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MOT SO PHUONG PHAP NOI SUY
TRI PO GNSS VA UNG DUNG

NGUYEN GIA TRONG", NGUYEN VAN CUONG®
OTrwong Pai hoc M6 - Dja chét
@Trung tdm Tréc dia Ban dé Bién

Tém tit:

Tén suét thu tin hiéu ctua céc tram thu tin hiéu thuong xuyén (CORS) théng thuong
duwoc cai dat 1a 30 gidy, dé cé thé str dung sé liéu do cta céc tram nay dé xéc dinh toa dé
cla cac diém theo hinh thirc mang tham chiéu RTK véi tan suét thu tin hiéu tai cac tram
déng thuong la nhé hon can phai thuc hién bai toéan noi suy tri do. Bai bao gioi thiéu két
qua ndi suy tri do str dung mot sé ham khéc nhau dé néi suy (tdng day) tri do GNSS phuc
vu viéc xtr ly s6 liéu do GNSS theo mang tham chiéu RTK.

1. M6t sé thuat toan ndi suy

clia cac vé tinh trén quy dao theo thoi gian déng vai tro la sé liéu gbc. Dé tinh toa do

vé tinh, c6 thé st dung lich quang ba dbi véi nhixng yéu ciu cé dé chinh xac thong
thwdng va lich chinh xac v&i nhirng yéu cau dd chinh xac cao hodc x ly canh dai. Cac
tham sb quy dao veé tinh trong tép lich quéng ba dwoc cho véi gidn cach 2 gio 1 1an, toa
dod vé tinh cho trong tép lich chinh xac dwoc cho véi gian cach 15 phat 1 lan trong khi dé
tan suét thu tin hiéu cia may thu nhé hon nhiéu 1an (c6 thé 1a 1 giay, 2 giay, 5 giay, 15
giay...). Nhw vay, dé co duoc toa do vé tinh vao thdi diém co tri do, bat budc phai ndi suy
theo phuwong phap nao do.

Bén chét cla dinh vi vé tinh 13 gidi bai toan giao hdi canh khong gian trong dé toa do

Dé& noi suy toa do vé tinh, cé thé sir dung ham Lagrange. Ban chéat ctia ham néi suy nay
c6 thé dwoc tom tat nhw sau:

Néu co6 day toa do vé tinh vao cac thoi diémti (i=0, 1, ..., n), ching ta da nhan duoc
cac gia tri twong (rng cda ham la f(ti), khi do ta tinh dworc:
_ (t_to)(t_tl)"'(t_tj-l)(t_tjﬂ)"'(t-tn)
pj(t)_ (1)
(tj'to)(tj'tl)---(tj'tj-l)(tj'tj+1)---(tj'tn)

Ham ndi suy gia tri twong &ng voi thoi diém t sé la:
f=_f(t,)P;(t) )
=0

Cong thire (1) va (2) chinh la cong thirc noi suy theo hém, Lagrange. Trong dé, cong thirc
(1) chinh la cong thtre tinh trong s6 cho thoi diem dung dé noi suy t;.

Khi mang lwéi cac tram thu tin hiéu thworng xuyén (CORS) ra d&i véi mat do da day, cod
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thé st dung sb liéu do clia cac tram nay dé xac dinh toa d6 diém véi do chinh xac c& cm
theo mét vai phwong phap khac nhau trong dé cé cach thire dinh vi theo mang tham chiéu
RTK. Théng thwdng, tan suét thu tin hiéu cla cac tram CORS Ia 30 giay trong khi tAn suét
thu tin hiéu tai cac tram dong la nhé hon (théng thwdng 1a 1 gidy). Dé co thé xi ly sb liéu
chung gilra cac tram tham chiéu CORS va cac tram dong, can phai thwe hién bai toan noi
suy tri do ma phwong phap noi suy Lagrange la mét trong nhivng dé xuét cla cac tac gia
dung dé ndi suy tri do.

