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PINH VI PIEM CHINH XAC TiCH HQP TRI PO
GPS VA GLONASS

PGS. TS. NGUYEN NGOC LAU
Trwrong Pai hoc Bach khoa TP. Hé Chi Minh

Tém tat:

Pé nang cao do chinh xac dinh vi diém, chung t6i da nghién ctru phuong phap xi ly tich
hop GPS va GLONASS sao cho c6 thé khac phuc sai sb giita hai hé théng va sw khac
nhau vé sai sé tri do. Khi &p dung phuong phéap xt ly nay cho 17 diém IGS, do chinh xéac
hwéng Béng va dé cao cai thién so véi GPS khoang 11% va 23%. Vi ca do 60 phat, do
chinh xéac dinh vi cé thé dat duoc 2 cm mét bang va dé cao. Két qua xw ly cla ching toi
t6t hon phan mém khéc khodng 1.5 Ian & thanh phdn mét bang va 1.3-2.0 Ian & thanh phén
dob cao.

1. Giéi thiéu

D& nang cao do6 chinh xac dinh vi diém don (Precise Point Positioning-PPP), mét trong
nhirtng bién phap hiéu qua nhéat la x& ly tich hop tri do tir cac hé thdng vé tinh dinh vi
(Global Navigation Satellite Systems - GNSS) khac nhau hién nay nhw GPS va GLONASS.
Khi tich hop, sé lwgng vé tinh quan sat dwoc nang lén dang ké lam gia tang sb tri do thira,
dan dén cai thién do chinh xac.

Viéc tich hop doi héi gidi quyét hang loat van dé lién quan sw khac nhau gitra cac GNSS
nhu hé toa do va thdi gian, ban lich vé tinh, do chinh xac tri do, cac nguén sai s6 hé théng,
v... Trong nghién clru trwéec day [5], chung téi da chi ra rang dung ban lich vé tinh cla té
chirc IGS [3] c6 thé gidi quyét van dé vé hé thdng toa do va thoi gian. Chi con lai van dé
quan trong nhéat can gidi quyét 1a sai sb tri do va sai sd hé thdng gitra cac GNSS (Inter-
System Bias — ISB).

Trong bai bdo nay chung t6i sé trinh bay phwong phap khac phuc sai sb gitra cac hé
thdng (ISB) & muc 2. Khao sat va chon Iwa mé hinh sai sb cho tri do pha va ma ctia GPS
va GLONASS & muc 3. Chung t6i cling chirng minh kha nang cai thién do chinh xac khi
tich hop GPS+GLONASS & muc 4.

2. Phwong phap khac phuc ISB trong xtr ly tich hop GPS va GLONASS

Tuong tw nhu GPS, phuong trinh tri do pha GLONASS trén 2 tan s6 tir may thu i dén
vé tinh k & thoi diém t co thé biéu dién bang cac phwong trinh sau [1, 2]

Lf,l(t):'?’fﬁl(t):ptk(t)+c[dtl(t)_di(t)]_]fffl(t)+7;k(t)+'/{fNi,fl +/If[¢:,1(tu)_¢1k(to)]”f]fl(t) M
Lf,z(t):ﬂg("}fz(t):P,k(t)“[dtf(f)'di(t)]'Ir’fz(t +’12N ”"z[?’;z ¢1k(to)]+efk,z(t) @
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Trong do:

pf(t) la khodng cach hinh hoc ttr may thu i dén vé tinh k & thoi diém t

£F va 2F 1a tn sb va budc song song tai L, cia vé tinh k

dt,(t) va dT*(¢) 1a sai s6 ddng hd may thu i va vé tinh k & thoi didm t
1},(1) 1a do tré dién ly trén tan s6 Ly & thoi diém t

T¥(t) 1a do tré dbi lvu & thoi diém t

N}, 1a tham sb da trj trén tn sb L, & thoi diém t
é,.(t,) va ¢ (¢,) 1a pha ban d&u clia may thu i va vé tinh k

&l (r) bao gdbm sai sé do da dwong va dd nhidu do dac trén tan sb L, & thoi diém t

Dé khtr di anh hwéng cla tang dién ly cé6 mét trong cac phwong trinh, ngudi ta thuwdng
str dung tri do ket hop L; cé dang sau:

