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Tom tdt:

Hién nay, céc dich vu dinh v; tryec tuyén dira trén Web diroc phét trién béi mét sé to chiie; than thién véi nguoi
dung, khong gidi han va hau hét déu mién phi; da tré thanh mét sy thay thé dang ké so véi phan mém khoa hoc va
thwong mai c6 chi phi cao. Nnghién citu tha nghiém nay da duwoc thuc hién trén tram LANG dé tim ra sy khac biét vé
cac dich vu truc tuyén dua trén Web duiroc sir dung nhiéu nhat trén toan thé gigi (cu thé 1a CSRS-PPP, GAPS). Cac dich
vu nay si dung cdc phwong phdp tiép can gidi phdp dinh vi d@iém tuyér doi va chinh xac (PPP- Precise Point
Positioning). Toa dé PPP cua tram dwoc wéc tinh bang cach siz dung ca dich vu truc tuyén va phan mém Bernese 5.2
tir bg dir ligu GPS 24 gio, sau dé tinh todn sy khac bigt vé toa do giira cac dich vy tryec tuyén va phan mém xi Iy Bernese.
Két qua nghién ciu chi ra rang cho ting gidi phap khéc biét la duwsi 10 mm dol véi dich vy truc tuyén dinh vi diém
chinh xéc. D¢ chinh xac v tri diém thu dwoc tir cac dich vu truc tuyén cung cap gidi phdp ¢é dé chinh xac cao cé thé
duoc sir dung trong nhiéu ing dung ky thugt va phan tich trdc dia.
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Abstract:

Web-based online location services are developed by a number of organizations; User-friendly, unlimited and
mostly free; has become a significant alternative to high-cost scientific and commercial software to achieve GPS data
processing and analysis. When centimeter (cm) level accuracy is desired, it is easily achieved with these services. In
this paper, an experimental study was performed on the LANG station; Institute of Geology to find an accurate analysis
of the most used web-based online services worldwide (namely CSRS-PPP, GAPS). These services use relative and
precise point positioning (PPP) solution approaches. In this pilot study, station coordinates were estimated using an
online service and GPS Bernese 5.2 processing software from a 24-hour GPS data set, and then the difference in
coordinates between stations was calculated. Bernese online services and software. From the evaluations, it is seen that
the results for each solution differ by less than 10 mm for the precise point positioning online service. The results show
that the position accuracy obtained from the related online services provides a highly accurate solution that can be
used in a variety of geodetic analysis and engineering applications.
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1.Mé dau

Ngay nay, khi cac dich vu Internet phat trién, c6 thé cung cip dich vy truc tuyén cho nhiéu
ung dung trong linh vuc ky thuat thdng qua Internet. Mot trong nhirng dich vu nay 1a danh gia dir
licu GPS truc tuyén [1]. Tinh ning quan trong nhét cua cac tng dung dya trén Internet la cac dich
vu ndy mién phi va dé sir dung. Gan day, cac dich vu dinh vi GNSS duya trén web di phat trién nhu
mét lua chon bd sung cho cac phuong phap tinh toan ¢ dién. Cac dich vu nhu vay ty dong tao ra
cac giai phap bang céach sir dung mot sé tap dit liéu do GNSSS duoc tai qua giao dién web qua
Internet[2]. Cac quan sat GNSS duoc thu thap tai hién truong duoc ghi lai ¢ cac dinh dang di liéu
tiéu chuan nhu Receiver Independent Exchange Format (RINEX) va sau d6 duoc tai 1én cac dich
vu dinh vj dua trén web, cho phép thu duoc toa do vi tri cia cac diém quan sat trong thoi gian ngan
va mién phi [3].

