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Subsidence value is one of the important parameters to evaluate the
stability of open pit mine slope. The subsidence is determined from height
values measured at different times using different methods and
equipment. When applying GNSS/CORS technology to monitor
displacement, landslides, ground subsidence or structures, a specialized
monitoring system is needed to ensure the necessary accuracy. This article
presents the results of research on subsidence monitoring of open pit mine
slope based on CORS technology and a self-developed GNSS receiver. The
CORS station is set up with Trimble's Zyphir 2 Geodetic antenna and
Stonex GNSS receiver located in Cam Pha city, Quang Ninh. The GNSS
receiver for monitoring station is designed and developed based on the
Trimble's GNSS BD970 board and integrated with a 4G wifi modem,
allowing the transmission of monitoring data in standard NMEA0183
format to the CORS station's host computer. Decoded monitoring data and
error filtering have improved the accuracy of height determination
achieved at the mm level. Results of simulation experiments and
experiments with actual monitoring data at Coc Sau coal mine, Cam Pha,
Quang Ninh have proven the effectiveness and reliability of the method.
With simulated experimental monitoring results, it shows that the largest
subsidence difference is 16 mm and the smallest is 6 mm.
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Gid tri do Itin la mét trong nhitng thong SO quan trong dé ddnh gid dé on
dinh bé mé 1§ thién. B lin dworc xdc dinh tir cdc gid tri do cao dwoc do &
nhiing thoi diém khdc nhau bdng nhiing phwong phap va thiét bi khdc
nhau. Khi trng dung cong nghé GNSS/CORS dé quan trdc chuyen dich, truwot
I6 ddt dd, do lin mdt dat hodc cac cbng trinh can c6 mét hé thong quan
trdc chuyen dung dé dam bdo vé d6 chinh xdc cdn thiét. Bai bdo nay trinh
bay két qud nghién citu quan trdc dé Itin bé mdt bo mé 16 thién dwa trén
cong nghé tram CORS don va by thu GNSS tw thiét ké phdt trién. Tram CORS
dworc thiét lap vdi ang ten Zyphzr 2 Geodetic ctia Trimble va by thu GNSS
ctia hdng Stonex ddt ¢& thanh phd Cdm Phd, Quang Ninh. B thu GNSS clia
tram quan trdc dwoc thiét ké phdt trién dwa trén bo mach thu tin hiéu vé
tinh GNSS BD970 ctia hdng Trimble (My) va duwgrc tich hop véi modem Wlf
4G cho phep truyen dit liéu quan trdc theo dinh dang tiéu chudn
NMEA0183 vé may tinh chii ctia tram CORS. D liéu quan trdc duoc glal
mad va loc sai s6 dd ndng cao dé chinh xdc thanh phin dé cao dat dwoc &
murc mm. Két qua thurc nghiém mo phdng va thuc nghiém véi s6 liu quan
trdc thuc té & mé than Coc Sdu, Cdm Phd, Qudng Ninh dd chwng minh dugc
tinh hiéu qud va do tin cdy cua ctia phirong phdp. Véi két qud quan trdc
thurc nghiém mo phéng, cho thdy chénh léch dé lin I6m nhdt la 16 mm va
nhé nhdt Ia 6 mm.
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1. M¢é dau

Trwdc day, viéc quan trac do lin cac cong
trinh néi chung va do 1in bé mat bor mo ndi riéng
thuwdng dwoc thuc hién bang phwong phap do cao
hinh hoc hodc lwgng gidc véi viéc st dung cc thiét
bi do dac truyén théng nhw may thdy chuin, may
kinh vi, may toan dac dién tt. Ttr khi c6 cong nghé
GPS, n6 di dwoc rng dung dé quan tric chuyén
dich bién dang céng trinh. Cong nghé GPS v&i
phwong phap dinh vi vi phan DGPS da dwoc trng
dung dé€ quan tric do lan coéng trinh nha cao ting
(Wanvannk, 2012; Khoo vannk., 2010). Wang va
nnk. (2011), Liu va nnk. (2012) da rng dung céng
nghé GPS dé quan trac do ltn bé mat dat do anh
hwdng clia khai thac mé than & Trung Quéc. Cac
nghién ctru ndy da chirng minh rang do cao tric
dia dwoc do bang hé thdng dinh vi toan cau GPS c6
thé dwgc ap dung truc tiép dé theo doi tinh trang
sutlin bé mat dit & mé than. Viéc quan trac do lin
clia cong trinh bang cdng nghé GPS chi yéu van 1a
str may thu mét tin s, thu tin hiéu vé tinh ctia hé
thong dinh vi toan ciu GPS cta My véi viéc bo tri
mdt mang luéi cac diém quan tric va do theo tirng
chu ky. Ngay nay, v&i sy phat trién cia cong nghé
GNSS (Global Navigation Satellite System), hau
hét cac qudc gia trén thé gidi déu xay dung mang
lwdi cac tram CORS (Continuously Operating
Reference Station) lam co s& ha ting khéng gian
quoc gia. Khi d6 phwong thirc do dong xtr 1y tirc
thoi RTK (Real Time Kinematic) dwgc tng dung
rong rii trong linh vurc tric dia ban dd va quan trac
chuyén dich bién dang cong trinh. Trong nhitng
nam gan diy cong nghé GNSS véi nhirng wu diém
vuot tréi, da dwoc ng dung rong rai va cé hiéu
qua trong viéc quan trac chuyén dich cong trinh,
sut lan bé mat dat,... V&i cong nghé GNSS viéc
quan trac d6 1un nha cao ting di dwogc thuc hién
béi Quesada-Olmo va nnk. (2018). Trong cong
trinh nghién ciru nay cac tac gia da thiét 1ap mét
tram CORS 1am tram tham chiéu va bén tram quan
tric dat trén dinh clia toa nha cao tAng. Gao va Hu.
(2009) da tng dung cong nghé GNSS CORS vai
phwong thirc do dong x¥ ly tirc thoi RTK dé quan
trac do lun trong mot khu vee nhé cia mot viing
khai thac rong 16m. Dic biét, d€ quan trac do lin
mat dat & khu vuc khai thdc mo trén dién rong,
Bian va nnk. (2014) da &ng dung cong nghé GNSS
xay dung mdt mang lwdi cac diém quan tric két
néi dén cac diém ctia mang lwdi IGS toan ciu.

