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Dinh vi tuyét doi la mdt trong hai nguyén ly dinh vi co bdn trong dinh vi vé
tinh. D€ gidi bai todn dinh vi tuyét déi cdn tinh toa do vé tinh vao thoi diém
¢6 tri do va hiéu chinh dnh hwéng ctia cdc nguon sai s6 doéi vdi tri do. DEi véi
bai todn dinh vi tuyét doi thong thwong (SPP), toa do vé tinh dwoc tinh tir
lich vé tinh qudng bd. Trong lich vé tinh qudng bd, thong tin vé quy dao ctia
vé tinh bao gém chi s6 “sirc khde” ctia vé tinh; khi tinh toa do vé tinh cdn lwu
¥y dén chi s6 nay. Bai bdo khdo sdt hiéu quda gidi bai todn SPP khi tinh toa do
Vvé tinh c6 lwu y dén chi s6 “sirc khée” cuia vé tinh va viéc str dung toa do ctia
diém dinh vi trong hiéu chinh dnh hwdng ctia tdng déi lwu déi vai tri do. Két
qud cho thdy, khi str dung toa do diém chinh xdc va phwong phdp tinh toa do

vé tinh phtt hop cé thé ndng cao dé chinh xdc ctia gidi bai todn SPP.

© 2017 Trwong Pai hoc M6 - Dia chat. T4t ca cac quyén dwoc bao dam.

1. M¢é dau

Tin hiéu cta cac hé thong vé tinh dinh vi va
dan dwong toan ciu (GNSS), bao gdm 4 hé théng
vé tinh dinh vi v din dwong toan cau (GPS,
GLONASS, GALILEO, COMPASS) va mot s6 hé
thong vé tinh khu vuc (QZSS, IRNSS ...) dang c6
trng dung rat rong rai khong chi trong tric dia -
ban do6 va con rit nhiéu linh vuc khac. Cac tng
dung trong tric dia chi chiém mot phan nhé trong
khi cic img dung vé din dwong cling nhw tng
dung trong cac thiét bi thong minh chiém 90%
téng s6 rng dung ctia dinh vi vé tinh. Déi véi muc
tiéu dinh vi dan dwong chu yéu str dung bai toan
dinh vi tuyét d6i. Nhw vay, nang cao do chinh xac
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gidi bai toan dinh vi tuyét doi 1a mot nhu cau cin
thiét phai dit ra. C6 rat nhiéu giai gép phan ning
cao do chinh xac cda giai bai toan dinh vi tuyét déi
nhw st dung lich vé tinh chinh xac, st dung cac tri
do pha, tri do t6 hgp tuyén tinh, str dung phwong
phép tinh s6 hiéu chinh anh hwéng ctia cac nguén
sai s6 d6i véi tri do theo cach khac nhau...
(Subirana et al., 2013; Xu Guchang, 2007). Bai bao
tap trung nghién cru nang cao do chinh xac giai
bai toan dinh vi tuyét déi thong thwong (SPP) theo
hai hudng:

- C6 xét dén chi s0 “strc khde” vé tinh khi gidi
bai toan dinh vi.

- St dung toa do diém dit may chinh xac dé
nang cao do chinh xac xac dinh sé hiéu chinh do
anh hwdng cla ting d6i lwu gép phan nang cao do
chinh xac giai bai toan dinh vi.

DE thwc hién cac ndi dung néu trén, cac tac gia
da tim hiéu, nghién ctu cac ndi dung nhw sau:
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- Pinh dang dir liéu RINEX.

- Thuat toan giai bai toan dinh vi tuyét déi va
gidi phap nang cao d6 chinh xac giai bai toan dinh
vi tuyét doi thong thuong.

- Xay duwng chwong trinh tinh toan thuc
nghiém bang ngdn ngit 14p trinh Visual Studio véi
giao dién tiéng Viét than thién.

