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PANH GIA PQ CHINH XAC CUA PINH VI PIEM DPON
SU DUNG SO HIEU CHINH THOI GIAN THUC CUA IGS
NGUYEN NGQC LAU®, PHAM CAN®

OTrwong PH Bach Khoa TP. Ho Chi Minh
@Céng ty TNHH Thiét bi Bai Nam

Tom tit:

Pé danh gid do chinh xac cua dinh vi diém don sir dung $6 hiéu chinh thoi gian thyc tir dich vu
IGS théng qua mang Internet tai Viét Nam. Chiing t6i da xir Iy va ddnh gic d¢ chinh xdc vé cdc thanh
phcfn toa do cua mot tram do dat tai TP. HCM vao ngay 08-11-2017. Két qua cho thcfy do chinh xdc
trung binh ciia dinh vi diém don sir dung RTS cia cdc thanh phan hwdéng Bdc, huwéng Pong va Do
cao twong vng la 0.26 (m), 0.21 (m) va 0.40 (m). P chinh xdc nay cdi thién khodng 75% vé mdt
bdng va 81% vé do cao so véi khi dinh vi diém don sir dung ban lich truyén thong, va kem hon
khodng 50% so véi két qua hdu xir Iy ding ban lich chinh xdc va sé hiéu chinh dong ho vé tinh 30

giay cua IGS (0.11 , 0.10 va 0.21m).

1. Giéi thi¢u

Pinh vi diém don thoi gian thuc thong
thuong (dung ban lich truyén thong) chi dat do
chinh xac & muc 5-15 (m) nén thuong dap ung
cho cac tng dung yéu cau do chinh xéac thip nhu:
dan duong, dinh vi tau thuyen trén bién,. .. Trong
khi do, k¥ thuat dinh vi diém chinh x4c cao
(Precise Point Positioning- PPP) hi¢n nay da dat
dugc do chinh xac ¢ mirc cm-dm, tuy nhién PPP
truyén thong chi phuc vu cho tmg dung hau xur
1y vi phai can dén cic san pham cudi cung tir
dich vu IGS v6i thoi gian cho doi vai ngay.

Hién nay dich vu thoi gian thu’c cua IGS
(Real-time Service - RTS) cung cip dén ngu:orl
dung cac san pham O thoi glan thuc bao gdom: sb
hiéu chinh vé quy dao va dong ho vé tinh GPS.
RTS dya trén co s¢ mang ludi cac tram IGS va
cac trung tdm phan tich dir liéu dé tinh toan ra s6
hiéu chinh vé quy dao va déng hd vé tinh c6 do
chinh x4c cao dé cung cap cho nguoi dung ngay
0 thoi gian thuc thong qua mang Internet [9, 12].
Tir @6 hinh thanh nén khai niém dinh vi diém
don chinh xéc thoi gian thuc hay gan thoi gian
thuc (Real Time Precise Point Positioning -
RTPPP).

RTPPP la phuong phap dinh vi diém don, xir
ly céc tri do pha va ma tr mot may thu GNSS
duy nhat cung véi sir dung cac san pham sb hiéu
chinh quy dao va dong ho vé tinh GNSS thoi
gian thue, chinh xé4c tir Dich vu GNSS quéc té
(International GNSS Service - IGS) [5].

Trong bai bao trudc do [12], chung téi da
khao sat 6 chinh xéac cua quy dao va dong ho vé
tinh sau khi d3 hiéu chinh béi cac sb hiéu chinh
thoi gian thuc cua IGS thong qua viéc so sanh
voi ban lich IGS Final (day 1a ban lich c6 do
chinh xac cao nhat theo thong bio cua to chirc
IGS). Két qua bai bao d6 cho thay rang do chinh
xac vé quy dao va dong ho vé tinh GPS sau khi
hiéu chinh bai cac s6 hiéu chinh RTS tuong ting
khoang 0.3m va 1.2ns.

Trong bai bdo nay, chung toéi s€ trinh bay
nghién ctru tiép theo cua chung toi vé danh gia
d6 chinh xac dinh vi diém don sir dung sé hiéu
chinh thoi gian thye ctua IGS. Trong d6 chuong
trinh dinh vi diém duogc trinh bay tom tit & muc
2. Muc 3 gi6i thiéu vé thiét bi thu va dit liéu dé
khao sat do chinh xac dinh vi RTPPP. Két qua
khao sat va két luan s& duoc trinh bay ¢ muc 4
va 5 cua bai bao.
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2. Quy trinh xwr ly