Trong trwdng hop tri do khdng chiu &nh hwdng cta nhiéu SA hoac khéng co hién twong
trwot chu ky, co thé dé xuat phwong phap ndi suy da thirc dé& ndi suy cho tri do. Thuat toan
cta phwong phap néi suy nay dwoc biéu dién nhw sau: phwong trinh cla tri do pha theo
ham da thirc c6 thé dwoc viét & dang:

® =a,+a,t+a,t* +...+a, t" (3)

Nhw vay, dé ndi suy duwoc tri do, can phai tim duwoc k hé sé a; (i=1+k) twong (ng. Mubn
vay ta phai cé tap hop n tri do (n > k). Khi cé n tri do, cé thé viét hé phwong trinh sb hiéu
chinh & dang nhw sau:

o |1 t ¢t tf || a
@, |1 t, & t5 | a,

(4)
O, |1t ¢ t* || a,

Sau kh| giai hé phu’cng trinh (4) theo nguyén Iy sb binh phwong quen thudc, c6 dwoc
cac hé sb a4, a,, ...., a,. Thay nguoc lai cac hé sb d6 vao phwong trinh (3) sé thu duoc

cac tri do m&i sau ndi suy la @,
@ =a,+a,t,+a,t’+...+a, t" (5)
So sanh tri do ban dau v&i tri do sau ndi suy, thu dwoc gia tri d6 léch clha cac tri do:
oD (a,a, by Fa,tl e, th ) (6)

T gia tri do léch trén, tién hanh noi suy do 1&ch tri do cho tri do dwoc ndi suy theo cong
thire sau:

obs — obs

SCD; = (ti _tobs(i-l))(ScDobs(iﬂ) - Sq)obs(i-l))/(tobs(iﬂ)_tobs(i-l)) (7)
Cubi cung thu duorc tri do can ndi suy theo cdng thirc:
O, = O +3D!=(a,+a,t,+a,t’+....+a,t) + 5D (8)

2. Tinh toan thwc nghiém
2.1. Gi6i thiéu vé sé liéu thwec nghiém

S0 liéu duing dé tinh toan trong bai bao dwoc do bang may Hiper_Gb vao ngay 17 thang
9 nam 2010 tai khai trrdng mé Coc Sau thudc thanh pho Ca&m Pha, tinh Quang Ninh co
doan dau & dinh dang RINEX nhu sau:

2.10 OBSERVATION DATA G (GPS) RINEX VERSION / TYPE
Topcon Link 7.1 17-SEP-10 21:48 PGM / RUN BY / DATE
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build July 25, 2002 (c) Topcon Positioning Systems COMMENT
A MARKER NAME
MARKER NUMBER
A -Unknown- OBSERVER / AGENCY
8RXB8VUS4JK -Unknown- -Unknown- REC #/ TYPE / VERS
TPSHIPER_GB -Unknown- ANT #/ TYPE
-1773915.9813 5685403.4405 2275170.0664 APPROX POSITION XYZ
1.5358 0.0000 0.0000 ANTENNA: DELTA H/E/N
1 1 WAVELENGTH FACT L1/2

2010 9 17 0 53 0.0000000 GPS TIME OF FIRST OBS
2010 9 17 5 24 55.0000000 GPS TIME OF LAST OBS

5.000 INTERVAL

15 LEAP SECONDS

17 # OF SATELLITES

7 C1 P1 P2 L1 L2 D1 D2 #/ TYPES OF OBSERV
G 1 1666 1637 1637 1666 1637 1666 1637 PRN / # OF OBS
G 3 3264 3264 3264 3264 3264 3264 3264 PRN / # OF OBS
G 6 2793 2784 2784 2793 2784 2793 2784 PRN / # OF OBS
G7 1770 1766 1766 1770 1766 1770 1766 PRN / # OF OBS
G8 728 706 706 728 706 728 706 PRN / # OF OBS
G11 1748 1748 1748 1748 1748 1748 1748 PRN / # OF OBS
G13 2826 2812 2812 2826 2812 2826 2812 PRN / # OF OBS
G14 665 665 665 665 665 665 665 PRN / # OF OBS
G16 2790 2746 2746 2790 2746 2790 2746 PRN / # OF OBS
G17 414 414 414 414 414 414 414 PRN / # OF OBS
G19 3264 3264 3264 3264 3264 3264 3264 PRN / # OF OBS
G20 1953 1953 1953 1953 1953 1953 1953 PRN / # OF OBS
G23 3264 3264 3264 3264 3264 3264 3264 PRN / # OF OBS
G24 2642 2642 2642 2642 2642 2642 2642 PRN / # OF OBS
G28 337 245 245 337 245 337 245 PRN / # OF OBS
G31 1999 1998 1998 1999 1998 1999 1998 PRN / # OF OBS
G32 1712 1712 1712 1712 1712 1712 1712 PRN / # OF OBS
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SE TPS 00000000 COMMENT
END OF HEADER
10 917 053 0.0000000 0 10G 1G 3G 6G14G16G19G20G23G31G32
20763109.573 20763109.0214 20763110.8874 109110871.813 8 85021466.51946
-37.558 -29.256
21988894.931 21988894.6064 21988899.2264 115552424.965 7 90040857.45945
5091.053 3967.057
21231062.748 21231062.0714 21231067.5554 111569995.481 7 86937663.85445
4134.609 3221.759
22885632.785 22885632.0714 22885637.3724 120264812.138 6 93712842.65344
-985.213 -767.687
20287298.851 20287298.3504 20287301.3854 106610471.611 8 83073104.02246
896.786 698.801

