Trao d6i - Y kién

PHUONG PHAP XAC PINH TQA PQ TRAM CORS
THEO KHUNG THAM CHIEU MAT PAT QUOC TE - ITRF
BANG BERNESE 5.0

PHAM CONG KHAI, NGUYEN VIET NGHIA
Truong Pai hoc M3 - Pja chét

Tém tat:

Hién nay trén thé gi¢i da cé nhiéu quéc gia va khu vurc da cho xay dung hé théng tram
CORS v&i nhirng trinh do ky thuéat va trng dung khac nhau. O Viét Nam hé théng tram
CORS d3 bét dau duoc dua vao tng dung tht nghiém. Puoc sy tai tro cia tép doan may
tréc dia Nam Phuwong (SOUTH) da I&p dét tai truong Dai hoc M3-Dja chat mét tram CORS.

Dé hé théng hoat déng duoc cén phéi xéc dinh toa dé chinh xéc cta tram CORS trong
hé WGS84 va do do can thiét phai do nbi dén tram quan trac quéc té IGS.

Bai bao nay trinh bay phuwong phap xtr ly sé liéu va xac dinh toa do cho tram CORS [ép
dat ¢ Trurong Pai hoc M6 - Dja chat v&i thoi gian thu sé liéu lién tuc trong 18 ngay bang
phédn mém Bernese 5.0.

1. Dat van dé

Hé théng tram tham chiéu lién tuc (CORS) dwoc dinh nghia 1 mot hodc nhiéu tram
tham chiéu GNSS van hanh lién tuc ¢ dinh, két hop rng dung cdng nghé may tinh hién
dai va hé théng mang internet truyén dir liéu tao thanh mot mang lwéi déng bd. Trén co s&
van hanh cla tram CORS, c6 thé stir dung phwong phap do dong xt ly tlre thévi RTK va chi
can s dung thém 1 may thu di dong GNSS c¢6 kha nang két nbi di¥ liéu qua GPRS (vién
thong) t¢i tram CORS thi c6 thé tién hanh xac dinh toa do diém may thu di déng chinh xac,
nhanh chéng v&i khodng cach tdng dang ké.

DPé c6 thé van hanh va dwa vao phuc vu, van dé dat ra 1a can phai tién hanh xac dinh
duwoc toa do tuyét ddi cd dd chinh xac cao cho tram CORS trong hé toa d6 WGS84, bang
cach két néi dén tram quan trac IGS québc té két hop st dung chwong trinh x& ly di¥ liéu
do GNSS dd chinh xac cao nhw Bernese, GAMIT/GLOBK, v.v... Nhw da biét, ttr ndm 1995
sau khi xac dinh lai topa d0 cac tram quan sat dd léch gilra WGS-84 va ITRF da xac dinh
dwoc do léch c& 10 centimet [4].

Vé&i sw hop tac cua tap doan South (Trung Quéc) va Khoa Trac dija trwo'ng Pai hoc Mo
- Dia chét, da tién hanh 1ap d&t mot tram CORS cé tén tram NOO1.

~ Bai béo trinh bay két qua xac dinh toa do diém tram CORS-N001 trong hé toa do quéc
té WGS-84 theo khung quy chiéu trai dat quoc té ITRF-2008 bang phan mém Bernese 5.0.

2. Hé théng tram CORS trwong Pai hoc M6 - Dia chat

Hé théng tram CORS tai trwérng Dai hoc Mé - Dia chat, dwoc dat tai nha B cla trwong.
(hinh 1).

TAP CHi KHOA HOC PO DAC VA BAN PO SO 18-12/2013 45



Trao d6i - Y kién

Hinh 1: Tram CORS - N0O1 tai truong Pai hoc M6 - Dja chéat
Hé thdéng tram CORS nay bao gébm céac bd phan:
a. B6 phan tram thu chuan NRS

Tram thu dwoc dat & noi an toan, théng thoang, it bi anh hwédng cua hiéu rng da dwong
dan, luoi dién &n dinh. Hé thdng may thu la loai NRS NET S8, s dung bo mach chi cla
Trimble BD970, 220 kénh, hd tro' thu tin hiéu vé tinh GPS, Glonass, Béac Dau ; hé tro
GIOVE - A; GIOVE - B, tan suét thu thap c6 thé dat 50 Hertz. Hé théng c6 cong két nbi da
nang, c6 kha nang phuc hdi sau khi mat dién va tw dong hoat ddng lién tuc nhw cai dat ban
dau; treong hop sau khi bi mat mang internet van bao lwu sé liéu va sau khi két néi dwoc
v&i mang thi s liéu tiép tuc tw dong trat vao may. (hinh 2a). [ ]