Lf,s (t) = all’il ([)_ asz,z (t) =pf ({)"' c{dtf (I)— dr* (I)J+ iy (t)'l' bf']; * e:‘k,s (t) (3)

k k
Trong d6: « =Jf#L va « =iL
D7) B A N
Cac vé tinh GLONASS thdéa méan diéu kién f_{ = 7 [3]. Do do6 dé dang chirng minh
- 9
1 1

a, =—— = 2.53125 va o, =——— =1.5313 khong phu thudc vao vé tinh
1-49/81 81/49 -1

va bfs = ‘ZIA:Nil _az‘j*;Niz +a|’1ﬂ¢f.1(fu)_¢|k (tﬂ)J_a22’§l¢L2(rﬂ)_¢; (to)J la sai s6 hé théng
khong phu thuéc théi gian.
Dé xir ly két hop voi GPS, theo [5], chung ta can thém sai sb ISB vao phwong trinh (3)
L) =L ()L, ()= pf )+ clat () ar* O+ 7 () + B, + cISB)+ el () (aa)
Twong ty chang ta cling cé phwong trinh cho tri do gia cw ly
PA(0)= Py 1) - (0)= ! (0)+ ldt (0)-ar* ()} + T () + cIBU)+2e) o)
Céc phuwong trinh (4) van con chiva dwng cac sai sb dong hd va sai sb ISB. Pé khi

chung di nguéi ta thwdng thanh l1ap cac phwong trinh & dang hiéu don gilra cac vé tinh
GLONASS k va | nhuv sau:

()= pl*(e)-cdr® (e)+ T () + b + € (¢) (5a)
kil _ _ ki ki —kl
P4(0)= p! (t)-cdr*()+ 1" (c)+ &5 (¢) 5b)

Cac phuong trinh (5) da loai bé hoan toan sai s dong ho ‘may thu va ISB, chi con lai
hiéu sai s6 dong ho vé tinh, dd tré déi lwu va cac ngudn sai sd hé théng khac.
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Véi viéc xtr ly két‘ hop GPS va GLONASS trén co s& str dung cac phwong trinh (5),
chung ta c6 hai so do két hop sau:

- Xt ly riéng biét GPS va GLONASS réi sau d6 két hop nghiém véi nhau.

GPS1 GPS2 GPS3 GPS54 GLN1 GLN2 GLIN3 GLIMN4

I
]
- ey, ey, <=y, | Wy W) Uy Nn
: {_n _{j 11 1,:
[ J i L J
1 I | |
G, Y. Za) :

(30, Y2, Z2)

& Y. 2)
Hinh 1: Két hop nghiém xt ly riéng & hai hé thdng

Vi x ly riéng nén phwong phap nay c¢é wu diém la khéng can quan tam dén sy khac
nhau vé do chinh xac gitra tri do GPS va GLONASS. Chwong trinh xt ly tri do GPS ¢6 thé
chuyén dbi sang x&r ly GLONASS chi véi vai sy thay ddi nhd. Nhuwoc diém cla phwong
phap la khi sb lwgng vé tinh clia trng hé thdng nhé hon 4 thi khéng thé cho nghiém tuwong
&ng.

- Xt ly cung ldc céac tri do GPS-GPS va GLONASS-GLONASS

gPsS1  GPs2 FPE3 P54 GL1  GLM2  GLHE  GLM4
- o <y <O By Yy By Nup
Ya Ja Ia Ja
gL 0, g, o~
I I
| | | |
| | | |

Hinh 2: Xt ly chung tri do GPS-GPS va GLONASS-GLONASS
Chi can sb vé tinh cia mot hé thdng & 3, hé thdng kia & 2 thi cach thérc nay van cho
nghiém. Tuy nhién vi x(r ly déng thoi cac tri do hiéu GPS-GPS va GLONASS-GLONASS,
nén can phai gidi quyét van dé khac biét vé dd chinh xac gitra hai loai tri do. Viéc ap trinh
cling twong dbi phirc tap do phai thanh 1ap hiéu trong tirng hé thdng. Ngoai ra néu hé théng
nao do6 chi cé mot vé tinh, thi tri do twong ng cling phai béd qua mét cach lang phi.