2.1. Quy trinh xw ly cia chwong trinh
RTPPP

Dé thuc hién RTPPP, dit liéu dau vao can c6
tri do gia cu ly (tri do ma) va tri do pha trén 2 tan
s6, va ban lich tmyén thong, dugc Xuét ra tir may
thu ¢ dinh dang RTCM va dua vao may tinh.
DPdng thoi may tinh thong qua két ndi Internet dé
nhén s6 hiéu chinh RTS dé cai chinh vao toa do
va dong ho vé tinh GPS, tinh dugc tir ban lich
truyén thong. Trén co so toa dd va dong hd vé
tinh GPS di dwogc hiéu chinh bdi s6 hiéu chinh
RTS cung voi tri do nhan to may thu GPS da
duoc giai ma tién hanh tinh toan ra toa do tai vi
tri dng-ten clia may thu. So dd khdi ctia chuwong
trinh dinh vi diém don st dung s6 hiéu chinh
RTS duoc trinh bay trong Hinh 1.

Trong do:

Iy v Zi5 12 tri do pha trén tAn s6 5 va g, gilta
may thu 7 va vé tinh £.

B, va P}, la tri do ma trén tan s0 4 va £, gitra
may thu 7 va v¢ tinh £.

P, va L, 1a tri do ma va pha ciia t6 hop khong
bi anh huong cua dién ly gitra may thu i va vé
tinh £.

X5.YE,Z I 13 toa d0 va ddng hd vé tinh & khi

MAY THU GPS
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TRIDO 2.7 TRIBO £
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THANH LAPF P THANH LAP 2
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HIEU CHINH 2 HIBU CHINH L

tinh toan tir ban lich truyén thong.
ax*,8Y*,8z*,0dT* 1a s6 hiéu chinh quy dao va
dong ho vé tinh tir RTS.
X' Y5, Z5,dT* 14 toa @6 va dong hd vé tinh k
sau khi da hiéu chinh.
A, P C, L 1a cac ma tran hé s, trong sb va
vector s6 hang tu do.

b* 1a tham s6 da trj (s thuc).

5X,,6Y,,6Z, 14 s hiéu chinh cho an sb toa do
may thu.

X, Y, Z, la toa do cia may thu.
2.2. Bi¢n phdp khic phuc cdc nguon sai sé

Ngoai cac ngudn sai sb do vé tinh gy ra 1a
sai s6 quy dao va dong hd vé tinh GPS, d6 chinh
xac dinh vi diém don con chiu tac dong cta cac
ngudn sai s6 lién quan dén tri do va phan cting
ctia may thu [3]. Vi vy, cic ngudn sai sd ndy can
duogc khir hodc giam dén muc ti da khoi phuong
trinh tri do nham cai thién d6 chinh xac RTPPP.

- Cdc nguon sai sé lién quan dén tri do GPS
bao gom:

+ Anh huéng cua sai sé dién ly: dung tri do
két hop khong bi anh hudng dién ly P3 va L3 dé
khir khoi phuong trinh tri do.

i
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Hinh 1: So' d6 khéi ciia chwong trinh RTPPP sir dung s6 hiéu chinh RTS
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+ Anh huong cua sai s6 doi luu: dung mo
hinh khi quyén chuan va ham anh xa doéi luu dé
tinh toan ra d¢ tré va hiéu chinh vao tri do.

+ S6 hiéu chinh phase wind-up (chi anh
huong dén tri do pha): tinh toan va hi¢u chinh
vao tri do pha trong dinh vi di€ém chinh xac.

+ Tham s6 da trj trong tri do pha: dugc xem
nhu cac an so thyuc trong phuong trinh tri do pha.

- Cdc nguén sai sé lién quan dén thiét bi thu
GPS bao gom:

+ Sai s6 dong hd may thu: lay hiéu tri do giita
cac v¢ tinh GPS s& khur hoan toan nguon sai so
nay.

+ Sai s6 do do tré phan cimg va da dudng:
chung t6i bo qua va khong xem xét deén.

+ Sai s6 do hién tuong triéu: ngudn sai sb nay
anh huong chi yéu vao thanh phian do cao.
Trong két qua nghién ciru ciia bai bao ciing bo
qua anh huéng cta ngudn sai sb nay.

3. Thiét bi thu GPS va tap dir liéu thue
nghiém

Dé thuc hién RTPPP st dung sd hiéu chinh
thoi gian thuc IGS-RTS, ching t6i st dung may
thu 2 tan s Topcon Legacy-E dat tai mdc
DNEOI thu thap di liéu lién tuc trong 1 ngay.
May thu duoc két ndi v6i may tinh dé nhan sb

liéu thoi gian thuc gém: tri do gia cu ly va tri do
pha cua vé tinh GPS theo dinh dang RTCM xuét
ra tir may thu. Pong thoi, may tinh ciing nhan
duoc s6 hiéu chinh RTS va ban lich truyén thong
tur dich vu IGS thong qua mang Internet.