Ang-ten thu sir dung vat liéu it co dan, cé kha nang loai bd séng tap do hiéu (rng da
dwéng dan, thiét ké dinh tam véi dd 6n dinh clia tam ang-ten dat dén 0,8 mm va co kha
nang thu tin hiéu & géc nguwdng rat nhd. (hinh 2b)

(b)

Hinh 2: (a) Tram thu chudn NRS NET S8, (b) Antenna cta hang South - Trung Quéc.
b. Trung tdm diéu khién hé théng NRS

Trung tam x@& ly s6 liéu, théng qua may tinh chd (Server), cé thé phan cp quan ly, tuy
theo tirng ddi twong ngwdi st dung béng hai phan mém di kém: NRS-Center (phuc vu tinh
toan s6 liéu, phan bd sé liéu tram thu tinh) va NRS-Server nhan va gl théng tin sai phan
cho cac may thu GNSS di déng. Tién hanh x{& ly sé liéu cta mang luéi do ddong RTK, déng
thoi hiéu chinh cac sb nguyén da tri clia toan mang, thiét 1ap mé hinh cai chinh (gédm cai
chinh sai sb tang déi lwvu, tang dién ly, quy dao vé tinh).
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c. Phan mém Bernese 5.0

Phan mém Bernese do Vién Thién Van — Trwdng Dai hoc Bern - Thuy S§ xay dwng voi
cac phién ban 4.0 (ndm 1996), 4.2 (n&m 1999), 5.0 (nam 2004) va phién ban mé&i nhat 5.2
(ndm 2013). Phan mém Bernese duwoc cong nhan 1a phdn mém da nang cé do chinh xac
cao. Da co rat nhiéu trwéng dai hoc vién nghién ctu s dung véi nhiéu muc dich khac
nhau nhu:

- X ly nhanh lwéi quy mé nho

- X ly mang lw&i ty dong

- Giai sb6 nguyén da tri cho cac canh dai (trén 2000 km)

- Thanh 1ap mé hinh tang déi lwu, tang dién ly

- Két hop xt ly sb liéu GPS va GLONASS véi nhiéu loai may thu
- Tinh toan, xac dinh dd léch ddng hd va chuyén déi thoi gian

- Xac dinh quy dao va cac tham sb Trai dat.

Bernese thucyng Xuyén cap nhat nhung két qua m&i nhat vé: tham sb quay cua Trai dét,
mo hmh chuyen dong mang toan cau, v.v... va cho phep lwa chon, can thiép dé xt ly cho
ra sb liéu tdt nhat. Menu cta chwong trinh cé khoang gan 100 chwong trinh, phan thanh
cac thanh phan chinh:

- Phan chuyén déi: Chuyén déi cac loai di¥ liéu dinh dang Rinex vé cau tric cla chwong
trinh

- Chiét xuat dir liéu

- Quy dao: xt ly cac thdéng tin quy dao vé tinh

- Pdng bd déng hd may thu va déng hd vé tinh

- X& ly: gdm mddul GPSEST va mddul ADDNEQ2: xt ly, kiém tra, binh sai, wéc tinh
cac tham sd, xac dinh cac hé phuong trinh chuén. Tuy theo muc dich c6 thé x& dung cac
phuwong trinh sai phan bac 1 dén bac 5, t6 hop bac 1 va 2, t6 hop bac 3 va 4, DTEC, MEL-
WUEBB.

- M6 phéng

- Dich vu: So sanh toa do gitra cac ca do, ngay do, tinh chuyén toa do, ...

- X ly tw déng (BPE): Tw dong xt ly, tinh toan cac sb liéu GNSS

3. Xac dinh toa d6 tram CORS tai Trwong DH M6 - Dia chat biang Bernese 5.0

’ Pé xac dinh toa do cho diém tram CORS - N0O1 trong hé toa d6 WGS-84, tién hanh két
ndi v&i 11 diém IGS quéc té (BJFS - Bac Kinh; SHAO - Thuong Hai; WUHN - Vi Han;
LHAZ - Tay Tang - Trung quoc; DAEJ - Han Quoc; PIMO - Philippine; NTUS - Singapore;
TQMS, TNML, TWTF - Déi‘ Loan; IISC, - An Bg) va dwoc tinh trong khung quy chiéu trai
dat ITRF 2008 (hinh 3) bang chwong trinh x& ly di¥ liéu do GNSS d6 chinh xac cao