Néu vé tinh k 1a GPS, vé tinh | 1a GLONASS, thi phuong trinh (4) s& c6 dang

LY, (t)=pF (t) - cdT*(t)+ T"(t) + b — cISB(t) + e} (t) (6a)
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PA(1)=p! (t)-cdT? (t)+ T (t)-c.1SB(r)+e" (¢) (6b)

Khi xt ly két hop GPS va GLONASS trén co s& str dung cac phwong trinh (6), ching
ta co so’ dO két hop sau:

GPS1 GPS2 GPS3 GPS4 GLN1 GLN2 GLN3 GLN4
- e wn O By Wy Wy W»
Ta Ta lh I

L

Hinh 3: Xt ly dong thoi trj do GPS-GPS va GPS-GLONASS

Day la cach két hop cho sb lwong tri do nhiéu nhét, khai thac dwoc tri do khi chi c6 mét
vé tinh trong hé théng. V&i mét chwong trinh x& ly PPP dung tri do GPS da co6 thi viéc mé
rong dé x& ly hdn hop GPS+GLONASS theo md hinh trén sé& khéng qua phirc tap. Méat
khac vi tri do GPS chinh xac hon GLONASS, nén tri do hiéu GPS-GLONASS sé chinh xac
hon GLONASS-GLONASS, cho phép chung ta cai thién d6é chinh xac dinh vi.

Trong nghién cuu nay, chung toi sé chon phwong an trén dé xo ly tich hop GPS va
GLONASS. Sal s6 ISB duwoc xem 13 4n sb bd sung, duwgc khao sat cling véi cac an sb toa
dd. Vi tham sb nay bién dong theo thdi gian [7], chung tdi xt ly né theo bwdc ngau nhién
(random walk) v&i tAn suét cap nhat 15 phat/1 lan.

3. Xay dwng mé hinh sai sé cho cac tri do GPS va GLONASS

Dé khao sat mé hinh sai sé cac tri do, ching tdi dung di¥ liéu ctia 17 tram do IGS vao
ngay 26-04-2012. May thu tai cac tram do nay déu thu duoc tin hiéu GPS va GLONASS.
Toa dd cta chung dwoc cho trong hé ITRF2008 véi dd chinh xac vai mm. D& cho két qua
twong déi khach quan, ching téi c6 gang chon nhiéu loai may thu khac nhau (xem bang
1). D liéu do cua cac tram nay & dang RINEX, dwoc stra chiva trivgt chu ky pha theo thuat
toan Blewitt [6]. (Xem bang 1)

Két qua khao sat cho thay sai sb tri do pha L va tri do ma P5 clia GPS dwoc xap xi bang
cbng thirc:

e _00046[0 14— ] S =0.3203[0.1+ 1 ] (7)
sing smmé&

Sai sb tri do pha L; va tri do ma P; cia GLONASS dwoc xap xi bang cong thirc:
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Béang 1: Toa d6 ITRF2008 clia mét sé tram do IGS ngay 26-04-2012

STT Trdaom X Y Z Receiver/antenna
1 ALIC |-4052052.437514212836.0313]-2545105.0041 LEICA
) ) ) GRX1200GGPRO/LEIAR25.R3
2 | AUCK [-5105681.3473 | 461564.0137 |-3782181.2441| TRIMBLE NETR9/TRM55971.00
3 | BAKO |-1836969.3060 |6065617.0150( -716257.8760 LEICA
) ) ) GRX1200GGPRO/LEIAT504GG
4 | CAS1 | -901776.1423 |2409383.2805(-5816748.4848 LEICA
’ ) ' GRX1200GGPRO/AOAD/M_T
5 | CEDU [-3753472.874013912741.0142|-3347960.0829| TRIMBLE NETR8/AOAD/M_T
6 [DARW |-4091359.3326 |4684606.5294|-1408579.5750 LEICA
) ) ) GRX1200GGPRO/ASH700936D M
7 | DAV1 | 486854.5704 |2285099.2198(-5914955.6939 LEICA
’ ) ' GRX1200GGPRO/LEIAR25.R3
8 | GUUG |-5070465.2010|3576460.2796| 1472093.8149| TRIMBLE NETR5/TRM55971.00
9 | HOB2 |-3950071.9619 |2522415.3118|-4311637.7284 LEICA
' ' ' GRX1200GGPRO/AOAD/M_T
10 | LHAZ | -106941.7816 |5549269.8267( 3139215.1117 TPS E_GGD/ASH701941.B
11 | MAC1 | -1508023.014 | 6195576.603 | 148799.362 |LEICA GRX1200+GNSS/AOAD/M_T|
12 | NTUS |-1508023.0140 [6195576.6030| 148799.3620 LEICA
' ) ' GRX1200GGPRO/LEIAT504GG
13 | TIXI |-1264873.3403(1569455.7703|6031003.4087 JPS EGGDT/TPSCR3_GGD
14 | TOW2 |-5054583.1672 |3275504.2328(-2091538.8891 LEICA
' ) ' GRX1200GGPRO/LEIAR25.R3
15 |URUM| 193030.4017 [4606851.3022(4393311.5127 TPS NETG3/TPSCR3_GGD
16 |WUHN [-2267749.6575[5009154.2355(3221290.6291( TRIMBLE NETR8/TRM59800.00
LEICA
17 | XMIS |-1696344.4400 |6039590.0150(-1149275.5050

