Nghién ctiu - Ung dung

GIAI PHAP TRAM THAM CHIEU AO CO PINH SU DUNG
MANG LUOI THAM CHIEU HOAT PONG LIEN TUC CORS
CUA VIET NAM

LAI DPUC TRUONG, DUONG THANH TRUNG,
PHAM MINH PUC, BUI NGQC QUYEN
Truwong Pai hoc Mo - Bia chdt Ha Néi

Tom tit:

Ngady nay cong nghé dinh vi toan cau sir dung réng rdi trong cong tac trac dia ban do, tir cong
tac thanh Idp lwdi khong ché cho dén do chi tiét thanh Idp ban do dia hinh, dia chinh. Phwong phdp
do twong doi dong thoi gian thue dwoce dp dung mét cach phé bién trong viée thu thap div liéu do
chi tiét. Po RTK sir dung mang hedi cdc tram tham chiéu thuong triee (NRTK) dang dweoe dp dung
v6i nhiéu wu diém nhw dam bdo tinh lién tuc, trén quy mé toan quéc va d chinh xdc én dinh ¢ cm.
Uu diém ciia cong nghé RTK dd dwoc chitng minh qua cdc nghién cieu va thir nghiém thuwce té. Tuy
vay, do RTK ciing c6 vin dé la chi do dwgc trong pham vi cia mang hedi, nhitng trieong hop & bién
va ngodi viing sé khong thiee hién dwoc. Dé khdc phuc van dé nay, bai bdo nay dé xudt giai phéap do
RTK ngoai viing bién NRTK dua trén nguyén 1y ciia ciia phiwong phdp VRS. Thuc nghiém duwoc tién
hanh & mot sé khu vuc ven bién cia Viét Nam véi mang luoi tram CORS. Két qud cho thcfy rdng
phirong phdp d@é xudt da khdc phuc dwoc tinh khéng phii trim ciia mang lwéi VNGEONET tai cdc

khu viee ven bién va bién giéi ma phwong phdp RTK thong thirong khong thé thuwce hién duwoc.

1. Mé dau

Ngay nay cong nghé dinh vi toan cau (GPS)
dudc sir dung rong rai trong cong tac tric dja ban
dd, tir cong tac thanh 1ap ludi khdng ché cho dén
do chi tiét thanh 1ap ban do dia hinh, dia chinh
(Pd Ngoc Puong va Pang Nam Chinh 2009,
Seeber, 2003), phuong phap do twong d6i dong
thoi gian thuc RTK duoc ap dung mot cach phd
bién trong viéc thu thap dit liu do chi tiét
(Takasu va Yasuda 2008). Tuy vay, RTK van c6
nhitng han ché nhét dinh nhu han ché vé khoang
cach truyén tin hi¢u lién tuc tir tram co s& (tram
Base) dén tram do (tram Rover). Trong khi d6
phuong phap do dong xir 1y sau (PPK) co thé
khic phuc van dé trén ctia phuong phap RTK.
Tuy nhién phuong phap PPK c6 nhitng nhuoc
diém khong kiém soat dugc do chinh xac vi tri
tam thoi diém do dac va do chinh xéac suy giam
khi ting dan khoang cach tir Base dén Rover
(Parkinon va Spikker, 1996). Pé nang cao do
chinh xéac do dac bang phuong phap PPK, mot s6

phuong phéap di dugc dé xudt nhu sir dung may
thu 2 tin dé han ché sai s6 do tang ion hoic sir
dung cac loai anten dac biét dé chéng nhiéu da
duong dan (Sunil va nnk, 2004). Tuy nhién, cac
giai phap trén lam tang gia thanh ctia may thu
GPS. Trong phuong phap nay, cac tram tham
chiéu thuong truc (CORS) duoc két ndi voi nhau
tao thanh mot mang ludi, mot ph?m mém tai may
chu d(‘Bng thoi thu nhan dir liéu tr tram CORS
thue té dé tinh toan, tao ra mot tram tham chiéu
ao g?m v6i tram do dac nhat nham khéc phuc do
suy giam d¢ chinh xac va thoi gian giai so
nguyén da tri do anh hudng ctua khoang cach tu
tram co dén tram do dac. Uu diém cia VRS da
duoc ching minh qua cac nghién ctu va thu
nghiém thyc té.

