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2Truong Pai hoc Thuy Loi (Co sé 2), Thanh pho Ho Chi Minh

TOM TAT

Quan tric theo thoi gian thuc dé canh béo s6m truot |¢ dét da ¢ tang khai thac mo 16 thién la van dé rat quan
trong dé dam bao cho qua trinh khai thac mo duoc hiéu qua, kinh té va an toan. Ngay nay, c6 nhiéu phuong
phap dé quan tric truot 1o dat d4 dua trén nhitng cong ngh¢ va thiét bi khac nhau. Tuy nhién, viéc quan trac
truot 16 dat da dya trén cong nghé GNSS/CORS ¢6 nhiéu wu diém nhu quan tric dugc trong moi diéu kién
thoi tiét, lién tuc va theo thoi gian thuc trong khdng gian ba chiéu. Muc dich ciia nghién ctu nay 1a thiét ké,
xay dung duoc mot hé théng quan tric theo thoi gian thuc dya trén cong nghé GNSS/CORS dé canh bao som
truot 16 dat da & tang khai thac mo 16 thién. Trong nghién ctiru ndy mot hé théng quan tric truot 1¢ dit da theo
thoi gian thuc duoc thiét ké, xay dung, bao gém hé théng tram CORS va hé thdng tram quan tric. Hé théng
tram CORS dugc thiét ké, xay dung dit tai thanh phé Cam Pha, Quang Ninh véi dng ten Zyphir 2 Geodetic
cua Trimble va bo thu GNSS cua hdng Stonex. Hé théng tram quan tric dwoc nhém tac gia tu thiét ké phét
trién ca vé phan cang va phan mém, dam bao cho qua trinh thu nhan, truyén dan, xir ly dir liéu va canh béo
dién ra theo thoi gian thuc. Dir liéu quan tric thu dwoc theo dinh dang tiéu chuan NMEAO0183 duoc xir ly
bang phuong phap va phan mém tu thiét ké phat trién da nang cao dugc d6 chinh xéac két qua quan tric dén
milimet. Mot thuc nghiém mé phong quan tric truot 16 dit da da duoc thuc hién & khu vuc thanh phé Cam
Pha, Quang Ninh va thuc nghiém thyc té ¢ trén bé mit ting khai thac & mo than Coc Sau da khiang dinh duoc
tinh kha thi cua giai phap trong quan tric truot 1¢ dit da theo thoi gian thuc.

Tur khoa: Cong nghé GNSS/CORS, truot | dat d4, thoi gian thuc, mo than Coc Sau.

1. Pjt van aé

Tir trudc téi nay, viéc quan tric truot |, chuyén dich dat da ¢ cac mo 16 thién Viét Nam thuong duoc thuc
hién bang cac phuong phép truyén thong véi viéc sir dung cac thiét bi do dac nhu may thuy chuan, may kinh vi,
may toan dac dién ti. Tur khi ¢6 hé thdng dinh vi toan cau GPS, né da duoc tng dung dé quan tric truot 16 dit da
va nhirng tai bién dia chat khac (Z. Abidin H va cong su, 2004; M.-B. Su va cong su, 2009; J.A. Gili, 2000). Tuy
nhién céng nghé GPS hau nhu ciing chi duoc tng dung dé quan tric chuyén dich dit da theo chu ky. Trong
nhitng nim gan day véi sy ra doi cua nhidu hé thong vé tinh nhu GPS (My), Glonass (Nga), Galileo (Cong dong
chau Au) va Beidou (Trung Qudc) da hinh thanh nén h¢ théng vé tinh dan duong toan cau (GNSS). Vi cong
nghé GNSS, céc quéc gia trén thé gi6i déu da xay mang ludi cac tram tham chiéu hoat dong lién tuc (CORS) lam
co s6 ha tang khéng gian qudc gia, dap (ng cho cac muc dich khac nhau, trong d6 c6 muc dich quan trac truot 1o
dét da. Do mang ludi tram CORS hoat dong lién tuc trong moi diéu kién thoi tiét, cung cip s6 liéu cai chinh
trong khong gian 3 chiéu, vi vay né rat pha hop dé ing dung trong quan tric lién tuc truot 16 dat da theo thoi
gian thyuc. Hién nay, viéc ing dung céng nghé GNSS vao quan trac truot |6 dat da cha yéu ap dung giai phap véi
tram CORS don (Cina, M. Piras, 2015; T.Bellone va cong su, 2016; W.Y. Zhao va cong su, 2021). Uu diém cua
giai phap nay la khoang cach tir tram CORS dén cac tram quan trac nho nén co thé loai bo tt hon anh huong cia
cac sai s6 khi quyén nhu do tré cua tang dién ly va tang dbi luu den két qua quan tric (N. Shen va cong su,
2021). Tuy nhién, giai phap nay cling c6 nhugc diém 1a bi gi6i han vé khoang cach gitra tram CORS va cac tram
quan tric nén sé lugng tram CORS s& tang lén, dan dén chi phi quan tric cao, cac tram CORS ciing c6 xu hudng
bi dich chuyén cuing véi cac khdi dia chit khong 6n dinh (Y. Du va cong sy, 2020).