GRX1200GGPRO/ASH1945C_M
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GIN _ GPS va : 5 (8)
Upha_w - k] 'o-pha.w O':;g = kl O'::;:
Trong dé __GLH , _BDE 4 oA L GLW ;3PS
k= GPMEIGPIM =12 k=05 Coge =30

Diéu nay chi ra rang tri do pha GPS chinh xac hon GLONASS 1.2 14n. Nhuwng tri do ma
GLONASS lai kém chinh xac hon GPS dén 3.5 lan.

4. Két qua thir nghiém va phan tich
Chung t6i ap dung phuong phap xt ly tich hop da trinh bay & muc 2 va mé hinh sai s
céac tri do & muc 3 dé viét ra phan mém dinh vi diém chinh xac PPPC. D& xem xét mirc do
cai thién khi tich hop GPS va GLONASS, chung t6i dung PPPC x{ ly toa dd cta 17 diém
IGS & bang 1, rdi so sanh v&i toa do chinh xac cta né. Bbi véi méi diém, chung téi chia
di¥ liéu 24h thanh cac phan doan 0.5h, 1, 2, 3, 4, 6, 12, 24h va x(& ly riéng biét theo 3
phwong an:
- Chi dung tri do GPS
- Chi dung tri do GLONASS
- Dung tri do GPS va GLONASS

Két qua so sanh dwoc trinh bay & hinh 4 cho thay dé chinh xac dinh vi luén tdng theo
chiéu dai cha ca do. Cung mot ca do, GLONASS cho két qua kém hon GPS va
GPS+GLONASS. Sv cai thién cia GPS+GLONASS so v&i GPS rd nét nhat 1a & thanh
phan huéng Bong (~11%) va do cao (~23%). Trong khi & thanh phan hwdng Bac, GPS lai
cho két qua tét hon chut it so véi GPS+GLONASS. (Xem hinh 4)

Dé danh gia dd chinh xac ctiia PPPC, ching t6i so sanh két qué x& ly 24h véi mot sé
céac dich vu dinh vi diém chinh xac cé x ly tich hop GPS va GLONASS, bao goém:

- Phdn mém magicGNSS phat trién bdi GMV tai trang web http://magicgnss.gmv.com/

- Phan mém CSRS-PPP duwoc phat trién béi Cuc Do dac thudc Bo Tai nguyén Canada
tai trang web http://www.geod.nrcan.gc.cal/index_e.php

Do léch toa dd gitra két qua xtr ly tr ba phan mém so véi toa d6 chinh xac ctia 17 diém
IGS dwoc tém tét & bang 2. Theo d6 d6 chinh xac dinh vi ctia CSRS-PPP va magicGNSS
twong dwong nhau véi 11mm & thanh phan mat bang va 12-19mm & thanh phan dé cao.
Twe 1a d6 chinh xac dd cao kém hon mat bang tir 1.5 dén 2 Ian. PPPC cho d6 chinh xac
mat bang 7 mm va dd cao 9.4mm, tbt hon cac phan mém kia 1.5 l14n & mat bang va 1.3-
2.0 lan & thanh phan d6 cao. (Xem béang 2)
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RMZ of GPS (red), GLM (hlugland GPS+GLMN (green)

Marth (mm

East (mm)

Up(mm)

Seszsion (hours)

Hinh 4: D6 chinh xac dinh vi theo chiéu dai ca do

5. Két luan

Chung t6i da trinh bay phwong phap x ly tich hop tri do GPS va GLONASS dé khac
phuc sai s6 hé théng ISB va sw khac nhau vé sai sb tri do. Dung phdn mém PPPC do
chuing t6i viét ra dé xt ly div liéu do cta 17 tram IGS. Két qua x(r ly cho théy:

D6 chinh xac khi xt Iy tri do GPS va GLONASS tét hon GPS chli yéu & thanh phan
hwédng Dong va dd cao véi mirc dd cai thién trung binh 1a 11% va 23%. V&i ca do 60 phut,
d6 chinh xac dinh vi c6 thé dat dwoc 2 cm mat bang 1an do cao.