2. Cong nghé tram CORS (Continuosly
Operation Reference Station)

2.1. Khai ni¢m tram CORS

Tram CORS Ia hé théng tram tham chiéu lam
viéc lién tuc, ¢ thé duogc hiéu la mot hoac nhiéu
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tram tham chiéu GNSS (Global Navigation
Satellite System) van hanh lién tuc tai céac diém
¢ dinh, ung dung cong nghé may tinh hién dai
va internet truyén dir li¢u tao thanh mot mang
lu6i. Do c6 nhiéu thong tin tir nhiéu tram tham
chiéu truyén téi nén tai tram chu nguoi ta cod thé
x4y dung duoc mé hinh sé cai chinh vi phén tirc
thoi nhu 12 ham cta vi tri diém cac tram tham
chiéu. Trong mo h1nh nay, ngu’orl ta co thé xét t6i
mot so nguon sai s6 nhu sai s6 quy dao vé tinh,
sai s6 dong hd vé tinh, anh huong cua ting d6i
luu, tang dién ly, ...

Céac tram tham chiéu hoat dong lién tuc dugc
xdy dung bao dam cho mat do twong ddi dong
déu, khoang cach giira cac tram tham chiéu 1a
mot tham sb dic trung cho d6 chinh xac cua hé
théng. Vi tri cac tram tham chiéu s& duoc xac
dinh chinh xac trong h¢ thuc dung. Tai mdi tram
tham chiéu s& 1ap dit may thu GNSS da tan s6 d6
chinh xac cao va lién tuc thu tin hiéu v¢ tinh. Cac
tram CORS duoc két ndi voi tram chu (MS)
thong qua internet. Tram chti ¢6 nhiém vy xt 1y
va luu giit cac thong tin tir cac tram tham chiéu
guri t6i, ngoai ra cung cAp mot nén tang dé anh xa
chinh xac ting co sé ha téng voi dinh vi duoc
tiéu chuan hoa.

2.2. Hién trang vé xdy dung tram CORS &
Viét Nam

Viét Nam dang trong qua trinh xay dung ludi
GNSS/CORS Quéc gia. Hé théng nay cua Viét
Nam dugc thiét ké v6i muc tiéu 13 udi da muc
dich, dap tmg duoc nhiéu nhiém vu véi d6 chinh
xac khac nhau.

Hién nay, Cuc Po dac, Ban dd va Thong tin
dia ly Viét Nam dang thyc hién xay dung 65
tram GNSS CORS trén lanh thd Viét Nam véi
muc tiéu co ban va quan trong nhit 1a cung cép
dich vu s6 liéu hiéu chinh dé chinh x4c cao, phuc
vu cho tit ca cac ing dung xéac dinh vi tri va d?m
duong trong che d6 thoi gian thuc dya tren nén
tang truyén sd liéu qua Internet. Trong sd 65
tram dugc xdy dung néu trén c6 24 tram
Geodetic CORS, cac tram con lai 1a NTRK
CORS. 24 tram Geodetic CORS dugc xay dung

dua trén co so nang cép 6 tram DGNSS hién c6
cua B Tai nguyén va Moi truong va 18 tram
dugc xay dung méi. 6 tram hoat dong hién tai
cua B¢ Tai nguyen Va Moi truong phuc vu cong
tac phan gidi cim mdc bién gidi va phuc vu khao
sat, do dac bién va dan duong cho cac phuong
tién hoat dong trén bién. Ngoai ra, cac tram
DGNSS/CORS cua Bo Qudc phong co chirc
ning phat s hiéu chinh phén sai va vi phan phuc
vu khao sat, do dac bién va dan duong cho cac
phuong tién hoat dong trén bién va phuc vu cho
viéc xay dung h¢ quy chiéu, hé toa do quan su,
nghién cuu dia dong luc, danh gia hau qua do
tham hoa thién tai gay ra trong nuéce, khu vuc va
trén thé gioi, tham gia vao viéc khang dinh chu
quyén lanh tho va lanh hai cta dat nude (Duong
Thanh Trung, 2019).

