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XAC PINH CAC MO HINH SAI SO CHO TRI PO
GPS VA GLONASS

PGS. TS. NGUYEN NGOC LAU‘”, ThS. NGUYEN THI THANH HUONG®
" Trwdong Pai hoc Bach khoa TPHCM
@Vién Khoa hoc Po dac va Ban dé

Tém tat:

Pé xtr ly hén hop céc tri do GPS va GLONASS, ching t6i da chon mé hinh sai s6 phu
thudc vao géc cao vé tinh va khado sét cac hé sé cia né tai 17 tram do IGS. Két qua cho
thdy mé hinh trén phu hop véi tri do GNSS. Tri do pha GPS chinh xac hon GLONASS 1.2
Ian, trong khi tri do m& GLONASS lai kém chinh xac hon GPS dén 3.5 Ién.

1. Gi&i thiéu

ot trong nhirtng van dé quan trong
Mdé xt ly hén hop céac tri do GPS va

GLONASS Ia can phai khao sat dé
tim ra trong sé thich hop cla cac tri do nay.
Mb hinh nay déu hét strc can thiéu cho viéc
x@ ly tuyét dbi Ian twong dbi. Néu khong co
dwoc mé hinh phu hop thi két qua xt Iy hén
hop tri do GPS va GLONASS sé bi sai lIéch
dang k&, tham chi con kém hon so v&i khi
x@ ly riéng biét tirng hé théng. St dung mo
hinh sai s6 khéng phu hop con lam gidm
tinh hiéu qua cda cac bd loc tri do xau
thwong dwa trén tinh chat thong ké.

Trwdng hop don gian nhat nguoi ta
thwong gia st do chinh xac cia tri do GPS
va GLONASS 1a nhw nhau. Khi dé trong sb
cua tri do hiéu GPS-GPS, GLONASS-GLO-
NASS va GPS-GLONASS déu nhw nhau.
Tuy nhién thuc té cho thay tri do GLONASS
cod dd chinh xac kém hon, néu dung mé
hinh nay sé cho két qua dinh vi tham chi
kém chinh xac hon khi chi dung tri do GPS.

Trong xt ly c6 st dung ca hai loai tri do
pha va ma. C4c tri do nay khac nhau vé do
chinh x&c nén ciing can phai khao sat riéng
biét. Trong bai bao nay chuang téi sé trinh
bay cac mé hinh sai sb théng dung cho tri
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do GNSS va tng dung né dé xay dung
trong soO cho ca hai loai tri do pha va ma.
2. Cac mé hinh sai sé thwéng dung
Theo tai liéu [1,4,6,7], ngudi ta thwdng
st dung mé hinh sai sé cta tri do GNSS
phu thudc goc cao vé tinh nhw sau

o= O'o(ao +a1-f(8))

hay o =o;(a; +ai f7(¢)) (1)

Trong d6 a, va a4 la cac hang sb; € 1a goc
cao vé tinh; con f la ham anh xa. Ham anh
xa thwong dwge st dung nhieu nhat la ham
sine c6 dang sau

fle)=

bat k = ag/a;, ta co

oc=0,a| k+ !
- sing (3)

M6t sb tai lidu [2, 4, 7] da khao sat méi
quan hé gita a, va a; va cho thay
k = 0= 0.2. Sy thay dbi cla k trong gi&i han
nay coé tac dong khong dang ké dén do
chinh xac dinh vi [8].

Trong nghién pu’u nay, chung téi sé ap
dung ham (3). Néu gia st G, =1 va chon

()

sing
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k ~ 0.1, ta can tim gia tri cGa a, cho ting tri
do pha va ma, va cho tirng hé théng vé tinh.

Dé thuc hién diéu nay, ching toi khdo sat
cac budc sau:

Bwdc 1: Dung riéng tri do GPS L; dé
khao sat a cho tri do pha cua GPS

Buwéc 2: Dung riéng tri do GPS P; dé
khao sat a; cho tri do méa cua GPS.

Bwéc 3: Dung riéng tri do GLONASS L,
dé khao sat a, cho tri do pha cia GLO-
NASS.

Bwéc 4: Dung riéng tri do GLONASS P,
dé khao séat a, cho tri do ma ciia GLONASS.

Trong méi bwéc, chang téi khao sat a,
bang so d6 sau & hinh 1

Thant 13p P

Wik Iy tri Jo GNSES

.