PPPC cho d6 chinh xac tét hon cac phan mém CSRS-PPP va magicGNSS khoang 1.5
lan & thanh phan mé&t bang va 1.3-2.0 14n & thanh phan d6 cao.

Nghién clru nay dwoc tai tro bédi Pai hoc Quéc gia Thanh phd H6 Chi Minh (VNU-HCM)
trong dé tai ma sé B2012-20-33.0Q
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Bang 2: So sénh két qua dinh vi cia PPPC va céc phdn mém khéac

STT Tram do North (mm) East (mm) Up (mm) Phan mém

-2.7 +4.1 +3.6 CSRS-PPP

ALIC -1.3 +13.2 -20.9 magicGNSS
+3.2 +7.2 -5.9 PPPC

-11.3 -0.6 +18.1 CSRS-PPP

AUCK =71 +10.4 -16.0 magicGNSS
-1.2 -0.5 -0.2 PPPC

-4.1 -18.7 +34.7 CSRS-PPP

BAKO +5.6 -6.4 +2.7 magicGNSS
+0.5 -7.6 -3.0 PPPC

+0.1 -6.7 +13.4 CSRS-PPP

CASI -3.6 -1.9 +20.0 magicGNSS
+3.4 -3.9 -2.0 PPPC

-3.6 -0.4 +9.6 CSRS-PPP

CEDU -4.7 +0.2 -5.6 magicGNSS
+2.8 +0.7 +2.0 PPPC

-11.8 -3.4 +29.1 CSRS-PPP

DARW -13.4 +7.8 -5.8 magicGNSS
-0.8 +4.0 -3.1 PPPC

-5.7 -4.6 +29.0 CSRS-PPP

DAVI -1.4 -7.0 +15.5 magicGNSS
-3.2 -5.3 +1.6 PPPC

-8.3 +9.3 -3.7 CSRS-PPP

GUUG -2.1 +18.0 -14.7 magicGNSS
-2.8 +11.2 -23.1 PPPC

-8.8 -2.9 +7.6 CSRS-PPP

HOB2 -10.2 +0.3 -1.9 magicGNSS
-2.7 +0.9 -16.8 PPPC

+8.5 -4.6 +3.9 CSRS-PPP

LHAZ -1.8 -0.4 +1.7 magicGNSS
-2.0 -0.1 +6.5 PPPC

-6.4 -9.7 +31.8 CSRS-PPP

MAC1 -14.4 -4.9 +6.9 magicGNSS
-1.9 -8.2 +6.2 PPPC

+13.7 +12.2 +13.6 CSRS-PPP

NTUS +8.0 +7.3 -19.5 magicGNSS
+10.5 +9.3 +3.3 PPPC

+6.4 -4.3 +19.3 CSRS-PPP

TIXI +9.6 -6.3 -0.3 magicGNSS
+1.5 -7.1 -10.2 PPPC

+2.2 +0.3 +0.0 CSRS-PPP

TOW2 +5.8 +9.4 -18.7 magicGNSS
+9.9 +1.3 -16.4 PPPC

+2.1 +2.0 +12.7 CSRS-PPP

URUM +2.8 +7.1 -0.5 magicGNSS
-5.2 +1.9 -3.4 PPPC

-1.0 +2.1 -10.3 CSRS-PPP

WUHN +1.9 +5.7 -8.2 magicGNSS
+2.5 +2.1 -8.6 PPPC

-3.5 -10.9 +25.0 CSRS-PPP

XMIS +4.7 -6.7 +2.4 magicGNSS
+7.8 -1.3 +8.4 PPPC

8.1 7.5 18.9 CSRS-PPP

RMS 7.2 8.0 121 magicGNSS
4.7 5.5 9.4 PPPC
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Summary

POINT PRECISE POSITIONING USING GPS AND GLONASS MEASUREMENTS
Assoc. Prof. Dr. Nguyen Ngoc Lau

Hochiminh City University of Technology

To improve accuracy of precise point positioning, we research a method for processing
mixed GPS and GLONASS measurements. This method is able to overcome inter-system
biases and measurement errors. Processing 17 ISG stations, the results show that North
and Up accuracies are improved about 11% and 23% compared with GPS only. For 60 min-
utes session, the positional accuracy can be 2cm in the horizontal and the vertical compo-
nent. Our results are better than other software packages about 1.5 times in the horizontal
and 1.3-2.0 times in the vertical component.O

Ngay nhan bai: 10/12/2012.
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