- P4 so sanh két qua tinh toan cua cac tac gia
v&i két qua tinh todn str dung phan mém Bernese
5.0.

bé xuit dau tién cho dinh dang dir liéu doc lap
véi mdy thu (Receiver Independent Exchange
format - RINEX) dwogc phat trién béi Vién Thién
van, Pai hoc Bern (Thuy S§) nam 1989. Muc tiéu
ra doi cia dinh dang dit liéu RINEX la phuc vu xt¥
ly s6 liéu dwoc do bédi may thu GNSS cda cac hiang
ché tao may thu khac nhau. Trén thuec t€, néu biét
dwoc ciu tric dir liéu & dang RINEX, c6 thuét toan
gidi cac bai toan dinh vi ¢ thé xy dung chwong
trinh xt ly s6 liéu doc 1ap. C6 nhiéu phadn mém x
1y s6 liéu d6 chinh xac cao chi nhan dit liéu & dinh
dang dir liéu RINEX nhw BERNESE, GAMIT/Globk
dwoc st dung phd bién trén thé giGi. D€ thuwc hién
cac nghién ctru vé dinh vi vé tinh ndi chung, tac gia
cling lwa chon giai phap st dung dinh dang dir liéu
RINEX dé giai cac bai todn c6 lién quan.

Cho dén nay, c6 nhiéu phién ban dinh dang dir
liéu RINEX dwoc dé xuat nhu:

- Phién ban 2.0 c¢6 thém ciu truc dit liéu cho
hé théng Glonass, SBAS.

- Phién ban 2.10 dwa thém gian cach tin hiéu
va chi s6 cudong d6 tin hiéu (Signal Strength).

Lich vé tinh

- Phién ban 2.11 c6 thém 2 ki tw biéu dién tri
do khoang cach gia theo ma L2C.

- Phién ban 3.01 c6 thay d6i 4p dung véi tri do
pha phuc thudc vao mé hinh theo déi hodc kénh
theo déi khac nhau.

- Phién ban 3.02 c6 thém dinh nghia vé dir liéu
d6i véi hé thong vé tinh COMPASS (Trung Quoc)
va QZSS (Nhat Ban).

- Phién ban 3.03 c6 thém dinh nghia dir liéu
dsi véi hé théng vé tinh IRNSS (An Do)
(Internatinal GNSS Service services special
committee, 2015).

2. Bai toan dinh vi tuyét d6i va mdt s6 yéu to
anh hwéng dén do chinh xac giai bai toan dinh
vi tuyét doi

Bai toan dinh vi tuyét doi da dwoc gidi thiéu
trong nhiéu tai liéu khac nhau (Pang Nam Chinh,
D6 Ngoc Pudng, 2012; Nguyén Duy Do, Nguyén
Gia Trong, 2007; Subirana et al, 2013; Xu
Guchang, 2007) nén & day chi trinh bay so d6 tong
quat khi giai bai todn dinh vi tuyét déi nhw trong
Hinh 1.

Gidn cach déi véi lich vé tinh quang ba la 2
gio, trong khi gian cach tri do nhé hon rit nhiéu
(vidu 1 gidy, 2 giay ... 30 giay) (Pang Nam Chinh,
D6 Ngoc Pwong, 2012; Pang Nam Chinh, Nguyén
Gia Trong, 2006; Internatinal GNSS Service
services special committee, 2015).

Tép thong tin tri do

Thoi diém

A

(Thoi diém, tri do)

A

Toa dd vé tinh theo binh vi tuyét doi
thoi gian gan ding
A
Tinh cac s6 hiéu
: chinh cho tri do
Pinh vi tuyét doi

A 4

Tri do sau hiéu chinh

Hinh 1: Sor do gidi bai todn dinh vi tuyét d6i
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Do d6, dé co toa do vé tinh giai bai toan dinh vi
nhw & Hinh 2 can tinh toa d6 vé tinh (ndi suy toa
dé6 vé tinh). Nhw vay, cin khéo sat anh hwdng ciua
viéc tinh toa d6 vé tinh doi véi do chinh xac giai bai
toan dinh vi.

O dinh dang dit liéu RINEX, tip hop théng tin
miéu ta quy dao ciia mot vé tinh (GPS, GALILEO,
COMPASS) bat ky dwoc biéu dién trén 8 dong.
Trong dé, thanh phan SV Health dung dé chi tinh
trang hoat dong ctia vé tinh la thanh phan thi 2 cia
dong 7. Chi s6 SV Health ctia vé tinh la 0 biéu thi
tinh trang hoat dong cda vé tinh la 6n dinh. Khi chi
sO trén la 1 hodc > 32 c6 nghia tinh trang hoat dong
cua vé tinh khéng 6én dinh (Internatinal GNSS
Service services special committee, 2015). Khi giai
bai toan dinh vi, c6 thé 1dy yéu té nay lam 1 trong
cac tiéu chi dé quyét dinh xem c6 st dung tin hiéu
(tri do) ctia vé tinh twong (rng dé giai bai toan dinh
vi hay khong.