Dich vu dinh vi dua trén web da duoc coi 1a giai phap thay thé cho phan mém khoa hoc hoic
thuong mai trong 15 nam trd lai day. Bét ctr noi nao ¢6 truy cap Internet, viéc danh gia dir liéu
RINEX bang cac dich vu d6 s& d& dang hon. Mot khia canh dang tin cdy khéc 1 viéc st dung phan
mém khoa hoc (Bernese, Gamit, GIPSY/OASIS 11, v.v.) chay trong nén caa cac hé thong nay.
Nhing dich vu ndy ciing mang lai nhiéu loi ich cho nguoi ding bang cach giam chi phi cua nhiéu
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phan mém, phan ciing, cdng cu, nhan sy va dich vu van chuyén. Két qua tir cac dich vu nay & dang
bao c4o tom tit hoic chi tiét. Gia tri d6 léch chuan cua cac diém nay dugc gui ciing véi toa do diém
wdc tinh trong bao cao. Mot sb dich vu giri bao cdo tom tit dudi dang thdng tin tdm tat ngén, trong
khi mét sé dich vu cung cip bao cao chi tiét vai phan trinh bay chi tiét va do hoa. Nhiéu dich vu
trong s6 nay 1a mién phi va mot sé dich vu yéu cau tu cach thanh vién dé truy cap bang tén nguoi
dung va mat khau trong khi st dung.

Céc dich vy dinh vi dua trén web gém hai loai giai phap khac nhau: Pau tién 12 phuong phap
dinh vi twong dbi va thir hai 1a phuong phap giai phap dinh vi diém chinh xac (PPP). Trong nghién
ctru ndy, giai phap dinh vi diém chinh xéac dwa trén web duoc sir dung. Céc dich vu cha yéu duoc
str dung cho giai phap PPP chi st dung cac san pham GPS hoic GPS + GLONASS nhu quy dao va
hiéu chinh dong hd. Ludng dit liéu cho ca hai dich vy dinh vi dua trén web duoc hién thi trong Hinh
1. Trong nghién ctu ndy, hai dich vu PPP dya trén web khac nhau: GAPS va CSRS-PPP, duoc biét
dén nhiéu nhat va duoc sir dung rong réi, cac thudc tinh chung cua dich vu, dia chi truy cap va két

qua phan tich déu dugc kiem tra

B Dich vu xi Iy true

-~ tuyén trén web
gt di ligu

_C__ ) RINEX bang =
Aﬂtm}]"’“ 4 cach tai [én web Bao cao phan tich
may thu /), Toa d6 va do léch
GPS > A >chu£m ctia diém do
/| ‘..——-"\".\‘i > gemallretun
- 7

Thu thap d iéu thé Pia chi trang web xit Iy tre tuyén

Hinh 1. So dé trinh bay cac dich vu dinh vi dua trén web.

2. Phuong phap va cac tién ich xir ly s6 liéu GNSS.

K§ thuat PPP dya trén viéc danh gia ma va phép do pha duoc thu thap tr mot may thu. Trong
Ky thuat ndy, vi tri may thu duge xac dinh truc tiép bang cach sir dung quy dao chinh xéac va hiéu
chinh ddng hé do IGS (International GNSS Service) va cac t6 chirc twong ty ban hanh [5, 6]. Su
thanh cong cua viéc dinh vi bang k¥ thuat PPP phu thudc phan Ién vao viéc xac dinh su thay doi
quy dao chinh xéac caa vé tinh GPS. Do d6, véi giai phap PPP, diéu quan trong 1a phai c6 duoc théng
tin quy dao chinh xac va dong hd vé tinh thay vi thdng tin quy dao duoc phét tir vé tinh. Bo chinh
Xéc, do tré phat song, cap nhat va khoang thoi gian thu tin hiéu dbi véi quy dao vé tinh GPS chinh
x4c va hiéu chinh dong hd do IGS cong bé duoc néu trong Bang 1. Ngay nay, do d chinh xac cia
quy dao vé tinh chinh xéc va cac san pham dong hoé do céc té chiic nhu IGS, CODE va JPL cong bd
ngay cang tién bo , viéc sir dung ky thuat PPP ngay cang ting trong viéc xac dinh vi tri diém.

Bang 1. Théng tin cac logi lich vé tinh (Nguaon: https://cddis.nasa.gov/archive/gnss/data/daily/)