Nghién ctru nay cung cdp mot cach ti€p cin hiéu
qua va chinh x4c d€ quan trac do ldn bé mat dat
trén dién rong va do chinh xac quan trac do lun c6
thé dat dén c& mm. Trong cong trinh nghién ctiru
nay cac tac gia da st dung dir liéu cia tram CORS
va phan mém x ly Gamit/Globk dé xac dinh dwoc
chuyén dich ding (d6 ltn) bé mat dit véi toc do
tlr -5,9+-6,2 mm/nam. Tuy nhién nghién ctru nay
chi img dung khi quan tric do lin bé mat dit trén
pham vil¢n. D€ phat hién sw chuyén dich ctia cong
trinh, Nan va nnk. (2022) da &ng dung céng nghé
GNSS v&i phwong thirc do dong xtr ly tirc thoi RTK
lién tuc trong thoi gian dai va str dung phép suy
ludn cta Bayet dé tach ra thanh phan chuyén dich
trong chudi tri do. Bao va nnk. (2023) da trng dung
cong nghé mang lwdi GNSS CORS trong quan tric
chuyén dich, trwot 1& dat da theo thoi gian thuc
véi ki thuat dinh vi xtr ly tire thoi RTK. Nghién ciru
cho thay rang véi ky thuat dinh vi RTK thi sai s&
trung phwong di€ém quan trac vé mit bang 1a 1,7
cmvado caola 3,9 cm. Wang vannk. (2022) da st
dung tram tham chiéu do VRS thay thé tram tham
chiéu vit ly trong viéc phat hién chuyén dich,
truot 1& dat da. Két qua thwe nghiém cho thiy do
chinh x4c quan trac bang tram tham chiéu 4o VRS
kém hon mét chit so véi tram tham chiéu vat Iy,
tuy nhién khi xtt Iy bang phwong phap chu ky ctra
s0 trwot thi o chinh xac la twrong dwong nhau.
Trong nhitng ndm gin diy, viéc phat trién
may thu GNSS c6 d6 chinh xac cao, chi phi thip dé
rng dung trong cac cong tac tric dia ban do dwoc
nhiéu nha khoa hoc tric dia quan tAm. Takasu va
Yasuda. (2008) da phat trién dwoc mét may thu
GNSS vai chi phi thip co6 thé st dung dé do theo
phuwong thirc do dong xir ly tic thoi RTK
Trajkovski va nnk. (2010) da nghién ctru phat
trién mot thiét bi dinh vi dwa vao cam bién c6 do
nhay cao dé do trong nhitng diéu kién khong
thuén lgi. Lee (2010) da tich hop dwoc thiét bi
dinh vi GNSS v&i cdm bién INS dé do RTK dat do
chinh xac cao véi canh co s& dai. Jinsang va nnk.
(2012) da nghién ciru phat trién dwoc mot loai
may thu GNSS v&i chirc nang do RTK két ndi véi
tram CORS. Hwang va nnk. (2012) da t6i wu viéc
tich hop thiét bi dinh vi GNSS véi gia tdc ké dé tao
ra mot thiét bi tng dung trong trong quan trac
dich chuyén bién dang cong trinh. Wisniewski va
nnk. (2013) da phat trién mét loai may thu GNSS
c6 chi phi thap dwa trén cong nghé chip cta U-blox
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va khdo sat cac phwong phap dinh vi khac nhau
dwa trén phan mém ma nguén mé RTKLIB.

Nhw vay, xu hwéng ¢ng dung cong nghé
GNSS/CORS va may thu GNSS tw phét trién dé
quan trac do lin cong trinh 13 huwéng tiép cAn méi
dwoc nhiéu tic gia trén thé gi¢i quan tim. Tuy
nhién, viéc rng dung céng nghé nay trong quan
trac chuyén dich bién dang cong trinh néi chung
va quan trac lin bé mat ting khai thac & cic md 16
thién Viét Nam néi riéng van con han ché, do chwa
c6 thiét bi quan tric dong bo véi tram CORS. Chua
c6 nhiéu nghién ctru vé quan trac chuyén dich bién
dang cong trinh dwa trén cong nghé GNSS/CORS.

Bai bdo nay trinh bay mot két qua nghién ctru
trng dung cong nghé GNSS/CORS va may thu GNSS
tw thiét ké&, phat trién dé quan trac do lin bé mat
tAng khai thac & 10 thién.

2. Phwong phdp nghién ciru

2.1. Thiét ké, xdy dung hé théng quan trdac dé
Iliin dwa trén cong nghé GNSS/CORS

Hé th6ng quan tric chuyén dich dirng (d6 1an)
dwa trén cong nghé GNSS dwoc nghién cty, thiét
ké xay dwng gbm c6 hai phan chinh (Pham va nnk.,
2020). Phan thir nhat la hé thong tram tham chiéu
hoat dong lién tuc (CORS) va phin thir hai 1a hé
théng tram quan tric (Hinh 1).

Chirc nang cta hé thong tram CORS la cung
c4p s6 cai chinh vi tri cho tram quan trac, xt ly s&
liéu cla mang lwéi do dong xi ly tire thoi RTK,
hiéu chinh s6 nguyén da tri cia toan mang lwéi
tram CORS, thiét 1ap mo hinh cai chinh sai s6 ting
déi Iwu, tAng dién ly va quy dao vé tinh.