PV

H-r

a] = a;xo

Hinh 1: So' db khéo sét hé sb a,

Co thé tom tat so dd & hinh 1 nhw sau:
bat dau vai gia tri gan dung cla a4, ta thanh
lap ma tran trong sb P cho tat ca cac tri do.
Dung P dé& xr ly cac tri do GNSS theo
phwong phap sb binh phwong nhd nhat. Két
qua ta nhan dwoc vector phan dw cla tri do

V. Dung V va P ta tinh dwoc sai sb trung
phwong don vi trong s6 € . Néu € = 1 thi
xuét ra két qua a4, ngwoc lai tinh lai a; moi
va lap lai qua trinh.

Trong qué trinh x& ly tri do GNSS, dé
giam anh hudng cla cac nguon sai so hé
thong dén muce thap nhat, chang téi dung:

a. Théng tin chinh xac vé toa d6 may thu
va vé tinh

b. S hiéu chinh déng hé chinh xac cua
may thu va vé tinh.

c. Dung tri do Ly va P; dé loai bd anh
hwéng cua tang dién ly.

d. Dung md hinh Saastamoinen [9] dé
tinh anh hwdng khong khi khé trong tang
doi lwu.

Do d6 chi con lai anh hudng nhé cia
khéng khi wét (5-30cm) can khao sat trong
mo hinh.

3. Gi¢i thiéu tap dir liéu dung trong
khao sat

Dé khao sat hé sb a, trong mé hinh (3),
chung téi dung dir liéu cua 17 tram do IGS
vao ngay 26-04-2012. May thu tai cac tram
do nay déu thu dworc tin hiéu GPS va GLO-
NASS. Toa d6 cua chang duwgc cho trong
hé ITRF2008 v&i d6 chinh xac vai mm. Dé
cho két qua twong ddi khach quan, ching
t6i cd gang chon nhiéu loai may thu khac
nhau (xem bang 1).

4. Két qua va phan tich

DPé kiém tra anh hwdng cia hé sb k,
chung t6i tinh toan hé sé a, trong hai trwong
hop khi k = 0.01 va khi k = 0.1. Két qua cho
& bang 2 va 3. (xem bang 2, 3)

Két qua & bang 2 cho thay sw bién déng
clia hé sb a, tai cac tram do dbi voi tri do
pha & mirc vai mm (GPS la 0.0039--0.0066

m va GLONASS la 0.0037-+0.0088 m). Con
tri do ma & mrc dm, xap xi v&i v&i sai s
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Bang 1: Cac tram do IGS dung trong khao sat

Station X Y Z Receiver/antenna
ALIC -4052052.4375 | 4212836.0313 | -2545105.0041 LEICA
: : : GRX 1200GGPRO/LEIAR25R3
AUCK | -5105681.3473 | 461564.0137 | -3782181.2441 | TRIMBLE NETR9/TRM55971.00
BAKO | -1836969.3060 | 6065617.0150 | -716257.8760 LEICA
: : : GRX 1200GGPRO/LEIAT504GG
CASI 9017761423 | 2409383.2805 | -5816748.4848 LEICA
: : : GRX 1200GGPRO/AOAD/M_ T
CEDU | -3753472.8740 | 3912741.0142 | -3347960.0829 | TRIMBLE NETR8/AOAD/M_T
DARW 4091359.3326 | 4684606.5294 | -1408579.5750 LEICA
- : : - : GRX 1200GGPRO/ASH700936D_M
DAVI 486854.5704 | 22850992198 | -5914955.6939 LEICA
: : : GRX 1200GGPRO/LEIAR25.R3
GUUG | -50704652010 | 35764602796 | 1472093.8149 | TRIMBLE NETR5/TRM55971.00
HOB2 | -3950071.9619 | 25224153118 | -4311637.7284 LEICA
: : : GRX 1200GGPRO/AOAD/M_ T
LHAZ 106941.7816 | 5549269.8267 | 3139215.1117 | TPS E_GGD/ASH701941.B
MAC1 1508023.014 | 6195576.603 | 148799.362 LEICA
: : : GRX 1200+GNSS/AOAD/M_T
NTUS | -1508023.0140 | 6195576.6030 | 148799.3620 LEICA
: : : GRX 1200GGPRO/LEIAT504GG
TIXI 1264873.3403 | 15694557703 | 6031003.4087 | JPS EGGDT/TPSCR3_GGD
TOw2 | -5054583.1672 | 32755042328 | -2091538.8891 LEICA
: : : GRX 1200GGPRO/LEIAR25.R3
URUM 1930304017 | 4606851.3022 | 43933115127 | TPS NETG3/TPSCR3_GGD
WUHN | -2267749.6575 | 50091542355 | 3221290.6291 | TRIMBLE NETR8/TRM59800.00
XMIS -1696344.4400 | 6039590.0150 | -1149275.5050 LEICA