Loai lich vé tinh Sai s6 quy dao/ | Pd chinh xac | Theoi gian hinh | Thai gian | Tan xuat
Pong ho vé tinh thanh cap nhat | tin higu
Quang ba (Broadcast) Quy dao: 100 cm Tuc thoi Hang
DPong ho vé tinh 5 ns RMS ngay
2.5 ns SDEV
Cuc nhanh — dy bao Quy dao: 5cm Tic thoi 3,9,15,21 15 min
(Utral rapid — predicted) DPdng hd vé tinh 3 ns RMS uTC
1.5 SDEV
Cuc nhanh — quan tric Quy dao: 3cm Sau 3-9h 3,9,15,21 15 min
(Utral rapid — observed) DPdng hd vé tinh 150 ps RMS uTC
50 ps SDEV
Nhanh - Rapid Quy dao: 25cm Sau 17-41 h 17h UTC 15min
Ddng hd vé tinh 75 ps RMS
24 ps SDEV
Cudi cung - Final Quy dao: 2.5¢cm Sau12—-18ngay | Thub 15min
DPong ho vé tinh 75 ps RMS hang tuan
20 ps SDEV
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Duoi déy 1a phuong trinh quan sat doc 13p voi tang dién ly cua phép do khoang cach gia va
pha séng mang bao gom vi tri may thu, do léch dong ho, do tré tang ddi luu, pha song mang khong
xac dinh céc thdng so6 va sai s6 quan sat [3]:

lp=p+c(dt—dT)+T, +1L. +¢g,
lp=p+c(dt—dT)+ NA+T, +1.+¢, (1

trong d6 Ip va le lan luot 1a su két hop doc 1ap vai tang dién ly caa cac phép do ma va pha;
dt 14 d6 léch ddng hd ciia may thu, 1a chénh léch gitra thoi gian cia may thu (d@dng hd cia may thu)
va thoi gian hé thong (GPS); dT 1a d léch dong ho vé tinh, 1a chénh léch giira thoi gian vé tinh
(d¢6ng ho vé tinh) va thoi gian hé thong (GPS); ¢ 1a toc d6 anh sang trong khong gian; N 1a s6 nguyén
ctia pha song mang doc lap véi tang dién ly; T, 1a do tré tin hiéu ting ddi luu va Ir 1a do tré tln hiéu
tang dién ly giira vé tinh va may thu; A 1a budc séng; &, Va gy la cac thanh phan nhiéu bao gém ca
su phan xa tin hiéu [4-6]. Khoang céch hinh hoc gitra vé tinh (XS, YS, ZS) va may thu (XR, YR,
ZR) dugc xac dinh nhu sau:

p= (XS — Xp)? + (YS — Yp)2 + (Z° — Zp)? (2

Céc dich vu GNSS dua trén web rat dé st dung va khdng yéu cau kién thic b sung vé phan
mém. Dit liéu ¢ dinh dang RINEX thu duoc tir may thu GNSS dugc xir Iy bang cach tai ching 1én
giao dién web cua cac dich vu dinh vi dya trén web. Tly thudc vao dich vu duoc cung cap duoc sir
dung, mot sé dich vy yéu cau thdng tin bo sung nhu nhan hiéu dng-ten thu séng va chiéu cao ing-
ten. Khi két thiic qua trinh dénh gia duoc bat dau sau qua trinh tai 1én cac quan sat GNSS, bao cao
cudi cling vé cac quan sat GNSS c¢6 lién quan s& duoc trinh bay cho nguoi ding qua e-mail hoic
lién két c6 thé tai xuong tir giao dién web. Dia chi Internet cua cc dich vu dinh vi dya trén web c6
thé xur Iy cac tri do GNSS theo phuong phap PPP va cung cip chung cho nguoi dung dugc néu trong
Bang 2. Dé dap u'ng do chinh xac dinh vi diém tly tng yéu cau dat ra, moi dich vu cling cap nhat
riéng cho minh céc s6 liéu hd tro khac nham dua ra két qua tét nhat cho khach hang.

Bdng 2. Théng tin dia chi Web céc dich vu dinh vj tryc tuyén.

