 ood ooz °7
5 NTUS S?R?\%Ch 0.015 0.012 o.ofg 0.012 o.olg o.oﬂ 0
6 URUM S?R?\ﬁgw oot 0013 oot oo1d ood  oox| 4
7 LAz |50 | 002d 0024 o0oon 0024 0024 o000
s CHI1_ | SGepoch 7 14 24 7 T3 220 4o

RMS 0.025] 0028 0031 0031 0035  0.039
9 PLO1 S?REI}\EIJgCh 0.02?1 o.ogg o.ogg 0.03? o.o;g o.ogg 13
10 CSN1 S?RenﬁgCh 0.02; o.o;g o.ogg 0.038 o.ogi 0.0?71 12
11 LUY1 S?Ri;)gCh 0.022 o.o;; o.o;g 0083 o.ol:) 0.04112 12
12 GDO6 S?Rel\ﬁgm 0029 o005y 0037 o027 o003 ooz °F
13 611 | *re o.osﬁ5 o.o;g 0.02513 0.038 o.o%g o.o;g "0
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vuot qua 20 epoch (téc dd thu la 1s). Ngoal
ra, chung ta can quan tam nhiéu hon n&a
trong nhirng treong hop co sy bién déi bat
thwong cua tang dién ly. Khi do cac da thuc
bac cao hon (vi du bac 2) co thé duwgc xem
xet dén.

- T6 hop Wlde—lane bi tac déng boi do
nhiéu tri do ma va hién twong da ducyng nén
chi co thé dam bao db tin cay cho kha nang
phat hién cac dd trwot nho nhat tw +2 chu ky
tro 1&8n cho GPS va 3 chu ky tro' 1én cho
GLONASS. Ngoai ra, chung téi dé xuat nén
xem xet dén trong sé tinh theo goc cao vé
tinh dé cai thién hiéu qua cua t6 hop
Wide—lane trong viéc phat hién va swa chtra
trwot chu ky.

- Két qua cho thay, phan lon GPS déu
cho gia tri RMS t6t hon GLONASS, nhung
khéng thuc sy vuwot troi. Riéng trwong hop
cac may thu Leica thi cho két qua gan nhw
nhau.

Nghién clru nay dwoc tai tro bédi Dai hoc
Quéc gia Thanh phd H6 Chi Minh (VNU-
HCM) trong dé tai ma s6 B2012-20-33.Q
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Estimation of Blewitt’s algorithm in detection of cycle slip on GPS and GLONASS

carrier phase measurements

Assoc. Pro. Dr. Nguyen Ngoc Lau, Hochiminh City University of Technology

Eng. Nguyen Van Tuan, Hochiminh City University of Natural Resources and Environment

We estimated the capability of Blewitt’s algorithm in detection of cycle slip on GLONASS
and GPS carrier phase measurements, for integrating the two systems. The result shows
that using the first order polynomial with 6 data points can detect the smallest slips on L4
combinations for both GPS and GLONASS. However, due to noise of pseudo-range, the
detection of slip on Wide-lane combinations is possible with slips larger than +2 cycles for
GPS and %3 cycles for GLONASS.O
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