Quiln din Hokag 5a

(Vign Naml

il G om
Hinh 1: So do6 65 tram CORS (Piém chdam tron)
va vung phu mang luéi VNGEONET

(Ving phu trong ndi tram CORS)
2.3. Viin d@é ciia mang ludi tram CORS

Mot trong nhitng muc tiéu cua viéc xay dung
mang lu6i tram CORS quéc gia 1a dé dam bao
tinh lién tuc viéc cung cdp s lidu cai chinh cho
do RTK & moi Iuc, moi noi véi dd chinh xac
déng déu, 6n dinh. Dé dam bao muc tiéu nay, dd
hinh mang ludi cac tram CORS phai rai déu, phu
trum trén toan quéc voi mat do khoang 50km co
mot diém tram CORS. Tuy nhién, trong thuc té,
do han ché vé mit kinh phi va do diéu kién vé vi
tri lép dat, d6 hinh mang ludi tram CORS khong
thé phu trim va dong déu trén pham vi toan
qudc, hé qua 1a ¢6 nhitng khu vyc ngoai bién ciia
mang ludi nhu khu vuc ven bién va doc duong
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bién gidi 1a khong thé phu tram (Hinh 2). Céac
khu vuc cu thé ¢6 thé ké dén nhu huyén Tién
Hai, Thai Binh, Thanh Phé Cam Pha tinh Quang
Ninh va khu vuc ven bién mién Trung. Mét khac,
& mot sd khu vue mat do cac tram CORS thua
lam cho tinh lién tuc, 6n dinh cua tram mang
ludi bi anh hudng khi do RTK tai cac khu vuc
nay nhu khu vuc phia Tay Bic B, khu vuc mién
Trung-Nam B§. Hinh 3 mo ta cac khu vuc mang
Iudt VNGEONET vura bi thua vira ¢6 khu vuc
ngoai vung phu. Tai cac khu vuc ngoai bién va
nhitng khu vuc thua tram nhu vy viéc do RTK
bi han ché rat nhiéu nhu khoéng thé nhan duoc sb
liéu cai chinh hoac nhan dugc nhung d6 chinh
xé4c khong 6n dinh. Khic phyc nhitng van dé nay
chinh 1a muc ti€u chinh cuia bai bao nay

Hinh 2b: Khu vuc mang luoi bi thua co khu
viee ngoai bién
3. Co s& toan hgc cia phuwong phap do
RTK ngoai khu vire mang luéi VNGEONET

3.1. Nguyén ly hoat dpng ciia mot mang lwoi
tram VRS

Gia thiét mang ludi cong nghé VRS bao gdm
n tram quy chiéu lién tuc thu cac tin hiéu tir cac
vé tinh. Cac dir li€u vé tinh thu duoc tir cac tram
tham chiéu duoc truyén vé Tram xir Iy trung tim
nho cac mang LAN, Internet Modem. Tram xu
1y trung tim tién hanh xtr 1y cac dit liéu vé tinh

theo céc baselines giita cac tram tham chiéu trén
co s¢ giai cac tri nguyén da tri theo cadc phuong
trinh hiéu kép cua tri do pha. Két qua xac dinh
tiép theo cac sb hiéu chinh khi quyén bao gom
tong ciia s6 hiéu chinh do anh huong cua tang
dién ly va s6 hiéu chinh do anh hudng cua tang
d6i luu. Cac s6 hiéu chinh khi quyén duge mo
hinh hoa boi mé hinh ndi suy tuyén tinh véi viéc
xac dinh dugc cac hé sb ciia mé hinh nho cac sb
hiéu chinh khi quyén da duogc xac dinh trén n
tram tham chiéu.

Tram Rover giri cac toa do gan dung cia nd
vé Tram xt Iy trung tdm nho cac dich vu GSM,
GPRS, 3G, ... Tram xir ly trung tam s¢& thiét 1ap
tram VRS gé”m khu vuc cua tram Rover dua trén
cac dit liéu vé tinh trén n tram tham chiéu va gui
cac dit liéu tinh toan dbi v4i tram VRS dén tram
Rover trong dinh dang chuan RTCM. Duya trén
cac dir liéu nhan duoc, tram Rover giai da tri va
xac dinh vector baseline gitta tram VRS va tram
Rover. Tur day xac dinh dugc vi tri cua tram
Rover.