Tinh niing APPS GAPS CSRS-PPP Magic-PPP
Co quan phat trién Jet Propulsion University of New Natural Spain GMV Company
Laboratory Brunswick (UNB Resources
(JPL) Canada (NRCan)
Trang web dich | http://apps.gdgps.net | /http://gaps.gge.un | http://www.geod. | http://magicgnss.gmv.c
vu b.ca/ nrcan.gc.ca/ om/
ppp
Phién ban méi GIPSY 6.2 GAPS V5.2 CSRS-PPP Magic GNSS 5.3
nhat
Cac phép do dugc Static Static, kinematic | Kinematic, static Static, kinematic
ho trg xir ly
Dir liéu do Dual-frequency Dual-frequency Single or Dual-frequency
dualfrequency
Han ché cua tap 5 Mb 10 Mb 100 Mb 5 Mb
tin tai l1én
Hé vé tinh GPS GPS GPS\ GLONASS GPS\GLONASS
Khung tham chiéu ITRF2014 ITRF2014/NAD8 | ITRF2014/NAD8 ITRF2014
3 3-
CSRS
Lich vé tinh chinh | JPL rapid/final/real- IGS IGS IGS\GMV
Xac time
Mb hinh do tré GMF: troposphere UNB-VMF1,; Dry delay: Davis --
tang d6i luu mapping UNB3 Wet delay: Hopf
function MF: VMF1- MF: GMF
gridded
U tinh d¢ tré Do tré kho va uét Do tré theo Do tré theo Do tré kho va uot theo
tang d6i luu theo phuong thién | phuong thién dinh phuong thién phuong thién dinh
dinh dinh




Magazine of Geodesy — Cartography Tap chi Tréc dia - Ban d6
Vol 10, N° 01 (03/2024), ISSN: 2615-9481 Tap 10, S6 01 (03/2024), ISSN: 2615-9481

Dich vu phén tich va dinh vi GNSS (GAPS) vei dia chi truy cap http://gaps.gge.unb.ca/ la
dich vu xur ly dya trén web do Pai hoc New Brunswick (UNB) cung cap. Day 1a mét dich vu khong
y&u cdu ding ky thanh vién. Dich vu ndy sir dung céc san pham déng hd va quy dao nhanh, cuoi
cling caa IGS trong qué trinh thu tin hiéu GPS, dich vu chua dwa vao tinh toan dit liéu hd tro tang
dién ly, tai trong dai dwong.... GAPS la dich vu cung cap giai phap GNSS cho nguoi ding qua e-
mail. Céc giai phap toa d6 ciia GAPS duoc thé hién trong khung tham chiéu ITRF14.

GAPS

GNSS ANALYSIS AND POSITIONING SOFTWARE -

Erancais
I ‘ Government  Gouvernement 3
ofCanada  du Canada Search Canada.ca n

P
MENU v AT
HOME ABOU| SUBMIT A HILE JUBLICATIONS NEWS CONTACT

Canada.ca » Natural Resources Canada - Maps, (eols and Publications » Gendetic Reference Systams -~ Geodetic tools and data

racise Point Rastianing GAPS Advanced User Submission
Precise Point Positioning Select Input File
@ CSRS-PPP update - ITRF2020/1G520 Reference Frame Adoption Select Input Observation Flle: * G o003 o i doms v

Beginning with GNSS observations collected on Sunday, 27 Navember 2022, CSRS-PPP will output ITRF salutions in

the 1G520 reference frame. This new frame is the International GNSS Service (IGS) realization of ITRF2020. To learn Select System

imore about this change and what the impacts may be on your subimissions, please visit the CSRS-FPP modernization

Rage, GPS ® o off

Hinh:Giao dién trén intenet cia cac dich vu CSRS-PPP, GAPS.

Dinh vi diém chinh xé4c caa Hé thng tham chiéu khdng gian Canada (CSRS-PPP) dia chi
truy cap https://webapp.csrs-scrs.nrcan-rncan.gc.ca/geod/tools-outils/ppp.php la dich vu xu ly
GNSS dua trén web do Bo Tai nguyén Canada (NRCAN) cung cip. CSRS-PPP sir dung cé4c san
pham ddng ho va quy dao GPS chinh xac do IGS cung cip. Cac giai phap toa do PPP duoc thé hién
trong ca dit lisu NAD83 va ITRF14 véi cac bao céo phéan tich dd hoa chi tiét [7]. Dich vu nay da
tich cuc xtu ly dir lisu GLONASS tir ngay 4 thang 10 ndm 2011 va chap nhan céc tép hiéu chinh tai
thay triéu dai duong (OTL) do nguoi diing cung cap tir ngay 14 thang 2 nam 2012.