GRX 1200GGPRO/ASH1945C_M
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Bang 2: Uéc luong hé sé a, tai cac tram do IGS (k = 0.01)

R Phase Code Ratio = Code/Phase

STT biém
GPS GLN GPS GLN GPS GLN
1 ALIC 0.0042 0.0053 0.3491 1.0602 83.6 201.5
2 AUCK 0.0066 0.0065 0.5707 1.1823 86.0 182.1
3 BAKO 0.0065 0.0064 0.2561 0.9840 39.2 153.3
4 CAS1 0.0039 0.0088 0.1904 1.1053 48.4 126.1
5 CEDU 0.0030 0.0053 0.4531 1.4673 151.9 275.1
6 DARW 0.0046 0.0041 0.2492 1.1586 53.6 282.3
7 DAV1 0.0049 0.0056 0.2274 1.1531 46.1 205.3
8 GUUG 0.0058 0.0065 0.5937 1.4085 102.4 216.6
9 HOB2 0.0042 0.0040 0.1689 1.1310 40.6 280.6
10 LHAZ 0.0044 0.0052 0.4172 1.2187 95.6 233.7
1 MAC1 0.0039 0.0037 0.1965 1.0961 50.8 298.3
12 NTUS 0.0044 0.0050 0.3286 1.0003 74.9 200.1
13 TIXI 0.0045 0.0052 0.3614 1.0696 80.5 204.8
14 TOW2 0.0048 0.0054 0.1873 0.9423 39.4 175.8
15 URUM 0.0050 0.0057 0.4213 1.5228 84.4 267.4
16 WUHN 0.0051 0.0059 0.4904 1.3041 95.3 220.9
17 XMIS 0.0050 0.0046 0.2459 1.1187 48.8 2447
TB 0.0048 0.0055 0.3359 1.1719 71.8 221.7

nhiéu cla cac tri do twong (rng. Diéu nay
cho thdy mé hinh (3) kha phu hop. Ciing
theo bang 2, sai sb tri do pha L, va tri do ma
P, clia GPS c6 thé x4p xi bang cong thic:

oS = 0.0048(0.01 + L]
sine

1
o =0.3359 0.0l+—j
code ( Sin£ (4)

Két qua & bang 3 cho thay sai s6 tri do
pha L3 va tri do ma P5 ctia GPS duwoc xap xi
bang cong thirc:

oS 0.0046(0.1 +,L]
Sin e

()

code .

O'GPS=O.32O3[O.1+ ! j
sing
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Bang 3: Uéc luong hé sé a, tai cac tram do IGS (k = 0.1)

. Phase Code Ratio = Code/Phase
STT biem

GPS GLN GPS GLN GPS GLN
1 ALIC 0.0040 0.0050 0.3319 1.0060 82.9 199.7
2 AUCK 0.0063 0.0063 0.5411 1.1132 86.2 177.4
3 BAKO 0.0062 0.0062 0.2436 0.9326 39.0 150.8
4 CAS1 0.0037 0.0083 0.1814 1.0521 48.4 126.9
5 CEDU 0.0029 0.0051 0.4312 1.3871 151.0 2731
6 DARW 0.0044 0.0039 0.2397 1.0959 54.2 279.9
7 DAV1 0.0048 0.0054 0.2162 1.0938 454 203.7
8 GUUG 0.0056 0.0063 0.5688 1.3390 101.5 213.9
9 HOB2 0.0040 0.0039 0.1614 1.0698 40.3 275.8
10 LHAZ 0.0042 0.0050 0.3979 1.1532 95.1 231.8
11 MACA1 0.0037 0.0035 0.1876 1.0398 50.1 269.9
12 NTUS 0.0042 0.0048 0.3143 0.9495 74.4 198.2
13 TIXI 0.0043 0.0050 0.3481 1.0133 81.1 202.7
14 TOW2 0.0046 0.0051 0.1791 0.8937 39.0 175.0
15 URUM 0.0047 0.0054 0.4034 1.4371 85.3 266.4
16 WUHN 0.0049 0.0056 0.4548 1.2351 94.7 218.9
17 XMIS 0.0048 0.0044 0.2344 1.0652 48.9 242.4
B 0.0046 0.0052 0.3203 1.1104 71.6 219.6

Do léch gitra hai md hinh rat bé khi chon
k =0.01 (4) va khi chon k = 0.1 (5). Bieu nay k, =0 oS = achoAc/ze /al(,;cljile = 35

khang dinh rang bién dong cla k it anh
hu’g’)’ng vao mo hinh sai §6, trong khi thanh
phan 1/sine mé&i la cha yéu.