Hé théng tram quan tric gobm c6 cac thanh
phén chinh 1a dngten GNSS (7), b6 thu GNSS (8) va
b6 phat wifi 4G (9), &c quy (10), bd ddi nguon dién
(11), pin nang lwong mat troi (12). Trong cac
thanh phan ctia tram quan tric thi b thu GNSS da
dwoc nghién ctu phat trién bdi Pham va nnk.
(2021). Tuy nhién, trong nghién cttu nay, bo thu
da dwoc cai tién, nang cap dé tich hop dwoc voi
modem wifi 4G (5G) cho nén viéc truyén dir liéu
t6t hon. B thu GNSS dwoc thiét ké phat trién dua
trén bo mach thu nhan va x ly tin hiéu vé tinh
BD970 cta Trimble (Hinh 2a) va dworc tich hop
trén bo mach két néi (Hinh 2b) dé tao thanh
module thu tin hiéu vé tinh GNSS BD970 (Hinh
2c).

Module GNSS BD970 c6 thé thu dwoc 220
kénh ctia cac vé tinh trong hé thdng vé tinh dan
dwong toan cau GNSS. D6 chinh x4c dinh vi RTK 1a
8 mm+1 ppm vé mitbang va 15 mm+1 ppm vé do
cao v&i khoang cach dinh vi khéng qua 30 km
(https://oemgnss.trimble. com/).

Hé thong vé tinh din dwémg todm cim - GN5S
& . -l o
--.E"-,:__ =5 i - 3
[ Hé thing tram guan fri ]
— UPS Ngudn dién
Angten ingt
- CORS . JL_'“ - . Bithu
B J GNSs Miy chi 5% (8) GNss Bodsi
- e nguon dien
I I.-’?\.I 2 : A quy e

=
1) Modem Wifi . (11)
s P | L

- o RTCM :_.III:I )
m . NTRIP E s P - =
Bd thu . NMEA #—~ B phdit I":I_z/:
CORS GNSS (2) wifiéG
Pin ning leong
f = mat tri
[ Tram tham chiéu hoat djng litn e - CORS

Hinh 1. Sor db hé théng quan trdc dé lin dwa trén céng nghé GNSS/CORS.
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Hinh 2. Module thu tin hiéu vé tinh GNSS BD970.

Module nay c6 mot cong mang LAN Ethernet

qua dé6 c6 thé két néi véi modem wifi dé truyén div
liéu quan trac vé mdy tinh chu theo dia chi IP va
cong nhin dir liéu di dwgc mé trén modem.
Module GNSS BD970 két hop véi mot sé6 module
khac dwoc két noi véi nhau tao thanh bo thu GNSS
(Hinh 3a) cho hé thdng tram quan tric (Hinh 3b).
B0 thu nay c6 thé nhan so cai chinh tir tram
CORS theo cac dinh dang tiéu chuidn CMR, CMR+,
SCMRX, RTCM 2.1, 2.2, 2.3, 3.0, 3.18 va n6 c6 thé
xuitradirliéu & dinh dang tiéu chudn NMEA0183.
Dé quan ly hoat dong clia tram quan tric, cai

dat cac thong s6 ki thuat cho hé thdng quan tric,
nhdn va quan ly dit liéu tir may thu GNSS, mot
phin mém chuyén dung da dugc thiét ké, xay
dung bang céng cu 14p trinh Visual Studio 2019 c6
tén la Server GNSS CORS WDM (Pham va nnk,
2023) va dwoc cai diat & may tinh chud cia tram
CORS. Phan mém nay dworc thiét ké véi nhiéu tinh
niang nhw hd trg' quan ly nhiéu tram quan tric
cung mot ldc, ho tro truyén s6 liéu quan tric qua
giao thitc NTRIP, hd tro thiét 1ap hé thong két noi
. e

(a) B6 thu GNSS
Hinh 3. B thu GNSS va hé théng tram quan trdc.

(b) Hé théng tram quan tric

v&i tram CORS, cung cip thong tin trang thai dinh
vi trén man hinh hién thi, cai dat chu ky d4u tién
cho tram quan tréc, quan Iy va xtt ly dit liéu quan
trac, 1ap bao co két qua quan tric.

2.2. Xir ly di¥ liéu quan trdc dé liin bang céng
nghé GNSS

2.2.1. Dinh dang di¥ liéu quan trdc Iin

C6 nhiéu dinh dang dir liéu dwgc phat trién
trong dinh vi vé tinh cho cac muc dich khac nhau,
chang han nhw @€ truyén vi tri dinh vi GPS gitta cac
thiét bi dién t& hodc gitta cac may thu GNSS,
truyén so hiéu chinh vi tri tir tram tham chiéu dén
cac may thu Rover. Hién nay, Hiép hoi Dién ti
Hang hai Quéc gia cia My (National Marine
Electronics Association - NMEA) da dé xuat mot
tiéu chuln lay tén 1a NMEA dé dinh dang thong tin
hé théng dinh vi toan ciu GPS hodc hé thong vé
tinh dan dwong toan cau GNSS (http://www.
nmea. org). Tiéu chudn NMEA c6 nhiéu phién ban
khac nhau nhwng tiéu chudn NMEA-0183 dwoc st
dung rong rai nhit. NMEA st dung mi tiéu chuin
ASCII, mdi tin nhin theo chuin dinh dang NMEA
bat dau véi ky tw “$” va két thuc bang ky tw “*”, s6
ky tw trong mot tin nhan khéng lém hon 80. Théng
tin trong mot tin nhan véi nhitng ki€u khac nhau
va dwoc ngan cach bédi dau phay (,), sau d6 dén
thong tin vé thoi gian, toa dd mat bang, do cao,
trang thai dinh vi.