3. Dir liéu va két qua tinh toan

Trong nghién ctu nay, dit liéu caa Hé théng Vé tinh Dinh vi Toan cau (GNSS) ¢ cé4c thoi
diém khac nhau thudc tram GNSS c¢b dinh LANG, do lién tuc, s6 liéu nay két hop vai céc dit liéu
hd trg khac nhu lich vé tinh chinh xéc, do tré ting d6i luu... duoc xir Iy bang phan mém Bernese
5.2 cu thé 1a module PPP_BAS[5]. Quy trinh danh gia dit liéu GNSS duoc thuc hién trong céc ca
do 24 gio va két qua duoc so sanh gitra cac két qua giai phap trang Internet khac nhau. Tong s6 hon
80 ca do da dugc xur ly, bao gom sé liéu GNSS tai tram LANG céc ngay GPS tir 001-081 nam 2021
va 2022. Két qua thu duoc tir nghién ctu nay 12 3 loai toa do ctua ba giai phap da dugc chon: (1) xt
ly hau ky tir phan mém Bernese 5.2 va (2) cac két qua toa do tir cac giai phap dinh vi truc tuyén
PPP-online service, c4c gia tri gia sd toa do cua ca do 24h @ng voi tiring giai phap (Hinh 4) duoc so
sénh véi nhau.

S6 ligu do va sb liéu hd tro sau khi bién tap day du duoc dua vao xu ly bang phan mém
Bernese theo quy trinh sau:
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Lich vé tinh chinh xac S6 liéu, dix liéu hd tro S6 ligu hdn hop
\ 4
Chuyén déi lich vé tinh Chuyén déi dang sé liu
v
Tién xtt ly: P

Sai s6 dong hd,

Phuong trinh pha

A

Loc sai sb

Xac dinh cac tham sb:

canh, toa do v.v

'

Thiét lap phuong trinh

chuén theo ca do

Kiém tra, xir ly lai ca

\ 4

do (néu cén thiét)

A 4

Tich hop cac phuong trinh

chuén; Lai giai cudi cing

Hinh 3: Quy trinh xa ly s6 liéu bang phan mém Bernese 5.2.

Biéu db gia s6 toa d6 DX cia Biéu dé gia sb toa dd (DY) cuia
ba giai phap xi 1y ba giai phap xit Iy
0.1000
0.0600 "
0.0400 A i . .
0.0200 ,AA,//W 00000 ATk :',\'rﬂ.w-ﬂ'.-.‘-..\\;\‘ S AR '%"
0.0000 BT e 159 1377 2125293337 4145 49 5357 6 T§4EOV3
-0.0200 1,579 ﬂ%)ﬂ&%ﬁbﬂ 454953576165 697377 -0.1000
-0.0400
-0.0600 -0.2000

——DX (GASP) DX (CSRS) DX BERNS.2 =—DY (GAPS) DY (CSRS) DY (BERN 5.2)

Biéu dé gia sb toa d6 DZ ciia
ba giai phap xw ly
0.1
n

0 l.l - C.h“ A / ’M'A“:.“;‘.‘K\,‘L‘\'l}

oW1317 21252 374145495357616569737M
-0.1

——DZ (GAPS) DZ (CSRS) DZ (BERN 5.2)

Hinh 4. Biéu d6 so sanh cac gia sé toa d¢ (PPP) cua tirng gidi phap so Véi gia tri gan diing.
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Gia tri thong ké cua céac két qua thu duoc c6 thé duoc danh gia bang cach xem xét Sai sd
binh phuong trung binh (RMSE) [3, 6]. Sai s6 trung phuong trung binh (RMSE), con duoc goi 1a
Do léch binh phuong trung binh, 13 thude do dugc sir dung thuong xuyén dé danh gia su khac biét
giita cAc gié tri dugc quan sét tir cac phép do ludng khac nhau. RMSE dugc tinh bang cong thic

sau:
RMSEx = | Zize®?? RMSEy = /—Zho:’”“z, RMSEz = /—th’z)“z 3)
n

Cac gidi phap quan sat GPS 24 gi¢ cua tram LANG dugce dua vao xir Iy, cac gia tri RMSE
cua cac giai phap toa do CSRS-PPP, GAPS va Bernese 5.2 khac biét nam trong khoang tir 0,001
dén 0,005 m. Sau day la bang thong ké cac gia tri sai so:

Bang 3. Két qua RMSE cua ba gidi phap xar Iy.