H¢ théng tram VRS hoat dong dya trén
nguyén tac sau:

- Mang luéi phai c6 it nhat 3 tram tham chiéu
¢d dinh CORS. Cac tram nay két ndi dén mot
mang chu thong qua cac lién két truyén thong
(LAN, Internet hoac Radio Modem), Hinh 3.

Hinh 3: Tram tham chiéu do

- M6t hay nhiéu Rover hoat dong trong viing
bao phu cta mang ludi cac tram CORS. Céc
Rover nay giri vi tri twong ddi ctia nd vé trung
tam xir 1y s6 liéu. Cac s6 liéu vé vi tri twong ddi
clia Rover duoc giri bang cic giao thic truyén
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dir liéu trén dién thoai di dong nhu GSM hodc
GPRS. Pinh dang chuan cua dir liéu gui tur
Rover thuong la NMEA (Natinonal Marine
Electronics Association). Loai dinh dang nay c6
san ¢ hau hét cac may thu GPS.

- Trung tm x1r Iy phai duoc trang bi cac phan
mém c6 kha ning phan tich, tong hop cac dit liéu
thu duogc tir cac tram CORS va Rover nhu cac
phén mém GPSNet, GPServer hoac CRNet. Sau
khi nhan thong diép thong qua chuin NMEA tir
Rover, may chu trung tam s& gui lai tin hi¢u
RTCM tir trung tam xir 1y dit liéu dé cap nhat lai
vi tri ciia minh va tiép tuc guri vi tri méi cia minh
vé trung tam xu 1y dit liéu. Luc nay may chu
trung tam moi tinh toan cho ra tin hiéu hiu
chinh tham chiéu 4o ngay sat v6i Rover.

Mang luédi cac tram tham chiéu nay tao ra
mot tram tham chiéu ngay sat vi Rover, nhung
tram tham chiéu nay hoan toan khéng co thuc
nén tram nay goi la tram tham chiéu 4o.

3.2. Thudt todn tao ra tram VRS

Gia sir tram RTK gan nhat may di dong duoc
chon 1a tram A, dwa vao cac vecto dia tam ¥, va
¥, cac khoang cach hinh hoc P} vai tung vé tinh
i tinh dugc nhu sau:

Pi=|lx, — x| (1)

Sau khi nhan duoc toa dd gﬁn ding
(X yoirenar) Tt may di dong (U), trung tdm tinh
cac khoang cach hinh hoc (P, .,.;) to1 nhiing
vé tinh nhin thiy theo biéu thtc sau:

P;:'_-_-;.-_-:‘-‘-‘._- = ||’\': - ""L'.:‘:r:u.:.' | (2)
Va xé4c dinh chuyén dich ap° ddi voi timg
cap khoang cach hinh hoc:
AP‘ = PA Z P[:,-'.:':l'r‘m' (3)

Ap* 1a khoang cach hinh hoc gan diing vi cac
vi tri vé tinh ddi véi tram quy chiéu 40 chua
duoc xac dinh. Khoang cach gia ngau nhién ao
(PR, .. reuar) duoc xac dinh 1a khoang cach gia
ngau nhién chuyén dich tai tram RTK gan nhat
va c6 thé coi nhu 13 hiéu giita cac khoang cach
hinh hoc P! va (P}, .u.;) clia tram RTK gan
nhat vi tri gan dung cia nguoi sir dung (biéu

thie 1). Sau khi ¢6 cac khoang cach gia ngau
nhién do thi cac vi tri v€ tinh do6i voi tram quy
chi€u 4o ciing co6 thé tinh duogc.

Hiéu hinh hoc sau d6 dwoc tinh lai trén co s&
cac vi tri vé€ tinh dugc cdp nhat va cac tri do
chuyén dich tram quy chiéu d0. Céc biéu thic 4,
5 va 6 cung cip thong tin do pha song mang

O siveiia) Vé} khgéng cach gia ngau nhién ao
(PR reunis) tAn sO L1.