Bernese 5.0. Trong dé, cac diém BJFS, NTUS, WUHN st dung sb liéu thu cha GPS va
GLONASS.
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Hinh 3: So dé diém tram CORS két ndi véi cac diém IGS

Sé liéu tram CORS dwoc két ndi t¢i cac diém IGS tir ngay 24 thang 5 ndm 2013 dén 19
thang 6 nam 2013 c6 dang Rinex. Téng cdng s6 ngay két ndi la 18 ngay vi cé 6 ngay khong
két ndi 1a cac ngay 25, 31 thang 5; 1,9, 15, 16 thang 6.

Théng qua dia chi trang web http://holt.oso. chalmers.se/loading/ c6 thé cap nhat cac
thdng s6 cai chinh thay triéu dai dwong cho cac tram va cap nhat cac sé hiéu chinh tang
dién ly, dcb & trang web clia Bernese.

Théng qua mddul CODSPP, tién hanh cong tac dong bd ddng hd may thu va déng hd
vé tinh. Qua trinh xt ly nay hoan toan xt ly trén tin hiéu do code. Sau budc déng bd dong
hé may thu, tin hiéu do code sé& khdng dwoc dé cap dén niva, cac xtr ly sau nay déu la xo
ly tin hiéu do phase.

D& giai canh, tién hanh st dung médul GPSEST dé giai canh so bd bang ham sai phan
bac 3 (L3) vé&i tt ca céac tri do va st dung ham anh xa cho thanh phan wét cia do tré do
tang ddi lwu gay ra (md hinh &m Niell) véi khodng dan cach 4 gi¢. (hinh 4) va tién hanh loc
bd cac tri do dw thd bang moédul RESRMS va SATMRK. Sao cho céc gia tri sai sé trong s
don vi trwde binh sai khi giai lai bAng médul GPSEST nhd hon 0.0015 thi khi d6 canh dwoc
giai dam bao chat lvong.

I sernese GPS Software Version 50
Configure Campaign RINEX OrbitsEOP Processing Senvice Conwersion BPE  User  Help

GPSEST 3.1: General Options 1 Bl Bernese GPS Software Version 5.0

Configure Campaign RINEX Orbits/EOP Processing Service Conversion BPE

TITLE |CORS: Ca do $YSS+0: Nhé cac tri do du

OBSERVATION SELECTION GPSEST 6.3.1: Site-Specific Troposphere Parameters 1
satellite system 5|
Frequency T |
Elevation cutoff angle [~ degrees 1E0: [T degrees ZENITH PATH DELAY PARAMETERS
Sampling interval o seconds . . ,ﬁ
Tolerance for simultaneity % milliseconds LRI B WET NIELL i
Special data selection - Parameter spacing lm (hh mm ss)
Observation window ] |

OBSERVATION MODELING AND PARAMETER ESTIMATION HORIZONTAIL GRADIENT PARAMETERS
A priori sigma J0-001  meters
e e e To ol Cosz =] 1e0: [fE 3 Gradient estimation model ESTOIT -
Type of computed residuals [NoRMALIZED +| Parameter spacing (hh mm ss)
correlation strategy [EasezNe o]
Polarization effect geom. - only if later than [2003 09 14 -]

| ~op *Prev “Next | cacen | saeas | “save

Hinh 4: Tham sé6 cai dat trong médul GPSEST dé ghi nhé tri do dw
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Tiép theo, s dung modul GPSEST tién hanh binh sai gidi canh 1an 2 va lan 3 voi
khoang thoi gian gidn cach 1an lwot 30 gidy va 180 gidy. Trong d6, gidi canh 1an 3, s& dung
tham sb tram lién quan dén gidi cac sb tri nguyén da tri (Ambiguities), st dung ham mé
hinh &m Niell v&i khodng dan cach 1 gi va mé hinh Gradient (Gradient estimation model)
v@i khoang thoi gian 24 gi¢. (hinh 5).