Sai sb tri do pha L3 va tri do ma P5 cla
GLONASS duoc xap xi bang céng thirc:

GLN GPS

— > GLN GPS
o-phase - kl 'O-phase va O ode = k2 O Lode (6)
Trong do
___GIN GPS _ _GIN Grs
kl - O-phase /O-phase - al, hase /al,phase = 1.2

Diéu nay chi ra rang tri do pha GPS chinh
xac hon GLONASS 1.2 1an. Nhung tri do
ma GLONASS lai kém chinh xac hon GPS
dén 3.5 lan (xem hinh 2).

5. Thtr nghiém mo hinh

Bé ching minh tinh hiéu qua ctia mo
hinh sai s6 vira ny dwng, chang téi xtr ly lai
tap di liéu trén dé khao sat toa d6 clia cac
tram do theo 2 phwong an:
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Hinh 2: Sai s6 tri do pha (cta s6 trén: cham la GPS, tron la GLONASS) va trj do méa
(ctra s6 dwdi: cham la GPS, tron la GLONASS)

(i) Coi sai s6 cla tri do GPS va GLO-
NASS nhw nhau, dung céng thirc (5).

(i) Dung cbéng thirc (5) cho GPS va (6)
cho GLONASS.

Trong qua trinh Xt ly, chung t6i dung
phép kiém tra thong ké phan dw dé loai ra
nhirng tri do c6 dé Iéch I&n:

S4><\/Z (7)

Trong d6 v; va q; 1a phan dw va trong s6
dao phan dw twong (rng cua tri do i.

Vi

Toa dé tram do tir viéc x& ly theo 2
phuvong an duwgc so sanh véi gia tri chinh
xac clia no trong bang 4. (Xem bang 4)

Theo bang 4, phwong an (ii) cho két qua
chinh xac hon phwong an (i) mét cach nhe
nhang, gan nhw khéng dang ké. Tuy nhién
sb tri do bi loai & phwong an (i) gap 3 1an &
phwong an (ii). Piéu nay da ching minh
rang phwong an (ii) da st dung mé hinh sai
sb cla tri do tét hon.

6. Tom tat va két luan

Dé cé md hi‘nh sai s6 tri do GPS va tri do
GLONASS nham phqc vu cho viéc x ly
chung, chung téi da tién hanh:

a. Lwa chon md hinh sai sb dung ham
goc tinh
a:ao.al[k+;) chung cho GPS va

sine theo cao vé

sme

GLONASS.
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Bang 4: Do léch toa do tram do va s tri do bj loai
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Do léch toa d6 (mm)
DPiém Phwong an Sé tri do bi loai
North East Up
1 ALIC iii :‘2":3 :g:; 2212 76831
2 AUCK iii 02 o8 iy 13
3 BAKO iii e i e 196
4 CASH 111 Iy :;,:g 4 042
5 CEDU 111 IS;Z Iéjg :;; 19517
6 DARW iii b e 0 136
7 DAV : s 4 2 s
8 GUUG 111 :3:; IH :g :2;8 28052
9 HOB2 iii by :?Z? eg 06
o e | 1 | B | o2 | = | =
1 MACT iii e i 70 349
12 NTUS ! “oa "o v o4
13 TIXI iii ﬁ'_i :3:3 __192_'29 ?gg
14 TOW2 iii IS :?:1 s -
15 URUM iii :g:g :1 :S 231‘7‘ 75631
16 WUHN iii :g; :2; 2313 32186
17 XMIS iii o ] Yy 166
ssTP i 476 557 o | “ e
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b. Khdo sat mo hinh sai sb trén tai 17
tram do IGS.

Két qua cho thay hé sb k it anh hwéng
vao mé hinh sai sb, trong khi thanh phan
1/sine mé&i la cha yéu. Tri do pha GPS chinh
xac hon GLONASS 1.2 1an. Nhung tri do
m& GLONASS lai kém chinh xac hon GPS
dén 3.5 14n.0Q
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Determination of stochastic models for GPS and GLONASS measurements

Assoc. Prof. Dr. Nguyen Ngoc Lau - Hochiminh City University of Technology

MSc. Nguyen Thi Thanh Huong - Institute of Geodesy and Cartography

To process GPS and GLONASS measurements together, we choose the stochastic
model which depends on the satellite elevation angles. We estimate the model coefficients
at 17 I1GS stations. The results show that the chosen model is suitable for GNSS measure-
ments. The GPS carrier phase measurements have better accuracy than the GLONASS
carrier phase measurements about 1.2 times. Meanwhile, the GLONASS code measure-

ment error is 3.5 times lager than GPS.O
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