Ap* =P} - Pjireucs 4

O ireuates = 84 + L ap* (5)

PR}, ireuarns = PR + Ap' (6)

Trong d6 8; va PRr}.cac tri do tuong Uing tai
tram S. C6 thé 4p dung cac phuong trinh twong
tu nhu trén dé tao ra cac tri do L2.

Tat ca cac thuat toan nodi suy déu co thé ap
dung dugc dé noi suy hiéu chinh VRS nhung
phan 16n cac phan mém mang RTK thuong mai
déu st dung ndi suy tuyén tinh. VRS yéu ciu
truyén dit liéu hai chiéu lién tuc, tir may di dong
to1 trung tdm va nguoc lai. Trong mang ludi gitra
cac tram RTK tir 70 - 80 (km) 1a dam béao diéu
kién chinh xac dinh vi tri chinh xac. Thuat toan
baseline tram don dugc ap dung dé xac dinh vi
tri may di dong, do d6 khong can nang cép hay
cai dat phan mém bd sung. Trong khi d6, néu di
chuyén qua xa (mot vai km) so v6i vi tri ban dau
thi pha1 dang ky lai v6i trung tam. Néu khong s&
xuit hién sai sé vi tri khong bo qua dugc. Dé
khéc phuc han ché nay, mot phan mém “day” toa
d6 tram quy chiéu 4o di khoang 4 - 5 (km) so voi
vi tri gan dung ban dau do may giri dén.

4. Po kiém tra d chinh xac VRS tai cic
moc chuan

Cong tac thuc nghiém duoc tién hanh trén
céc diém toa do nha nude, khu vuc quan Bic Tu
Liém Thanh phé Ha Nbi va khu vuc Tién Hai,
tinh Thai Binh. Viéc thuc nghiém dugc tién hanh
céac hang muc do kiém tra d6 chinh xac VRS tai
cac moc chuan. Trong thuc nghiém nay, ching
t6i str dung phuong phap tinh trung binh két qua
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do dac.

Thiét bi do dac dé thir nghiém bao gdm 2 may
thu GPS: Aitogy — Ainav-C290, Aitogy. Ainav la
dong may thu GPS dugc phat trién boi cong ty
Aitogy., JSC (Trung tdm nghién ctru tric dia
cong trinh kiém dinh) duya trén Chipset ciia hing
U-blox, Thuy Sy (Hinh 5) chirc nang do dac.

Hinh 4: Mdy thu GNSS Ainav-C290 va Ung
dung di dong Ainav

Dé tién hanh thyc nghiém, danh gia do chinh
xac phuong phap do VRS ngoai bién, chung toi
tién hanh do thuc nghiém tai Ha Noi va viing ven
bién tinh Thai Binh Hinh 5. Tién hanh do RTK
v6i cong nghé tram ao bang may Ainav C290
vao 5 diém méc toa dd Qudc gia. Két qua do sau
d6 dugc so sanh toa do da biét cua cic diem. Do
léch gitra toa do géc va toa do do phan anh do
chinh xéc ctua cong nghé do RTK véi giai phap
VRS. (Xem hinh 5, bang 1, 2, 3, 4, 5)

Hinh 5: Khu vuee do kiém nghiém tai Thai Binh
va Ha Noi

Két qua toa do tung mbe duge chuyén vé hé
toa ¢ VN2000 Kinh myén truc 105°30° voi khu
vuc Thai Binh va 105°00° v4i khu vuc Ha Noi,
mui chiéu 3° va so sanh véi toa do cac diém mébe
chuan, két qua néu trén. Tir két qua trén cho sai
sd trung phuong gitta do bang VRS véi cac mbc

chuan nam trong khoang 2-5cm vé mat bang,
khoang 5 cm vé do cao. Khi cac diém do cang xa
tram tham chi€u 4o thi sai s6 cang lon.