I Berese GPS Software Version 50 B Bermese GPS Software Version 50
Configue Campaign RINEX Orbits'EOP Processing Service Conversion BPE  User  Help Confgws Canpeign  FINEX' Ortis’EOP Processiag Sewice Commrsion DPE User T

GPSEST 5.1: Setup of Parameters and Pre-Elimination 1

TITLE [CORS: Ca do $YSS+0: Gidi canh mang luéi 13n cudi (fixed)
STATION-RELATED PARAMETERS setup Pre-Elimination
OBSERVATION SELECTION Station coordinates W B
satellite system ALL - Ambiguities S E
a2 Receiver antenna offsets | |
Frequency L3 ¥
Receiver antenna PCV patterns -
Elevation cutoff angle 3 degrees LEO: degrees
Sampling interval 180 = seconds ATMOSPHERIC PARAMETERS
Tolerance for simultaneity 10( milliseconds Site-specific troposphere parameters P | NO i
Special data selection Mo 3 Global ionosphere parameters I
Observation window ] |
[ pm—
Cofigse_Campaign RNEX _OWASEOP Processing Sevice Conyersin BPE  User  Hob

OBSERVATION MODELING AND PARAMETER ESTIMATION
A priori sigma [0.001  meters
Elevation-dependent weighting [cosz -] 1EO: [NONE -]
Type of computed residuals [NorRMALIZED -]
Correlation strategy CORRECT -
Polarization effect geom. [~ only if later than l—_|
total F~  only if later than [2006 11 05 7

GRSEST 6.3.1: Site-Specific Troposphere Parameters 1

"Top "Prev “Next [ Cance™ Save*As "Save
User. NGHIA Campaign: ${P))CORS $Y+0=2013 $S+0=1440 File: c\GPSUSER/PAN\GPSEST.INP

Hinh 5: Tham sé cai dat trong médul GPSEST dé gidi canh lan 3

Sau d6, str dung médul ADDNEQ2, dé tién hanh lién két kiém tra chat ché div liéu toa
do diém vira tinh dwoc véi toa do cac diém IGS trong khung quy chiéu trai dat ITRF-2008
va két qua tinh dwoc xuét ra dinh dang phwong trinh chuan cta phan mém (Normal equa-
tion) dang *.NQO cho tirng ngay do. Tiép theo, so sanh ddc lap Helmert dé xac dinh toa do
v&i viéc str dung toa do va van tdc cla cac diém ITRF-2008 lam diém co s& dé tinh thanh
phan toa do, van téc chuyén dich va sai sb ciia cac diém trong cling mot hé thdng toa do
khéng gian dia tam (X,Y,Z), dia ly (N,E,U) cho 1 ngay cu thé.

[l 8emese GPS Software Version 5.0
Configure Campaign RINEX  Orbits/EOP Processing Service Conversion BPE  User  Help

ADDNEQ2 3.1: Options 1

TITLE [CORS: X&c djinh 10i gidi 13n cudi - Toa 4§ & van téc

GENERAL OPTIONS
Maximum number of parameters in combined NEQ 1000 3:

A priori sigma of unit weight 0.0010 meters
Compute and compare individual solutions HELMERT <
Reference epoch for station coordinates 2013 06 04 (yyyy mm dd)

PARAMETER-RELATED OPTIONS
Parameter pre-elimination
Change parameter spacing

Set up station velocities

| W W

Set up geocenter coordinates

Hinh 6: St dung giai phap tinh va so sénh Helmert dé xéc dinh toa do va van téc
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,Két qua sau khi tinh toan va so sanh duoc tdng hop va trinh nay & bang 1. O day, cac
diém chwa can quan tdm dén van toc chuyén dicr] clia diém tram CORS - NOO1 nén tac
gia khong trinh bay, ma chi trinh bay cac thanh phan toa d6 cung sai s twong rng.

Béang 1: Thanh phén toa do va sai sé trong hé toa d6 WGS-84
(thoi diém 1 gior 02 phat 30 gidy, ngay 04 thang 6 ndm 2013)

Tan didm | Thanh ppén Giatritoado sau | o . s v | Thanh ppén Giatritoadosau| o .« pic
toa do binh sai toa do binh sai