Tiéu chuidn NMEA gbdm c6 nhiéu tin nhan,
ching han nhu GNGGA, GPGST, GNGLL GNGSA,
GNGSV, GNRMC, GNVTG, GNZDA,... Mot sé tin
nhan NMEA c6 thé chira cic treong dit liéu gidng
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nhau hodc cé thé chira dit liéu théng bao khac
nhung c¢6 Kkich thwéc nho hon. Trong cac loai tin
nhan theo tiéu chudn NMEA, c6 hai tin nhin quan
trong nhat khi dinh vi d6 1a GGA va GST.

Tin nhan GGA 1a tin nhan dugc st dung phd
bién nhit, né bao gdbm cac théng tin vé thoi gian
UTC, vi dd bac hodc nam, kinh d6 dong hoic tay,
chi s6 chatlwong dinh vi, s6 lwong vé tinh dwoc st
dung, d6 suy gidm do chinh xac mit bang, cao do
dng ten so v&i mat Geoid, don vi d6 cao ang ten,
khodang cach gitta mat ellipsoid trai dat WGS-84 va
mat Geoid, don vi khoang cach, mi kiém tra chudi
tin nhan g ve.

Tin nhan tri do GST chi¥a cac thong tin vé thoi
gian hiéu chinh vi tri, phan dw cia khoang cach gia,
gia tri ban truc 1én cua ellip sai s, gia tri ban truc
nho cia ellip sai s6, goc dinh huéng ctia ban truc
16m cua ellip sai s6, gia tri sai s theo truc Y, gia tri
sai s6 theo truc X, sai s6 dd cao, ma kiém tra chudi
tin nhan giri ve.

Chi s6 chat lwgng dinh vi RTK theo cong nghé
CORS c6 6 mirc d6 khac nhau ttr mirc 0 dén mirc 5.
Khi dinh vi theo phwong thirc CORS/RTK néu chi
s6 nay & mirc 4 thi c6 nghia 12 tri do nay da dwoc
hiéu chinh tir tram CORS va ngui do sé lay gia tri
toa do nay trong chudi tri do GGA. K&t hop v&i sai
s6 dinh vi thé hién trong chudi tin nhin GST, sé
chon dwoc nhitng toa dé dinh vi tét nhit.

2.2.2. Phwong phdp xtr ly dir liéu quan trdc do lin

Dit liéu quan trac d6 lun dwa trén cong nghé
GNSS/CORS nhin dwoc theo dinh dang tiéu chuin
NMEA0183 cin dwgc xtr ly d€ nang cao do chinh
xac ctia két qua quan trac. Trong dit liéu quan trac
d6 lan c6 nhiéu loai tin nhan khac nhau nhung cé
hai loai tin nhan 1a GGA va GST c¢6 chira cac thong
tin vé toa do va do cao cling nhw sai s cia n6. Dua
trén cac théng tin nay sé loc dwoc nhitng tri do tét
nhit.

Qua trinh xtr Iy dit liéu quan trac do ltn dwoc
tién hanh qua cac budrc sau:

1) Kiém tra tinh toan ven ctia cdc théng tin trong
chudi tin nhdn tri do

Cac dong tin nhan tri do theo dinh dang
NMEA0183 dugrc truyén tir tram quan trac vé may
tinh chtl qua giao thirc NTRIP c6 thé bi 16i dan t&i
thong tin khong day du. D& loai bo nhitng dong tin
nhan ndy can phai kiém tra tinh toan ven ctia n.
Néu trong cac tin nhan nay khéng diy du cac

thong tin thi s& loai bd cac dong tin nhén tri do nay.
DE kiém tra tinh toan ven cda cac thong tin trong
chudi tin nhén tri do cAn phan tich tit ca cac ky tw
trong chudi tir ky tw “$” dén ky tw “*”, sau dé 4p
dung thuat toan thao tic bit bat dau tir ky tw dau
tién dén ky tw tiép theo cho dén khi két thiic chubi
dé nhan dwoc ma phan tich chudi méi. Ma phan
tich chudi nay dem so sanh v&i ma checksum guri
kém trong tin nhan. Néu hai ma checksum nay
giéng nhau, thi dong tin nhan tri do nay sé& duoc
chap nhan.

2) Loc nhikng tin nhdn cé toa do va dé cao da duoc
hiéu chinh ttr tram CORS.

Tri s6 toa d6 va d6 cao nhan duoc trong chubi
tin nhan GGA c6 chi s6 bao chat lwong phép do
GNSS khac nhau va dwoc danh so tir 0+5. Khi chi
sO bao chat lwong & mic 4 thi tri do nay da duoc
dworc cai chinh vi tri tir tram CORS va cho chit
lwong tot nhat. Khi dé cac gia tri toa do va dé cao
trong dong tin nhan nay duorc tach ra dé st dung
cho viéc tinh do lan.

3) Loc nhi¥ng tin nhdn tri do cé sai s6'vi tri nhé nhdt.

D& dam bao yéu ciu do chinh xac trong quan
trac do 1an thi chi nhitng tin nhan ¢4 toa d6 va do
cao da dwgc hiéu chinh nhung tir tram CORS va ¢6
sai s0 nh6 nhat méi duogec gitr lai. D€ loc ra nhirng
tin nhan c6 toa dd va dd cao cé sai s6 nhé nhat can
tién hanh phan tich chudi tin nhan GST. Chudi tin
nhan ndy c6 chira cac thong tin vé ellip sai s6 va sai
sO vi tri diém. Trong nghién ciu nay nhirng tin
nhén c6 sai s6 mit bing nhé hon 5 mm va sai s6
dd cao nhé hon 9 mm sé dworc gitr lai.

4) Bdnh mikc do phdn tdn ctia chudi tri do do cao

D0 phan tan cta chubi tri do d6 cao dwoc xac
dinh bang dai lwong d6 1éch chuin cia mot day tri

do dwoc xac dinh theo cong thirc (1) (Hoang va
Trwong, 2003).