Céc giai phap RMSEx(m) RMSEy(m) | RMSE;(m)

Bernese 5.2 0.013 0.017 0.014

GAPS 0.022 0.025 0.024

CSRS-PPP 0.017 0.020 0.016
Chart Title

0.3
0.25
0.2
0.15
0.1

0.05

RMSEx RMSEy RMSEz

Bernese 5.2 GAPS CSRS-PPP

Hinh 5: Biéu do thé hién sai s6 RMSE cho ting gidi phap xz Iy khac nhau.

Sau khi thu dugc két qua tinh RMSE cua tirng thanh phan toa do trong hé toa d6 khdng gian
dia tdm, cua cac dich vu dinh vi dua trén web, toa do thu duoc duoc so sanh véi toa dd thu duoc
trong phan mém khoa hoc Bernese 5.2.

Tir bang két qua thu duoc ta nhan thay: gia tri toa do cua giai phap xir ly bang phan mém
Bernese 5.2 c6 do tin cay cao bai cac sai s tinh toan nho hon so véi cac giai phap khac. Gia tri toa
do tir giai phap xir Iy bang dich vu GAPS léch hon nhiéu so véi hai giai phap con lai c6 thé nguyén
nhan dich vu nay chua cap nhat va dua vao tinh toan cac s6 liéu hd tro nhu: loai lich vé tinh chinh
xé&c cudi cung (Final), s6 liéu do tré tang dién ly (.ion), sé liéu tai trong dai dwong, tai trong dia
quyén, mé hinh kién tao (.pld) va cac sb liéu hd trg khac.

Theo két qua thu duogc, dich vu CSRS-PPP cho két qua tét hon phuong phap truc tuyén
GAPS, sai s6 binh phuong trung binh RMSE dugc tinh toan lan luot 1a £1,7, 0,2 va +0,16 theo
hudng X, Y va Z. So vai giai phap xir ly hau ky Bernese 5.2, dich vu dinh vi truc tuyén PPP-CSRS
khong sai khéac nhiéu va két hop véi cac dit liéu hd trg khac gia tri RMSE nay sé& chic chén tiém can
bang nhau.

4. Két luan

Ngay nay, cong nghé PPP ngay cang tré nén quan trong; ky thuat PPP kha thi trong qua trinh
do dac va danh gia chi vaoi mot may thu GNSS va viéc cung cap mién phl cac dich vu ndy cho nguoi
ding trén Internet khién cac hé thong nay tra nén thuan loi trong nhiéu wng dung. Nhiéu san pham
dau ra c6 thé thu dugc ma khong can kién thirc chuyén mén vé GNSS ngoai trinh d6 co ban. Khi st
dung dich vu dinh vi trén nén web, viéc lya chon céc thong sé giai phap phu hop véi cau tric di
liéu va phuong phap do c6 thé mang lai do chinh xac toa d6 18n muc cao nhat. Véi tng dung danh
cho nghién ciru khoa hoc chi ra rang cac dich vu d6 khong pht hop véi cac tng dung doi hoi yéu
cau cao, chang han nhu mé hinh tang dién ly va tang ddi luvu, nghién ctru phan tich bién dang, théng
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s6 dinh hudng trai dat, v.v. Két qua tir cac dich vu dinh vi trén nén web cho thiy khéng cé nhiéu

khéc biét gitra két qua caa phan mém khoa hoc (Bernese, Garmit...) khi c¢6 du dir liéu va thoi gian

quan tric trong cac phién GNSS. Diéu nay kha rd rang trong cac két qua vé do chinh xac dugce dua
ra trong Hinh 5. Két qua thu duoc tir cac dich vu nhu vay mang lai loi ich 16n vé thoi gian va chi
phi, du dé cung cap thong tin vi tri cho nhiéu tng dung k thuat.

Loi cam on

Cam on dé tai Dai tram Vién Dia chit, dé tai co s¢ s6 02-DTCS/2023: “So sanh do chinh x4c dinh

vi diém don chinh xac (PPP) xur ly bang Bernese va theo dich vy dinh vi diém don chinh xac truc tuyén” da

hd trg, cung cap sb liéu dé nhom tac gia thyc hién nghién ctu nay.

Cam két cua céc tac gia

T4t ca céc tAc gia co tén trong bai béo cam két sy ddng thuan va khong co xung dot loi ich
trong céng bd khoa hoc tai bai bao nay.
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