Tri do gitra vé tinh v&i may thu chiu anh
hwdng clia cic ngudn sai sé khac nhau nhw sai s6
do anh hwéng ctia ting dién ly, sai s6 do anh hwong
cda tang ddi lwu, anh hwdng cia hién twong da
dwong dan ... Do dé, trude khi dwa tri do vao giai
bai toan dinh vi can tinh hiéu chinh anh hwéng cta
cac ngudn sai s6 doi vai tri do. DE tinh dnh hudng
ctiia mot s6 ngudn sai s6 ddi véi tri do nhw sai s6 do
anh hwéng ctia ting doi lwy, s6 hiéu chinh do vén
téc khoang cach, s6 hiéu chinh do thuy triéu, dia
triéu... cn c6 s tham gia cta cac thanh phan toa
dd diém. Viéc xac dinh chinh xac toa do6 diém cé tac
dung ning cao do tin ciy cda viéc tinh cac so6 hiéu
chinh can phai dwoc xem xét.

3. Tinh toan thwc nghiém
3.1. Gidi thiéu vé sé liéu thwc nghiém

S6 liéu dung dé tinh thuwc nghiém trong bai bao
nay 1a sé litu dwoc do bang may GB-1000 12 loai
may thu 2 tin s0, thu tin hiéu cia 2 hé thong vé tinh
1a GPS va GLONASS ngay 25 thang 7 nam 2009 tai
Ha Néi. S6 liéu sau khi do dworc chuyén doi vé dinh
dang dir liéu RINEX véi 1 phian cda tép thong tin tri
do dwoc cho nhw Bang 1.

DE co s liéu so sanh tin cly, st dung toa do
clia diém duwgc xtr 1y bang phdn mém BERNESE
(v&i viéc str dung s6 liéu cia cac tram IGS gin Viét
Nam) nhw Bang 2 (Nguyén Gia Trong, 2009).

3.2. Két qud tinh todn thwc nghiém

Duwa trén thuat toan da c6, tac gia da xay dung
chwong trinh xtt ly s6 liéu thwc nghiém dwoc véi
giao dién nhw Bang 1.

Trong phén nay, tic gia da tién hanh tinh toan
s0 liéu thwe nghiém theo mot s6 phwong an nhw
sau:

- Str dung gia tri khac nhau cta toa do diém
dung trong tinh hiéu chinh anh hwéng cia cac
nguon sai s6 doi vai tri do theo 2 phwong an:

+ Phwong &n 1: Str dung toa do cho trong phan
header ctia tép thong tin tri do.

+ Phwong 4n 2: Str dung toa do tinh dwoc bang
dinh vi tuyét d6i gan dung.

- Str dung s6 lwong vé tinh khac nhau dwa trén
thong tin vé tinh trang hoat déng cua vé tinh va
thoi gian tham chiéu quy dao cta vé tinh.

Khi tinh toa d0 vé tinh trong ca hai phwong an
tinh toan déu 14y tiéu chuin tri tuyét doi hiéu cia
thoi diém cin xac dinh toa d6 vé tinh va thoi diém
tham chiéu nho hon hodc bang 1 gior (goi tatla gian
cach thoi gian tinh toan) nhwng trong phwong an 2
khong tinh tga d¢ cho vé tinh 1 va 9 véi ly do nhw
sau:

+ V@ tinh s6 1 c6 chi s6 SV Health bang 1 c6
nghia tinh trang hoat dong cda vé tinh khéng 6n
dinh. Xem xét toa d6 vé tinh sd 1 trong lich vé tinh
chinh x4c dwoc cung cip bdi IGS cd thé thay, vé tinh
s0 1 c6 sai s6 dong h6 12 999999,999999 (us) tic la
khong thé wéc lwgng dugc sai s6 dong ho cla vé
tinh s6 1. Nhw vy, viéc khong st dung vé tinh s6 1
trong giai bai toan dinh vi hoan toan c6 co s6.

+ Vé tinh s0 9 c6 1 thoi diém tham chiéu cta
ngay hom truéc va 1 thoi diém tham chiéu khong
thdéa man tiéu chudn vé gidn cach thoi gian tinh
todn nhw yéu cau.