€y,
-5

Trong d6: H; - d cao xac dinh IAn thir i (m); H
- dd cao trung binh trong chudi tri do (m).
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5) Xdc dinh gid tri dg Itin

Dwa vao gia tri do cao xac dinh dwoc & hai thoi
diém do sé xac dinh dwoc do lan cia diém quan
trac theo cong thirc (2):

S=Hi(t+1) - Hi(®) (2)

Trong d6: Hi(t+1) - D6 cao cua diém thir i tai
thoi diém t+1; Hi(t) - DO cao cia diém thiv i tai thoi
diém t.

Viéc xir ly di liéu quan trac ltin dua trén cong
nghé GNSS/CORS dworc thirc hién bang phin mém
GNSS CORS Soft do nhém nghién ctru ty xay dung
(Hinh 4).

3. Thwc nghiém va két qua quan tric do lin
bang cong nghé GNSS/CORS

3.1.Thwc nghiém mé phong do Itin

3.1.1. Nguyén ly thwc nghiém mé phdng

DE kiém chirng, danh gia do chinh xac cia hé
théng quan trac do lun dwa trén cong nghé
GNSS/CORS, mét thuwe nghiém mo phong da dugc
tién hanh & khu vyc thanh phé Cim Ph3, Quang
Ninh, & &6 nh6m nghién ctru da thiét 1ap mét tram
CORS c6 s6 hiéu CORS-CAMPHA. Nguyén ly cta
thwc nghiém mo6 phdng do ltn la dwa trén sy thay
ddi vi tri cda ang ten GNSS theo phuwong thang
ding (Hinh 5).

Hé thong thiét bi mé phong cé thé danh gia
dwoc ca chuyén dich ngang va chuyén dich ding.
Tuy nhién trong nghién ctru nay chi thyc nghiém
mo phong véi chuyén dich dirng (d6 ltn). D€ tién
hanh thyc nghiém mé phong do ltn, mét hé thong
thiét bi da duwoc thiét ké ché tao gébm c6 hai ong
thép hinh tru 16ng vao nhau. Ong thép ngoai cé
dinh va Ong thép trong c6 thé di chuyén theo
phuwong thang dirng bén trong long 8ng thép

A GNSS CORS Soft: Chwong trinh xir Iy dir ligu quan tric dj lin

=B ER =)

Tép 18 liéu | [DAOOAA_NCS_(HATNOOOA_THUX

Chon kanh tuyén truc |l07.4$

Chon &6 réng midi chifu

la L
| Nhip di thiudmg 46 cao Zeta) m

Loc két qua tinh theo sa1 58 10a 86 va db cao

Mit bing me Dé w[g_mm

| Thye hien xir Iy I [Dixiﬂ_('xong

S8 Tep ke qui [DP0OAANCS (HATNOO _Exit |

Tién trinh xuly ditliéu
[ ]1]

Hinh 4. Giao dién phdn mém xu ly di¥ liéu quan trdc do lin.
Ang ten GNSS

| Chuyén dich dimg
(8§ Lim)

Miy do khoing cich
Laser

Hinh 5. Nguyén Iy quan trédc thuc nghiém mé phéng dé lin bing cong nghé GNSS/CORS,
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ngoai, phia trén 6ng thép trong c6 gan mot dia
thép tron, tAm clia dia thép nay c6 khoét mot16 dé
13p dng ten thu tin hiéu vé tinh GNSS. Str dung may
do khoang cach Laser cAm tay SD-120C cta hang
SINCON dé xac dinh khoang dich chuyén theo
phuwong thang ding tir diém tham chiéu ¢6 dinh
dén mat dé tru mdc c6 1ap ang ten.

Tién hanh thu tin hiéu vé tinh trong khoang
thoi gian khoang 30’ thi thay d6i chiéu cao ang ten
theo phwong thang ding xudng phia dwdi, roi lai
do khoang cach tir diém tham chiéu dén tru méc
6 lap dng ten va lai thu tin hiéu vé tinh & vi tri méi.
Hiéu khoang cach do dworc giira hai 1an do theo
phuwong thang dimg chinh 13 d6 lun ca dng ten.
Sau khi xtr ly di liéu GNSS & hai chu ky quan trac
sé xac dinh dworc dd cao ang ten. Hiéu do cao & hai
chu ky quan tric chinh 13 dd ltin x4c dinh dwoc
bang cong nghé GNSS CORS. So sanh dd lin xac
dinh bang hai phwong phéap nay sé danh gia dwoc
dd tin cdy, do chinh xac ctia cong nghé GNSS CORS.
3.1.2. Tién hanh thwc nghiém mé phdng

Viéc quan trac thwc nghiém mo phéng duoc
tién hanh vao ngay 15 thang 7 nim 2023 & thanh
phd C4m Ph3, Quang Ninh véi 6 chu ky. Sau mdi
chu ky quan tric sé thay ddi vi tri ing ten GNSS

theo phwong thang dirng mot cach chu dong dé
tao ra do lun. Vi tri dit tram quan trac thwc nghiém
mod phong nam bén 18 duwdng bao bién CAm Pha-
Ha Long cach tram CORS-CAMPHA khoang 3,40
km (Hinh 6) tram quan tric dwoc két ndi véi tram
CORS-CAMPHA thong qua dia chi IP cia may tinh
cha 1a 118.70.170.179 va céng nhan dir liéu la
3004. Dir liéu quan tric theo dinh dang tiéu chuin
NMEA dwoc giri vé may tinh cht dat & Truong Dai
hoc M6 - Dia chit, Ha Noi. Trong thwc nghiém mé
phong nay, nhom nghién ciru da tién hanh thuc
hién 6 chu ky do, mdi chu ky do véi thoi gian thu
tin hiéu vé tinh la 30 phut véi tin suat thu tin hiéu
12 1 gidy. Dt liéu ctia mdi chu ky do dwoc lwu vao
mot tép riéng biét v4i hai loai tin nhin tri do thu
dwocla GGA va GST.