5. Két luan

Ttr nhitng két qua nghién ctru, chung t6i rit ra
két luan sau:

Phuong phap do RTK sir dung hé thong
VNCORS c6 thé ap dung tdt trong viéc thu thap
dir lidu do chi tiét thanh 1ap ban d6 ty 1¢ 1on. Tuy
nhién phuong phap nay c6 han ché nhat dinh dbi
v6i cac khu vue mang ludi thua hodc ngoai ving
phu cta mang ludi. Véi giai phap tram a0 cb
dinh cho phép do RTK ngoai vung phu cta cia
mang ludi VNCORS voi khoang cach 1én toi
20km.

Mic du c6 thé do ngoai ving phu ciia mang
luwoi VNCORS, d9 chinh xac 161 giai RTK bi suy
giam khi khoang cach tir may do dén tram ao c6
dinh cang xa.O
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Bang 1: Toa do géc khu vue Ha Noi va Thai Binh

Hé toa d9 VN-2000, kinh tuyen truc 105 00', mui chieu 3, cao @9 Hon Dau-Hai Phong)

TAP CHi KHOA HOC DO DAC VA BAN DO SO 45-9/2020

iagd Toa d6 (m) Cao d¢ (m) T
TT | Ten diem X Y h Ghi cha
1| 104548 2332590.897 581018.698 7.977 Diém DCCS
2| GPSC 2329085972 581381351 6.759 Diém GPS
3| GPSD 2330690.946 581501.441 8.318 Biem GPS
4| GPSO 2330574.866 582444.075 7.232 Diém GPS
5| GPSE 2330440992 581632.527 7.255 Diem GPS
6| DC43 2337324.461 579767.835 11.085 Diem GPS
Hé toa d§ VN-2000, kinh tuyén tryc 105 30, mii chiéu 3, cao 46 Hon Dau-Hai Phong)
. 2 Toa do (m) Cao do (m) .
STT | Tén di = : Ghi ch
en diem _x Y h chua
1 | 130426 2256918.522 612533.676 2.075 Diem DCCS
2 130428 2252590.873 605759.826 0.973 Diem BCCS
3 | 130429 2253283.347 611456.616 4.468 Diém PCCS
4 | 130430 2250672.814 606725492 0.868 Diém PCCS
5 130431 2250791.102 610388.701 1.205 Piém PCCS
Badng 2: Toa do va do chinh xac do VRS khu viec Ha Noi voi khoang cach 10km
Bang toa d goe Bang toa dg do bang VRS
R 5 4 Sai s6 vi tri diém (m
STT | Sé hiéu diém Toa d§ (m) Caodg Toa d (m) Cao d¢ i (m)
(m) (m)
X Y h X Y h mX mY mh mP
1 104548 2332590.897 | 581018.698 | 7.977 | 2332590.922 | 581018.724| 8.014 | -0.025| -0.026| -0.037| 0.036
2 GPS C 2320985.972 | 581381.351 | 6.759 | 2320085.047 | 581381.325| 6.731| 0.025| 0026| 0028| 0.036
3 GPSD 2330690.946 | 581501.441 | 8318 | 2330600.969 | 581501.415| 8280 | -0.023| 0026| 0029| 0,035
4 GPS O 2330574.866 | 582444075 | 7.232 | 2330574.887 | 582444,108| 7.253 | -0.021| -0.033| -0.021| 0.039
5 GPSE 2330440.992 | 581632.527 | 7.255 | 2330441.021 | 581632.556| 7.201| -0.029| -0.020| -0.036| 0.041
6 DC 43 2337324.461 | 579767.835 | 11.085 | 2337324.483 | 579767.865| 11.116 | -0.022| -0.030| -0.031| 0.037
Bang 3: Toa do va do chinh xac do VRS khu viec Thai Binh voi khodng cach 10km
Bang toa d§ goc Bang toa do do bing VRS .
R o B Sai so vi trf diém (m
T $6 hiéu Toa d¢ (m) Cao dg Toa 4§ (m) Cao dg ' @)
(m) (m)
X Y h X Y h mX mY mh mP
1 130426 2256918.522 | 612533.676 | 2.075| 2256018493 | 612533.648 | 2.050| 0.0290| 0.028| 0.025| 0.040
2 130428 2252590.873 | 605759.826 | 0973 | 2252590.902 | 605759.852 | 1.002| -0.029| -0.026 | -0.029 | 0.039
3 130420 2253283.347 | 611456.616 | 4468 | 2253283371 | 611456.645 | 4.494| -0.024| -0.029| -0.026 | 0.038
4 130430 2250672.814 | 606725.492 |  0.868 | 2250672786 | 606725.471| 0.843| 0.028| 0.021| 0.025| 0.035
5 130431 2250791.102 | 610388.701 | 1205 | 2250791131 | 610388.730 | 1.234 | -0.020| -0.029| -0.029 | 0.041
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Bang 4: Toa do va do chinh xac do VRS khu viec Ha Noi voi khoang cach 20km