24778573.491 24778571.2374 24778578.6074 130212278.426 6
101464121.69443

5251.495 4092.047

22536256.946 22536256.2914 22536261.0364 118428828.7707 92282215.33144
1196.307 932.194

23232902.500 23232901.6584 23232907.0744 122089722.496 7 95134864.35345
5152.870 4015.237

22424675.796 22424675.7774 22424678.6794 117842472.793 7 91825309.71545
1031.266 803.593

21990158.620 21990157.2014 21990163.1634 115559060.581 7 90046030.63545
695.017 541.561

S dung céc tri do C1 va L1 clia vé tinh sb 1 trong tép sb liéu néi trén, tién hanh ndi suy
tri do. D& c6 thé kiém chirng két qua ndi suy, tién hanh ndi suy vao thei diém cé tri do trong
tép tri do néi trén. Tri do dung dé kiém ching sé& khdng dwa vao dé tinh cac tham sb. S6
liéu dung dé ndi suy cho trong bang 1: (Xem bang 1)

Céc thoi diém co tri do dung dé kiém tra la: 0h53m25s, 0h53m30s va 0h53m35s voi
sb liéu nhw sau: (Xem bang 2)

2.2. Két qua néi suy tri do str dung ham lagrange

S dung ham Lagrange bac 7 dé néi suy, két qua tri do noi suy cho trong bang sau:
(Xem bang 3)
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Bang 1: Tap hop sé liéu dung dé noi suy

STT (Ehdir;j'iér;‘) Th“’(is‘;iém c1 (m) L1 (chu ky)
1 0 53 00 0 20763109,573 109110871,813
2 0 53 05 5 20763143,556 109111050,172
3 0 53 10 10 20763173,798 109111208,108
4 0 53 15 15 20763200,098 109111346,540
5 0 53 20 20 20763222,730 109111465,333
6 0 53 25 25 20763241,351 109111564,333
7 0 53 30 30 20763256,679 109111642,879
8 0 53 35 35 20763268,126 109111703,095
9 0 53 40 40 20763275,665 109111743,141
10 0 53 45 45 20763279,225 109111762,845
11 0 53 50 50 20763279,132 109111764,380
12 0 53 55 55 20763276,317 109111747,541
13 0 54 00 60 20763269,480 109111712,366
Béng 2: Sé liéu cua céc thoi diém dung dé kiém tra
STT (;h“”infiér;‘) Th“”(is";'iém C1 (m) L1 (chu ky)
0 53 25 25 20763241,351 109111564,333
0 53 30 30 20763256,679 109111642,879
0 53 35 35 20763268,126 109111703,095
Bang 3: Tri do ndi suy str dung ham Lagrange bac 7
STT (Ehc’infié”;) Th“’(is‘;"ém C1 (m) L1 (chu ky)
0 53 25 25 20763241.565 109111563.815
0 53 30 30 20763256.533 109111643.447
0 53 35 35 20763268.195 109111702.854
39
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T cac tri do ndi suy dugc trong béng 3, tinh gia tri do léch cla tri do ndi suy dwoc khi
néi suy str dung ham Lagrange bac 7, két qua cho trong bang 4.

Béng 4: D¢ léch cua céac tri do str dung ham Lagrange béc 7

STT (Eh“yin?iér;‘) Th“’(is‘;'iém §C1 (m) S L1 (chu ky)

1 0 53 25 25 0,214 0518
2 0 53 30 30 20,146 0,568
3 0 53 35 35 0,069 20,241

Vi cac gia tri do 1éch cho trong bang 4 ta thay: khi str dung ham Lagangre néi suy cho
tri do C1 v6&i 3 thoi diém dé kiém tra thi gia tri do léch cla tri do chi la 0,214m; gia tri do
léch cho tri do L1 chi la 0,568 chu ky.