3.1.3. Dir liéu va két qud quan trdc thwc nghiém mo
phdng

Dit liéu quan trac nhan dwoc theo dinh dang
tiéu chudn NMEA véi hai loai tin nhdn 1a GGA va
GST. & (Bang 1) 1a mot doan dit lidu quan tric thuc
nghiém mo phong & chu ky thir nhat. Dir liéu quan
trac dwoc xtt ly bang phan mém GNSS CORS Soft
theo bon bwéc da trinh bay & muc 2.2.2.

(a) Tram quan tric thiwe nghiém mé phéng

(b) Tram CORS-CAMPHA

Hinh 6. Khu viee b6 tri tram quan trdc thuc nghiém mé phéng.
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O (Bang 2) thé hién két qua xir Iy dit liéu quan
trac d6 1un & chu ky thi nhat.

Dit liéu quan trac & cac chu ky tiép theo ciing
dwoc xt Iy twong tw nhw & chu ky thir nhit sé xac
dinh do cao va do léch chuin cta né. Dwa vao d6
cao & cac chu ky quan trac thuc nghiém mo phong

sé xac dinh dwgc do lan theo cong thitrc (2).

D6 lun nay dworc so sanh véi do chuyén dirng
(d6 Iun) do truc ti€p bang thiét bi do khodng cach
Laser sé xac dinh dwoc do chénh 1éch do lun.

K&t qua quan tric thuc nghiém mo phéng do
ldn dwa trén cong nghé GNSS/CORS dwgc thé hién

nhw & Bang 3.

3.2.Thwc nghiém thwc té

3.2.1. Khu vurc thue nghiém

117

Thwc nghiém dwoc tién hanh trén mot khu v bor
mo phia bac ctia mé than Coc Sau thudc dia phan
thanh phé Cam Ph3, Tinh Quang Ninh (Hinh 7).
Thoi gian bat dAu quan tric tir ngdy 16 thang 7
nam 2023 v&i chu ky quan trac 1a 30 ngay. Tinh
dén ngay 16 thang 12 nam 2023 da quan tric
dworc 6 chu ky. Do cao trung binh bo mé dat tram
quan trac khoang +250 m, dd cao ddy mé dén thoi
diém hién tai la -300 m. Nhw vAy do chénh cao tir
bé m3t bér mé quan trac dén ddy moé khoang 550
m. V&i do chénh cao lén nhw vy, cong thém véi
cac hoat déng khai thac 1am cho bé mét bor mo sut
14n rat nhanh. D€ tién hanh quan trac thwc nghiém
ngoai thuc dia, c6 5 moc da duwoc thiét ké gia cong
bang thép khong gi d€ 13p dwoc Ang ten GNSS theo
hinh thttc dinh tdm bit budc.

Bdng 1. Mot doan di¥ liéu quan trdc mé phdng & chu ky thir nhdt.

$GNGGA;045915,00;2059,77350765;N;10716,19035748;E;1;10;0,9;21,233;M;-23,050;M;*66
$GNGST;045917,00;8,083;2,096;1,647;1,6;2,096;1,648;4,100%49
$GNGGA;045922,00;2059,77299225;N;10716,18966106;E;1;11;0,8;15,804;M;-23,050;M;*6C
$GNGST;045922,00;8,005;1,893;1,497;177,9;1,893;1,498;3,565*4E
$GNGGA;045929,00;2059,77217880;N;10716,18960659;E;1;22;0,6;13,742;M;-23,050;M;*6A
$GNGST;045927,00;9,950;1,409;1,262;155,7;1,385;1,289;2,801*4A
$GNGGA;045932,00;2059,77212546;N;10716,18967398;E;1;22;0,6;13,296;M;-23,050;M;*61
$GNGST;045932,00;9,242;1,373;1,171;165,9;1,362;1,184;2,646%4A
$GNGGA;045937,00;2059,76848666;N;10716,18868776;E;4;19;0,6;4,153;M;-23,050;M;1,0;0000*75
$GNGST;045937,00;0,031;0,004;0,003;163,7;0,004;0,003;0,010%45
$GNGGA;045915,00;2059,77350765;N;10716,19035748;E;1;10;0,9;21,233;M;-23,050;M;*66
$GNGST;045917,00;8,083;2,096;1,647;1,6;2,096;1,648;4,100*49
$GNGGA;045922,00;2059,77299225;N;10716,18966106;E;1;11;0,8;15,804;M;-23,050;M;*6C

Bding 2. Két qud xtr ly di liéu quan trdc mé phdng dé liin & chu ky thir nhdt.

TT B Toa do va dic(io,’t,,r; cdia H (m) (Hi-Hy (mm)| (Hi-H)? (mm)
1 2059 46,10905 107 16 11,32120 4,180 -4,0 16,00
2 2059 46,10905 107 16 11,32116 4,189 5,0 25,00
3 2059 46,10909 107 16 11,32120 4,184 0,0 0,00
4 2059 46,10903 107 16 11,32124 4,182 -2,0 4,00
5 2059 46,10913 107 16 11,32117 4,179 -5,0 25,00

195 2059 46,10890 107 16 11,32109 4,189 5,0 25,00

196 2059 46,10887 107 16 11,32108 4,188 4,0 16,00

197 2059 46,10894 107 16 11,32106 4,188 4,0 16,00

198 2059 46,10890 10716 11,32108 4,188 4,0 16,00

199 2059 46,10889 107 16 11,32105 4,183 -1,0 1,00

TB 2059 46,10903 107 16 11,32107 4,184 0,0 2875,00

Do 1éch chuin 8u = +0,0038 mm
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Bdng 3. Két qud quan trdc thwc nghiém mé phdéng dé lin.