DE khao sat &nh hwdng ctia toa do diém déi vai
viéc hiéu chinh &nh hwdng cta sai s6 déi véi tri do
GNSS, tién hanh khao sat déi vdi viée tinh s6 hiéu
chinh do dnh hwéng ctia ting ddi lwu theo md hinh
Saastamoinen d6i véi tri do (s6 hiéu chinh sai s6
doéng ho6 vé tinh, s6 hiéu chinh do dnh huwdng cua
tang dién ly khéng chiu anh hwéng khi lay gia tri toa
do ctia diém mat dit khac nhau). Két qua cho trong
Bang 3. Trong Bang 3, phwong 4n 1 tinh s6 hiéu
chinh st dung toa do xac dinh toa d6 diém dinh vi
gan dang cho moi thoi diém trong khi phwong 4n 2
str dung toa do cho trong phan header cia tép thong
tin tri do. C6 thé thdy rang, s6 hiéu chinh thay déi c&
gan 3dm cho thoi diém dang xét khi stv dung gia tri
toa do diém mat dat khac nhau dé tinh.
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Bdng 1. S6'liéu sau khi do dworc chuyén déi vé dinh dang dir liéu RINEX véi 1 phdn cuia tép théng tin tri do

2.10 OBSERVATION DATA G (GPS) RINEX VERSION / TYPE
Topcon Link 26-JUL-09 09:04 PGM / RUN BY / DATE
build July 25, 2002 (c) Topcon Positioning Systems COMMENT
T.NOO1 MARKER NAME
-Unknown- MARKER NUMBER
-Unknown- -Unknown- OBSERVER / AGENCY
AES0S2BWDMO JPS E_GGD 2.3 Apr,28,2004 p4 REC # / TYPE / VERS
-Unknown- TPSPG_A1 ANT # / TYPE
-1611205.7990 5731021.6950 2281407.7269 APPROX POSITION XYZ
1.6050  0.0000  0.0000 ANTENNA: DELTA H/E/N
1 1 WAVELENGTH FACT L1/2
2009 7 25 00 00 0.0000000 GPS TIME OF FIRST OBS
2009 7 25 11 41 0.0000000 GPS TIME OF LAST OBS

30.000 INTERVAL
15 LEAP SECONDS
27 # OF SATELLITES

7 C1 P1 P2 L1 L2 D1 D2 # / TYPES OF OBSERV

G1 109 107 108 109 108 109 108 PRN / # OF OBS

G3 635 635 635 635 635 635 635 PRN / # OF OBS

G6 614 614 614 614 614 614 614 PRN / # OF OBS

G30 464 464 464 464 464 464 464 PRN / # OF OBS

G31 884 884 884 884 884 884 884 PRN / # OF OBS

G32 546 545 545 546 545 546 545 PRN / # OF OBS

SE TPS aca4b9fa COMMENT

END OF HEADER

09 725 0 0 0.0000000 011 1 9121418212224262730

23423993.486 23423993.5834 23423998.1764 123093920.584 6 95917349.74144
2447.563 1907.187

21685144.259 21685144.2374 21685148.6624 113956203.905 7 88797047.84945
-2838.845 -2212.091

23214217.870 23214217.7164 23214221.8944 121991537.638 7 95058355.59844
1330.393 1036.662

22431730.605 22431729.6944 22431735.0734 117879554.326 7 91854201.58444
584.691 455.587

20843719.427 20843718.8174 20843721.5174 109534489.305 7 85351557.64845
838.967 653.736

21077363.027 21077362.5744 21077366.5194 110762281.528 7 86308275.64245
-2526.066  -1968.369

21866907.578 21866907.7204 21866909.2714 114911394.162 7 89541347.02045
2072.249 1614.733

24002859.768 24002859.4844 24002866.1744 126135869.388 6 98287695.24043
-3493.990 -2722.586

21198709.425 21198709.2664 21198713.3194 111399984.543 7 86805186.16545
-1386.914 -1080.720

24273326.903 24273326.0774 24273331.3614 127557187.812 6 99395227.81543
-3220.173  -2509.237

23241584.694 23241584.3384 23241589.5234 122135356.193 6 95170413.50843
2539.372 1978.733
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Tén didm Thanh phan toa do
X (m) Y (m) Z (m)
-1611206,0777 5731022,2975 2281407,9258
Ha Néi B ) Le' ) H (m)
21 5 48,974975 | 105 42 9,618317 -10,1855
& Xit Iy 6 liéu GNSS .-
Quanly Nhipsdlitu Kiémtratrido Dinhvituyét ddi  Xilycanh  Binhsailudgi  TEC-DCB  Théngtin
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Bdng 2. Cdc thanh phan toa dé diém duoc xdc dinh bdng phdn mém BERNESE