Bang toa d§ goc Bang toa d§ do bing VRS e
STT | S6 hiéu diém Toa 6 (m) Cao d§ Toa a9 (m) Cao dg Saiso vl diem (m)
- (m) (m)
X Y h X Y h mX mY mh mP
1 104548 2332590.807 | 581018.698 7.977 | 2332590942 | 581018.739 7.032 | -0.045| -0.041 0.045 0.061
2 GPS C 2329985.972 | 581381.351 6.759 | 2329985927 | 581381.308 6.798 0.045 0.043 | -0.039 0.062
3 GPSD 2330690.946 | 581501.441 8.318 | 2330690.991 | 581501.402 8.364 | -0.045 0.039 | -0.046 0.060
4 GPS O 2330574.866 | 582444.075 7.232 | 2330574908 | 582444117 7.187 | -0.042| -0.042 0.045 0.059
5 GPSE 2330440.992 | 581632.527 7.255| 2330441.038 | 581632.571 7.204 | -0.046| -0.044| -0.039 0.064
6 DC 43 2337324461 | 579767.835 | 11.085 | 2337324.503 | 579767.878 | 11.126 | -0.042| -0.043| -0.041 0.060

Badng 5: Toa do va do chinh xac do VRS khu viec Thai Binh voi khodng cach 20km

Bang toa d goc Bang toa d6 do bang VRS .
- 9 a Sai 50 vi tri diém (m
T $6 hiéu Toa d§ (m) Cao gy Toa 4 (m) Cao do ' @)
(m) (m)
X Y h X Y h mX mY mh mP
1 130426 2256918.522 | 612533.676 2.075| 2256918487 | 612533.045 2027 0.035 0.031 0.048 0.047

130428 2252590.873 | 605759.826 0.973| 2252590919 | 605759.870 1016 | -0.046| -0.044 | -0.043 0.064

(3]

3 130429 2253283.347 | 611456.616 4468 | 2253283381 | 611456.651 4505 | -0.034| -0.035| -0.037 0.049
4 130430 | 2250672.814 | 606725.492 | 0.868 | 2250672.766 | 606725.444 | 0.825| 0048| 0048| 0043| 0.068
5 130431 | 2250791.102 | 610388.701 | 1.205| 2250791.147| 610388.742 | 1250| -0.045| -0.041| -0.045| 0.061
Summary

Solutions of fixed virtual reference stations using network of continuously operating refer-
ence stations of Vietnam

Lai Duc Truong, Duong Thanh Trung, Pham Minh Duc, Bui Ngoc Quyen.
Hanoi University of Mining and Geology

Today, Global Navigation Statellite System(GNSS) technology is widely used in surveying, from
the establishment of control network to collecting measurements of topographic and cadastral maps.
Real-time kinematic positioning (RTK) technology is commonly used for collecting geographical
data. RTK technology using a network of permanent reference stations (NRTK) is being applied with
many advantages such as ensuring continuity, on a national scale and stable accuracy of centimeter.
The advantages of RTK technology have been proven through research and practical tests. However,
such technology also has the problem that it can only be measured within the network's range, out
of the region will not be possible. To overcome this problem, this paper proposes solutions for RTK
measurement outside the NRTK boundary area based on the principle of fixed Virtual Reference
Station. Experiments were conducted in some coastal areas of Vietnam with the network of CORS.
The results show that the proposed method overcomes the lack of coverage of the VNGEONET net-
work in coastal and border areas that conventional RTK method cannot implement.Q
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