Chu ky Toa dd va dd cao tric dia Poléch | PO 1an quan | B lan do trye |Chénh 1éch do
quan tric | Vidé (B) (°,,“) | Kinh d6 (L) (°,, “) | Cao d@b Htd (m) | chufin (m) | tric Sqr (m) | ti€p Sao (m) 14n (m)

1 205946,10903 | 107 16 11,32107 4,184 +0,0038

-0,068 -0,057 0,011
2 205946,10904 | 107 16 11,32105 4,115 +0,0036

-0,009 -0,015 0,006
3 205946,10905 | 107 1611,32103 4,106 +0,0035

-0,056 -0,040 0,016
4 205946,10902 | 107 16 11,32106 4,050 +0,0034

-0,064 0,049 0,015
5 205946,10901 | 107 16 11,32104 3,986 +0,0037

-0,074 -0,084 0,010
6 205946,10906 | 10716 11,32108 3912 +0,0036

Hinh 7. Khu vwe quan trdc thwe nghiém.

Cac mdc dwgrc thi cong va gan 1én bé mit bo
mo bang vita xi ming & nhitng vi tri da dwoc thiét
ké, lwa chon va dwoc danh s6 tir P1 dén P5. Sau khi
xi mang dong cirng, cic mdc da dwoc gan chic
chdn vao bé mit bor ting thi tién hanh 1ap dit thiét
bi cho tram quan tric. & (Hinh 8) thé hién mot
tram quan trac lin da dwoc lap dit hoan chinh
trén bé mat bo mo Coc Sau.

C4c thao tac thuc hién tai tram quan tric trén
bé mat bo ma cling twong tw nhw thywe nghiém mo
phong. Dt liéu quan trac theo dinh dang tiéu
chuidn NMEA duwoc tw dong truyén vé may tinh
chti ctia tram CORS va dwoc xtr ly d€ xac dinh do
cao cho cadc méc quan tric & nhitng chu ky khac
nhau.

3.2.2. Xt ly di¥ liéu quan trdc

Quaé trinh xir Iy dit quan tric do lun bé mit bo
mé cling thuc hién twong tw nhw xr ly dir liéu

et

Hinh 8. Tram uan trdc ltin dd dworc ldp dit.

quan trdc md phéng, dwoc thuc hién bing phan
mém GNSS CORS Soft.
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Dua vao dit liéu quan triac & chu ky thir nhat
clia cac tram quan trac, st dung phan mém GNSS
CORS Soft dé xtr ly va nhan dwgc do cao cia cac
tram quan tric tir P1 dén P5 nhw & (Bang 4+8).

Dit liéu quan trac & cac chu ky tiép theo ciing
da dwogce xtr ly va xac dinh dwoc do cao twong tw
nhu & chu ky thir nhit. Tt két qua xir ly dir liéu
quan tric cua cac mdc tir P1+P5 trong 6 chu ky
quan trac da x4c dinh d6 cao va do 1éch chuin cua
cac moc, tir d6 xac dinh dworc do Iun cho tirng chu
ky. K&t qua do cao va do lan cta cac moc dwoc thé
hién nhw & (Bang 9).

4. Kétluan

Nghién cttu nay da (rng dung thanh cong cdng
nghé GNSS/CORS trong quan trac do 1in bor mé 16
thién. Hé thdng quan tric d6 lun dua trén céng
nghé GNSS/CORS da dwoc thiét ké bao gom hé
théng tram CORS va hé théng tram quan trac. Mot
dong gbp clia nghién ctiru nay la thiét ké phat trién
dwoc bd thu GNSS cho hé thdng tram quan trac
dwa trén nén tdng cong nghé cia hang Trimble. Bo
thu GNSS dwoc phat trién thu dwoc tin hiéu vé tinh
trong hé théng GNSS, nhan dwoc s6 liéu cai chinh
ttr tram CORS, giai ma tin hiéu vé tinh GNSS dé

Bdng 4. Két qud xir ly dir liéu & tram quan trdc P1.

T — Toa do va do Cao‘tiac dia (Hi- H ) (Hi- H 2
B (0! ’ ) L (01 , ) H (m) (mm) (mm]
1 2102 23,17744 107 19 57,49420 253,813 -2,0 4,0
2 2102 23,17752 107 19 57,49416 253,813 -2,0 4,0
3 2102 23,17748 107 19 57,49413 253,814 -1,0 1,0
777 2102 23,17754 107 19 57,49382 253,816 1,0 1,0
778 2102 23,17749 107 19 57,49374 253,816 1,0 1,0
779 2102 23,17751 107 19 57,49382 253,811 -4,0 16,0
TB 2002 23,17754 107 19 57,49378 253,815 0,0 4936,00
Do 1éch chudn §u = 0.0025 mm
Bdng 5. Két qud xtr ly di¥ liéu & tram quan trdc P2.
TT Toa do va do cao trac dia H, -H) (mm) (Hi _H)z
B(°"") L(5") H (m) (mm)
1 2102 22,46008 107 20 00,34007 253,445 -1,0 2,0
2 2102 22,45998 107 20 00,33964 253,450 4,0 16,0
3 2102 22,46026 107 20 00,33939 253,446 -0,0 0,0
377 2102 23,17754 107 19 57,49382 253,444 -2,0 4,0
378 2102 23,17749 107 1957,49374 253,449 -3,0 9,0
379 2102 23,17751 107 19 57,49382 253,447 -1,0 1,0
TB 2002 23,17754 107 19 57,49378 253,446 0,0 3942,00
Do l1éch chuén 61 = +0.0032 mm
Bdng 6. Két qud xtr ly di¥ liéu & tram quan trdc P3
TT Toa dd va do cao trac dia (H; -ITI) (mm) | (H; -ITI)Z (mm)
B(°'") L5 H (m)
1 2102 21,20393 107 20 02,96080 247,641 4,0 16,0
2 2102 21,17752 107 20 02,96076 247,643 6,0 36,0
3 2102 21,17748 107 20 02,96066 247,634 -3,0 9,0
284 2102 21,17754 107 20 02,96074 247,63 -7,0 49,0
285 2102 21,17749 107 20 02,96065 247,632 -5,0 25,0
286 2102 21,17751 107 20 02,96072 247,641 4,0 16,0
TB 2002 21,17754 107 20 02,96078 247,637 0,0 3542,00
Do l1éch chuin 61 = +0.0035 mm
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Bdng 7. Két qud xir Iy di¥ liéu & tram quan trdc P4