Hinh 2. Giao dién chinh ctia chwong trinh xit ly s6 liéu thuc nghiém

Bdng 3. Két qud tinh sé hiéu chinh do dnh hwéng ctia tdng d6i lwu déi véi tri do

PRN Phwong an 1 (m) Phwong an 2 (m) Po 1éch (m)

1 6,065 - -

9 3,950 - -

12 5,559 5,379 0,180
14 4,018 3,888 0,130
18 2,742 2,653 0,089
21 3,211 3,107 0,104
22 3,491 3,378 0,113
24 8,303 8,034 0,269
26 3,408 3,298 0,110
27 6,911 6,688 0,223
30 5,519 5,341 0,178

Bdng 4. Do léch toa d6 diém dinh vi theo tirng thoi diém

TT Thi didm Ki hiéu b0 léch cac thanh phan toa do (m)
PA1 PA2
dn -0,568 -1,186
de -1,409 -1,667
1| OhOm00s dp 1,519 2,046
du -1,470 -1,614
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dn 0,589 -0,133
de 1,402 0,414
2 Oh Om 30s 1521 0,435
du 2,208 2,056
dn -0,955 -1,126
de 1,333 1,075
3 Oh 1m 00s 1640 1557
du 6,861 5,232

Sau khi tinh toa d6 vé tinh, tinh hiéu chinh dnh
hwéng ctia cAc ngudn sai s tién hanh giai bai toan
dinh vi tuyét déi SPP dong thoi xac dinh gia tri do
1éch cac thanh phan toa do cho tirng thoi diém. Két
qua dé 1éch toa do cta cac diém cho trong Bang 4.

Trong Bang 4:

-dp = Vdn*+de® 1ado 1éch toa do mit bing.

- Phwong an 1: ng véi tredng hop st dung
tri do cda tit ca cac vé tinh ma may thu thu dwoc
tin hiéu, str dung toa do gan ding & moi thoi diém
dé hiéu chinh sai s6 do anh hwéng cia ting doi
lru.

- Phwong an 2: Khong st dung tri do cda vé
tinh 1 va 9; str dung toa d6 gan ding ctia diém cho
& phan header cua tép théng tin tri do.

Ngoai théng ké gia tri do léch toa d6, & day
ciing thong ké phan tram gia tri do 1éch toa d6 mat
bang. Két qua théng ké cho thay chi 67,5% s6 thoi
diém cta phwong 4n 1 c6 do l1éch toa dd mit bang
nho hon 3m trong khi & phwong an 2 1a 100%.

4. Két luan va Kkién nghi

Qua két qua tinh todn thyc nghiém cia bai
bio c6 thé rut ra mot s6 két ludn vé giai phap nang
cao do chinh xac giai bai toan SPP nhw sau:

- Khi gidi cac bai toan dinh vi vé tinh, cin chu
y dén tham s6 “strc khoe” cia vé tinh.

- Nén st dung tip hop tham s6 quy dao véi
gian cach thoi gian gitra thoi diém tham chiéu cia
tp hop véi thoi gian cn tinh toa do vé tinh nho
hon hodc bang 1 gio.

- Viéc str dung toa do gan ding cia diém dinh
vi c6 thé 1am sai 1éch vai dm d6i véi s6 hiéu chinh
do anh hwdng cta ting dai luu.

- Can tiép tuc nghién ctru nang cao do chinh
xac giai bai toan dinh vi tuyét ddi bang cach st
dung tri do pha séng tai, ddc biét la giai bai toan
dinh vi tuyét doi chinh xac (PPP).

5.L&i cam on

Téac gia bai bao xin gwi 101 cdm on tdi dé tai
cap co s& T16-23 da cung cap kinh phi, so liéu
phuc vu viét bai bdo nay.
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ABSTRACT

Some solutions for improving the accuracy of standard point
positioning (SPP) problem

Trong Gia Nguyen

Faculty of Geomatics and Land Administration, University of Mining and Geology, Vietham

Standard point positioning is one of the basic positioning principle in satellite positioning. In order
to solve the absolute positioning problem, we need to calculate the satellite’s coordinate at the epoch
which has observation and adjust some error sources to it. With the standard point positioning, satellite’s
coordinate was computed by broadcast ephemeris. In this ephemeris, SV Health index is one of the
component should be addressed when calculating the satellite’s coordinate. This paper examined the
efficiency of solving the absolute positioning problem in case of using SV Health index and point’s
coordinate to compute troposphere’s correction. The result shows that using the exact point position and
the suitable method in computing satellite’s coordinate can improve the accuracy of solving the SPP
problem.