2.3. Két qua néi suy tri do str dung ham da thirc

Trong phan thyc nghiém nay chi st dung 8 thoi diém co tri do dé noi suy cho 3 thoi
diém kiém tra nhw da dung & treong hop trén. Sir dung ham da thirc ni suy tri do voi s6
bac la 5, két qua ndi suy cho trong cac bang sau:

Bang 5: Gia tri d6 léch cua céc tri do duoc st dung dé noi suy

STT (Eh“yin?iérg) Th“’(is‘;iém §C1 (m) SL1 (chu ky)
1 0 53 05 5 0,000 -0,010
2 0 53 10 10 -0,005 -0,008
3 0 53 15 15 -0,004 0,019
4 0 53 20 20 0,002 -0,052
5 0 53 40 40 -0,023 0,138
6 0 53 45 45 0,036 0,212
7 0 53 50 50 -0,026 0,167
8 0 53 55 55 0,004 -0,001
Bang 6: Gia tri néi suy cia céc tri do vao thoi diém dung dé kiém tra
STT (Eh“yimdié';‘) Th“’(isiém dcym)| cim) | &Ly (chuky) | L1 (chuky)
0 53 25| 25 -0,006 [20763241,707| 0,048 109111564,628
0 53 30| 30 -0,013 [20763256,941 0,095 109111644,046
0 53 35| 35 -0,019 [20763268,286] 0,143 109111703,547
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Bang 7: Gia tri d6 léch gitra tri do nguyén thiy véi tri do ndi suy duoc tai cac thoi diém

kiém tra
Thoi diém Thoi diém .
STT h m s) (s) 0C1 (m) O L1 (chu ky)
0 53 25 25 -0,356 -0,295
0 53 30 30 -0,262 -1,167
0 53 35 35 -0,160 -0,452

Nhin vao bang trén ta thay, khi st dung 8 tap hop tri do dé& noi suy tri do theo ham da
thirc, gia tri d6 léch cha tri do C1 la 0,356m; gia tri d6 léch cla tri do L1 ndi suy dwoc la
1,167 chu ky. Tl két qua tinh toan st dung hai phwong phap 1a ham Lagrange bac 7 va
ham da thirc thi gia tri cta tri do C1 ndi suy duwoc la twong dwong nhau. Khi st¢r dung ham
néi suy da thirc ndi suy tri do L1 thi d6 Iéch cla tri do ndi suy dwoc I&n hon khi st dung
ham Lagrange.

3. Két luan

Qua két qua tinh toan thuc nghiém, cé mét sb nhan xét nhu sau:

+ Can tién hanh noi suy theo ca hai phwong phap la st dung ham Lagrange va ham da
thirc v&i nhiéu tap hop tri do hon niva va bang sé liéu do ctia nhiéu loai may thu khac nhau.

+ Két qua nodi suy vai day sb liéu thir nghiém cho két qua ndi suy tri do kha tét thé hién
& gia tri do léch cta céc tri do noi suy dwoc & cac thdi diém khac nhau.

+ Can tién hanh noi suy dé tao ra cac tép tri do hoan chinh, st dung cac tép tri do do
x@ ly bang phdn mém x& ly sé liéu GNSS sau d6 so sanh két qua x& ly voi tép sb liéu
nguyén ban dé rut ra nhan xét vé hiéu qua cua viéc ndi suy va kha nang rng dung trong
thuc t6.0O
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Summary

Some of interpolation GNSS observations methods and application
Nguyen Gia Trong

University of Mining and Geology

Nguyen Van Cuong

Center For Sea Survey and Mapping

The frequency of the base station receiver signal frequently (CORS) is normally set at
30 seconds, can be used to measure the data of these stations to determine the coordi-
nates of the points in the form of network RTK reference, the frequency of the signal
obtained at the mobile station is usually small, need to perform interpolation measurement
problem. This paper presents measurement results interpolated using a number of differ-
ent functions to interpolate (increased thickness) GNSS measurements, for processing the
data measured GNSS with RTK reference networks.OQ
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Summary

Determination of maximum degree of spherical harmonic coefficients for height
anomaly calculation in Vietnam

MSc. Nguyen Tuan Anh
Vietnam Institute of Geodesy and Cartography

This scientific article analyses the development of spherical harmonic coefficient mod-
els from different data sources and calculates the height anomaly in Vietnam by changing
the maximum degree of spherical harmonic coefficients. The result shows that by not using
detail gravity data, spherical harmonic coefficient models are only effective for spherical
harmonic expansion to degree 180.0O
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