TT — Toa dg va do cao’tljlac dia (Hi -ITI) (mm) (Hi -ITI)Z (mm)
B(%5") L(5%") H (m)
1 2102 21,22666 107 20 00,32848 240,319 -6,0 36,0
2 2102 21,22670 107 20 00,32843 240,323 -2,0 4,0
3 2102 21,22664 107 20 00,32846 240,317 -8,0 64,0
218 2102 21,22665 107 20 00,32836 240,329 4,0 16,0
219 2102 21,22662 107 20 00,32839 240,322 -3,0 9,0
TB 2002 23,17754 107 19 57,49378 240,325 0,0 2942,00
Do 1éch chuin 8x = +0.0037 mm
Bdng 8. Két qud xr ly di¥ liéu & tram quan trdc P5.
TT _ Toa do va do Caoltllac dia (H: -ITI) (mm) (H: -ITI)Z (mm)
B(%5") L% H (m)
1 2102 21,22666 107 20 00,32848 240,309 -6,0 36,0
2 2102 21,22670 107 20 00,32843 240,311 -4,0 16,0
3 2102 21,22664 107 20 00,32846 240,310 -5,0 25,0
418 2102 21,22665 107 20 00,32836 240,320 5,0 25,0
419 2102 21,22662 107 20 00,32839 240,318 3,0 9,0
TB 2002 23,17754 107 19 57,49378 240,315 0,0 3142,00
Do 1éch chuin 8u = +0,0027 mm
Bdng 9. P6 cao va df lin ctia cdc méc quan trdc.
M6c quan tric lin
Chu| Thoigian — P1 ~ b2 ~ b3 — P4 ~ PS
\ < Do cao; - Do cao; - Do cao; o Do cao; o Do cao; .
ky | quantrac A b6 lun A b6 lun PO Do lun .1 b6 lun oA b6 lin
doléch (mm) do léch (mm) do léch (mm) doléch (mm) doléch (mm)
chuin (m) chuén (m) chuin (m) chuin (m) chuén (m)
253,815; 253,446; 247,637; 240,325; 240,315;
1| 16/7/2023 +0,0025 +0,0032 +0,0035 +0,0037 +0,0027
-18 -16 -15 -26 -27
253,797; 253,430; 247,622; 240,299; 240,288;
2 | 13/8/2023 +0,0031 +0,0027 +0,0032 +0,0034 0,0029
-15 -18 -14 -25 -25
253,782; 253/412; 247,608; 240,274; 240,263;
3 | 17/9/2023 +0,0028 +0,0026 +0,0029 +0,0029 0,0036
-16 -15 -16 -24 -24
253,766; 253,397; 247,592; 240,250; 240,239;
4 | 15/10/2023 +0,0035 +0,0033 +0,0031 +0,0031 0,0035
-15 -14 -13 -20 -25
253,751; 253,383; 247579; 240,230; 240,214;
5 | 19/11/2023 +0,0032 +0,0029 +0,0028 +0,0030 0,0028
-14 -13 -12 -19 -21
253,737, 253,370; 247,567, 240,211; 240,193;
6 |17/12/2023 +0,0029 +0,0035 +0,0034 +0,0028 0,0027
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chuyén vé dir liéu theo dinh dang tiéu chuin
NMEA-0183. Dt liéu quan trac dwoc phan tich va
Xt Iy qua 6 budc va dugc thuc hién bang phan
mém tw phat trién da nang cao dwoc do chinh xac
do cao cho cac diém quan trac dén mm.

DbEé danh gia d6 chinh xac ctia hé thong quan
trac, mot thuc nghiém quan tric mé phéng do lun
dwoc tién hanh & khu vuc thanh phd Cidm Pha.
Thuc nghiém véi s6 liéu thuce té€ dwoc thue hién
trén bo' mé ciia mo than Coc Sau véi 5 tram quan
trac thwc hién trong 6 chu ky do méi chu ky cach
nhau 30 ngay. Dit liéu quan trac dwgc xtt Iy va xac
dinh dwoc dd cao clia cAc mdc quan trac voi do
1éch chuin nhé hon 4 mm. Trén co s d6 cao cua
cac méc & cac chu ky do da xac dinh dwoc do lan
cho cac méc quan tréc. Vi vy c6 thé sir dung may
thu GNSS ny vao trong cong tac quan trac do lin
b ma 16 thién.

Pong gop cua tac gia:

Pham Céng Khai, Nguyén Vin Hai - xay dung
y twdng nghién ciru, viét ban thao bai bdo; Pham
Cong Khai, V6 Ngoc Diing, BPinh Thanh Tuan, Pham
Van Chung - lua chon phwong phap nghién ciru,
thiét ké xay dung hé théng quan tric; Pham Cong
Khai, Nguyén Van Hai, Vo Ngoc Diing - quan tric
thuwc nghiém va xt 1y s6 liéu.

Loi cam on

Nghién ctru nay dwoc hoan thanh véi sw gitp
d® chia Phong Tric dia - Dia chit, Cong ty C6 phin
than Coc Sau (TKV) trong viéc khao sat, lwa chon
khu vuc quan tric, xdy dung méc quan trac. Cac
tac gia xin chan thanh cadm on Ban lanh dao Cong
ty C6 phan than Coc Sau (TKV) da tao moi diéu
kién thuan lgi cho nhém nghién ctru.
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