Dé phuc vu cho viéc danh gia do chinh xéac
RTPPP, toa do chinh xac cua tram do dung lam
co s& dé so sanh duoc xac dinh biang phuong
phap hau xt Iy PPP tinh, dugc cung cip tir dich
vu xu ly GPS online CSRS-PPP v6i d chinh xac
chi & mitc mm-cm [2, 3, 4]. (Xem hinh 2)

4. Két qua xir Iy va phan tich d9 chinh xic

Dit liéu tri do dugc thu vao ngay 08-11-2017
cung vé6i ban lich truyén thong va s6 hiéu chinh
quy dao va dong ho vé tinh GPS cuia RTS-IGS.
Dit liéu nay duogc thuc hién b?mg chuong trinh
xur ly va danh gia d6 chinh xac RTPPP do chung
t6i viét ra bang ngon ngir 1ap trinh MATLAB.
Mot sb cai dat chung cho qua trinh xtr Iy duoc
cho & Bang 1.

Dir li¢u cua tram do dugc xu ly theo 4
phuong an:

- Phuong an 1: dung ban lich truyén thong.

- Phuong an 2: dung ban lich truyén thong két
hop vo6i s6 hiéu chinh RTS.

- Phuong 4n 3: Dung bén lich chinh xac IGS
Final va s hi¢u chinh dong ho v¢ tinh 15 phut

-

=

Hinh 2: Cai ddt ang-ten tai moc DNEOI va két néi may thu Topcon Legacy-E véi may tinh laptop
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Toa d6 tram do nhan duogc tur xt Iy duogc so
sanh v&i gia tri chinh xac ctia n6 theo 3 thanh
phan: hudng Bic, huéng Pong va Do cao theo

(c6 tan sudt cdp nhat 15 phat/lan).

- Phuong an 4: Dung ban lich chinh xac IGS
Final va s hiéu chinh dong ho vé tinh 30 gidy
(c6 tan suat cap nhat 30 giay/lan). cong thirc sau:

Bdng 1: Céc tham sé cai dat trong xir Iy RTPPP

N s (1
Noi dung Gia tri
Ban lich va dong hojDung ban lich truyén thong val
vé tinh s0 hiéu chinh RTS 2)
. Tri do ma P3 va pha D cia v¢
Tri do tinh GPS
Trong s tri do Sin(e), € 1a gdc cao v¢ tinh 3)
M6 hinh khi quyén chuan|
[UNB3m
D6 tré déi uu Mo hinh  hi¢u  chinh Trong d6 N, E;, h; 1a toa d6 mat bang va do
Sasstamoinen

cao cia diém DNEOI x4c dinh duogc & thdi diém
thir 1, con (N, E, h) 1a toa d6 va do cao chinh xac
cta diém DNEOI1.

Ham anh xa Neill

Xem tham sO da tri 1a an so

Giai da tri thuc trong phuong trinh do pha

Két qua so sanh khi xur 1y ting thoi diém
(epoch-by-epoch) cho ¢ Bdang 2.

D0 THE THE HEN 581 50 W1 TR MAT BANG

Legend

Harthim

I | 1 | !
] 3 2 ] [ i F 3 4 g
Esi{m)

Hinh 3: Do thi thé hién dg 1éch vi tri mdt bang khi dinh vi ¢é (ddu sao mau xanh) va khéng c6 siv
dung so hiéu chinh RTS (tam giac mau do)
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Do thi sai s6 vi tri mat bang khi dinh vi diém
don chi st dung ban lich truyén thong (phuong
an 1) va sir dung ban lich truyén théng c¢6 hiéu
chinh RTS (phuong an 2) dugc biéu dién theo d6
thi Hinh 3.

Theo Bang 2, do chinh xac RTPPP sur dung sb
hi€u chinh RTS dat duogc la 0.21, 0.26 va 0.40
(m) theo huéng Pong, Bic va Do cao. So voi két
qua dinh vi chi dung ban lich truyén thong, do
chinh xac dwoc cai thién & cac thanh phan:
huéng Pong (0.21/0.87 ~ 76%), huéng Bic
(0.26/1.01 ~ 74%) va B§ cao (0.40/2.14 ~ 81%).

Trong Bdng 2 cling cho thay két qua khi xur Iy
timg thoi diém (epoch-by-epoch) st dung sb
hi€u chinh RTS cho d6 chinh xac tuong duong
v6i két qua dung ban lich chinh xac SP3. Piéu
nay cho thiy d6 chinh xac va tinh 6n dinh cua s6
hiéu chinh RTS vé quy dao va dong hd vé tinh
GPS 1a twong ddi cao. Theo Hinh 3, sai s6 vé vi
tri mat bang khi dinh vi diém don dung sé hiéu
chinh RTS 6n dinh va tap trung hon so véi dinh
vi diém don thong thudong ding ban lich truyén
thong.