E 105 46 24.547827 0.0001 X -1618564.5576 0.0002
N001 N 21 4 17.959085 0.0001 Y 5730005.6206 0.0004
V] 0.9251 0.0005 z 2278800.1280 0.0002
E 115 53 32.957690 0.0001 X -2148744.3455 0.0002
BJFS N 39 36 30.961952 0.0002 Y 4426641.2277 0.0005
V] 87.4730 0.0006 z 4044655.8698 0.0003
E 127 22 28.135474 0.0002 X -3120042.2172 0.0003
DAEJ N 36 23 57.940457 0.0001 Y 4084614.7731 0.0005
V] 116.8446 0.0006 z 3764026.8438 0.0004
E 77 34 13.364681 0.0004 X 1337936.1054 0.0003
HSC N 13 1 16.206923 0.0002 Y 6070317.1240 0.0014
U 843.7052 0.0014 z 1427877.0782 0.0004
E 91 6 14.505680 0.0002 X -106941.8237 0.0002
LHAZ N 29 39 26.399411 0.0001 Y 5549269.8253 0.0007
U 3624.6167 0.0008 z 3139215.1274 0.0003
E 103 40 47.850999(  0.0001 X -1508023.0421 0.0002
NTUS N 1 20 44.884523 0.0002 Y 6195576.5830 0.0007
V] 75.3797 0.0008 z 148799.3612 0.0002
E 121 4 39.825827 0.0002 X -3186293.6975 0.0004
PIMO N 14 38 8.593138 0.0002 Y 5286624.3462 0.0006
V] 95.5476 0.0007 z 1601158.3573 0.0002
E 121 12 1.609450 0.0002 X -2831733.7544 0.0002
SHAO N 31 558.709684 0.0001 Y 4675665.8461 0.0005
V] 22.0423 0.0006 z 3275369.3288 0.0003
E 120 59 14.613392|  0.0002 X -2982783.1668 0.0003
TCMS N 24 47 52.747215 0.0001 Y 4966659.9928 0.0005
U 77.2438 0.0006 z 2658809.3788 0.0003
E 120 59 14.450511 0.0002 X -2982779.3508 0.0003
TNML N 24 47 52.634285 0.0001 Y 4966662.5248 0.0006
u 75.8653 0.0007 z 2658805.6462 0.0003
E 121 952.212365 0.0002 X -2994428.4187 0.0003
TWTF N 24 57 12.830503 0.0001 Y 4951309.1839 0.0005
U 201.5373 0.0006 z 2674496.7141 0.0003
E 114 21 26.153686 0.0002 X -2267749.6867 0.0003
WUHN N 30 31 53.946953 0.0001 Y 5009154.2159 0.0007
V] 25.8540 0.0008 z 3221290.6190 0.0004
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O day, cac gia tri “Sai s6 RMS” trong bang 1 1a cac sai sb twong ddi, khong phan anh
sai s6 thyc clia cac thanh phan toa do diém. Dé xac dod én dinh cac thanh phan sai s6 diém,
trong moédul ADDNEQ2 c6 trinh bay chi tiét sai sd cac ngay do va sai sb trung binh cla
thanh phan toa dd véi phwong phap so sanh doc lap.

Bang 2: Gia tri sai sb thanh phéan céc diém do véi gidi phép so sanh doéc lap (mm)

Tram N E U
1 BJFS 0.87 1.53 5.95
2 DAEJ 2.09 2.32 5.02
3 HSC 2.01 3.06 4.01
4 LHAZ 1.44 1.58 4.89
5 N0O01 2.00 1.36 4.67
6 NTUS 1.42 1.71 4.85
7 PIMO 1.22 2.25 6.90
8 SHAO 0.89 1.77 4.64
9 TCMS 1.13 222 4.02
10 TNML 1.74 5.36 8.47
1 TWTF 1.04 1.46 3.86
12 WUHN 1.49 4.02 6.70

Bong thoi trong két qua binh sai gidi canh cudi cling dwoc tinh bang médul ADDNEQ2
c6 trinh bay sai s (RMS) clia tham sé chuyén dbéi Helmert véi 1 gidi két hop duoc thé
hién & hinh 7.
0.005 -
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0.006

0.005 — —
0.004 — —1

- 0.003 - -
0.002 4
0.001 —
0 AL

2, i
L R

giatii sai <0 mm]

u

-
:

ngay Jo
Hinh 7: Sai s6 (RMS) cia tham s chuyén déi Helmert véi loi gidi két hop
4. Két luan
Sau 18 ngay do két n6i v&i 11 diém IGS, toa do diém tram CORS (N001) tai Truong dai
hqc Mé - Dia chat dwoc tinh bang phan mém Bernese 5.,0 da 3<éc ,dinh dwoc toa do cua
diem NOO1 trong hé toa dé WGS-84 tf)eo khung,quy chié,u quég te [TRF-2008 ¢ ngay 4
thang 6 nam 2013, v&i sai s6 twong doi va sai s6 tham so chuyén doi Helmet voi 161 giai
két hop tinh trong 18 ngay.
(Xem tiép trang 57)
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