Ddng thoi theo Bdng 2, chiing ta thdy rang do
chinh xéac ctia phuong an 4 (c6 st dung sd hiéu
chinh dong ho vé tinh 30 gidy) & cac thanh phan
huéng DBong, Bic va Po cao 1a (0.10,0.11, 0.21)
m tot hon phuong 4n 3 (str dung s6 hiéu chinh

ddng ho vé tinh 15 phat) 1a (0.13, 0.15, 0.25) m.
Diéu nay c6 thé gii thich rang c6 su sai léch vé
két qua ndi suy cho s6 hiéu chinh dong ho vé
tinh GPS cho nhitng thoi diém cach xa cac thoi
diém 15 phut chén.

Theo két qua cuia cac nghién ctru cia cac
tac gia trudc do [3], dd chinh xac khi hau xu
ly Kinematic PPP c6 thé dat & mutrc dudi dm.
Cac két qua nay cho do chinh xac tot hon két
qua cua chiing t6i khi xir Iy bang ban lich IGS
Final va s6 hiéu chinh déng hd vé tinh 30
gidy. Ly do cua su khac biét nay c6 thé ké dén
la may thu GPS va ang-ten chung t6i 1a loai
thong thuong, khong tot nhu cac tram IGS
thuong truc, nén khong c6 kha nang giam da
dudng va loai nhiéu tot nhu tai cac tram 1GS,
ddng thoi diém tham khao ang-ten duogc
chiing t6i xac dinh tuong ddi bang thudc thép.
Ngoai ra toa d6 co s dung dé so sanh va danh
gia do chinh xac dinh vi c6 dugc thong qua
viée gui sb liéu dén cac dich vu xur 1y GPS
online chi dat dd chinh xac cm.

5. Két luan

Chung t6i da khao sat do chinh xac cua dinh
vi diém don st dung s6 hiéu chinh RTS tai tram
do DNEO1 vao ngay 08-11-2017 bang may thu
Topcon Legacy-E. Két qua dugc tom tit nhu
sau:

Bdng 2: So sanh két qua xir Iy tirng thoi diém theo 4 trieong hop khdo sat

STT Phwong an xir ly East (m) North (m) Up (m)
1 Dung ban lich truyén thong 0.872 1.005 2.137
2 | Dung ban lich truyén théng + RTS 0.213 0.260 0.398
Dung ban lich IGS Final va s6 hi¢u
3 chinh déng hd 15 phit 0.126 0.146 0.252
Dung ban lich IGS Final va s6 hi¢u
4 chinh déng hd 30 gidy 0.103 0.111 0.213
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Do chinh xac khi xt 1y tung epoch cua
RTPPP c6 thé dat dugc 0.21, 0.26 va 0.40 (m)
theo hudng Pong, hudng Bic va Po cao. So véi
khi xtr 1y chi st dung ban lich truyén thong, do
chinh x4c nay cai thién dang ké & thanh phan mat
bang khoang 75% va Do cao khoang 81%.

Viée dinh vi diém don ding ban lich chinh
xé4c IGS Final va s6 hiéu chinh d(‘Sng hd vé tinh
30 giay cho két qua dinh vi c6 do chinh xac t6t
nhat 1a 0.11 (m), 0.10 (m) va 0.21 (m) & cac
thanh phan huéng Bac, huéng Dong va Do cao.

Véi @0 chinh xac dat dugc cua RTPPP sir
dung s6 hiéu chinh RTS, cho phép ching ta mé
rong muc dich rng dung so vo6i dinh vi dung ban
lich truyén thong. Ch'flng han nhu phuc vu cho
muc dich dan duong chinh x4c hay cho cong tac
do v& dia hinh day bién, song, hd va cac tng
dung yéu cau do chinh xac trung binh.Q
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Real-time PPP Technique with IGS-RTS Service

Summary

Accuracy assessment of the precise point positioning using the IGS real-time corrections
Nguyen Ngoc Lau
Ho Chi Minh City University of Technology

Pham Can
Dainam Equipment Company Limited

To assess the accuracy of single point positioning using IGS real time corrections via the Internet
in Vietnam. We have processed and evaluated the accuracy of the coordinate components of a sta-
tion located in Ho Chi Minh City on November 8th, 2017. The results show that the average accu-
racy of single point positioning using RTS of the north, east and up components is 0.26 (m), 0.21
(m) and 0.40 (m), respectively. This accuracy improves about 75% in horizontal and 81% in verti-
cal components compared to single point positioning using broadcast ephemeride, and is about 50%
less than post-processing results using the IGS Final precise ephemeride and 30s clock corrections
(0.11, 0.10 and 0.21m).O
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