Ngoai viéc sir dung giai phap tram CORS don dé quan tric lién tuc truot 16 dit d4 theo thoi gian thyc, thi giai
phép g dung cdng nghé tram CORS mang véi ky thuat tram tham chiéu 4o VRS ciing da dugc st dung (Bao
Shu va cong su, 2023; Pengxu Wang va cong su, 2022). Uu diém ciia cong nghé CORS mang la khoang céch tir
tram CORS dén cac quan trac lon nén khong can nhiéu tram CORS, vi vay chi phi quan trac s& giam. Nhuoc
diém cua giai phap tram tham chiéu ao Ia sai sé mé hinh tang dién ly va tang d6i luu anh huong lon dén két qua
quan trac do khoang cach giira cac tram CORS qué dai (J. Paziewski, 2016; J. Cui va cong su, 2018). Két qua la
d6 chinh xac va do 6n dinh cua giai phdp CORS mang kém hon so véi giai phap CORS don (R. Odolinski va

* Téc gia lién he
Email: phamcongkhai@humg.edu.vn
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cong su, 2015). Vi vay, trong quan tric truot 1& dit d4 theo thoi gian thuc tng dung giai phap tram CORS don va
may thu GNSS tu phat trién 1 hiéu qua nhat, véi chi phi thap ( Daniel Janos va cong su, 2022; Pengxu Wang va
cong su, 2022).

Hién nay, mot s mo than 16 thién Ion caa Viét Nam tap trung & viing Cam Pha tinh Quang Ninh, d6 sau khai
thac ngay cang 16n, diéu kién dia chat rat phic tap, dan dén nguy co xay ra truot 19, dich chuyén dat d4 ¢ cac
tang khai théc 1a réat cao, de doa dén tinh mang con nguoi va thiét bi khai thac 1am viéc ¢ trong long mo. Bé co
thé canh b&o sém hién twong truot 1, dich chuyén dat da ¢ céc tang khai thac & mo 16 thién, can thiét phai c6
mot hé théng quan trac lién tuc cung cap sé liu theo thoi gian thuc. Vi vay, trong nghién ctru nay nhém tac gia
dé xuat giai phap quan tric truot 16 dat d4 theo thoi gian thuc ¢ tang khai thdc mo 16 thién Coc Sau dya trén cong
nghé tram CORS don. Hé théng tram CORS dugc nhom tac gia thiét 1ap & khu vuc thanh phd Cam Pha, Quang
Ninh vao thang 6 nam 2023 va cach khu vuc khai thac khoang 5 km. Hé thdng tram quan tric si dung may thu
GNSS do nhom téc gia tu thiét ké, phat trién cho phép quan tric. Viéc quan tric truot I6 dat da theo thoi gian
thuc bo mo than Coc Séu ¢ thanh phé Cam Pha, tinh Quang Ninh, Viét Nam dugc thuc hién tir thang 5 nim
2023. Dit liéu quan tric duoc truyén vé may tinh cha dat tai Truong Pai hoc Mo - Dia chat & Ha Noi va duoc xir
ly tc thoi bang phan mém chuyén dung.

2. Phwong phap nghién ciru
2.1. Thiét ké, xdy dwng hé thong quan tric trwot I dit dd theo thoi gian thuwe

Hé théng quan tric truot 16, chuyén dich dat da theo thoi gian thuc dya trén cdng nghé GNSS/CORS dugc
thiét ké phai dam bao hoat dong on dinh, lién tuc tir thu nhan, truyén tai, xir ly dir liéu va canh bao dién ra theo
thoi gian thuc. So dd cua hé thong quan tric truot 16 dat da theo thoi gian thue duoc thiét ké, xay dung gdm c6
hai phan chinh (Hinh 1). Phan tha nhét 1a hé thdng tram tham chiéu hoat dong lién tuc (Continuosly Operating
Reference Station - CORS) va phan thi hai & hé thdng tram quan tréc lién tuc (Continuosly Monitoring Station
System - CMSS).

Chure ning ctia hé théng tram CORS la cung cap théng tin sb liéu cai chinh vi tri cho tram quan tric, xu ly s6
liéu ctia mang ludi do dong xir Iy tac thoi RTK, hiéu chinh s6 nguyén da tri ciia toan mang ludi tram CORS,
thiét 1ap mé hinh cai chinh sai 50 tang ddi Iuu, ting dién ly va quy dao vé tinh. Ngoai ra may tinh cha cia tram
CORS 14 noi luu trix va xir ly s6 liéu cua tram quan tric.

[ Global Navigation Satellite System (GNSS) ]

g o
27 P P 27 —
= p He¢ thong tram quan lrac lién tuc
CMS5

@ Power

- ‘-_-_""Q) 20V

Hé thong tram tham chien hoat ding lién tye ),:'k
CORS B

Hinh 1. So dé hé thong quan trdc trieot |6 dat da theo thoi gian thyc

Hé thdng tram quan tric gom c6 cac thanh phan chinh 1a ang ten GNSS (9), bo thu GNSS (10) va bg dinh
tuyén wifi 4G (11), module canh bao bang &m thanh va anh sang (12), ic quy (13), bo chuyén ddi nguon dién
(14), tAm pin ning luong mt troi (15). Trong c4c thanh phan cua hé thdng tram quan trac, bo thu GNSS da dugc
nhom tac gia ty thiét ké, phat trién. Bo thu nay sir dung bo mach thu nhan va xu ly tin hiéu vé tinh BD970 cua
Trimble va duoc tich hop vao bo mach két néi dé tao thanh module thu tin hiéu vé tinh GNSS BD970 [20].
Module GNSS BD970 thu dwgc 220 kénh cua cac hé théng vé tinh GPS (L1C/A, L2E, L2C, L5), GLONASS
(L1C/A, L1P, L2C/A, L2P), SBAS (L1C/A, L5), Galileo (L1BOC, E5A, E5B, ESAItBOC1), BeiDou (B1, B2),
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QZSS(L1C/A, L1 SAIF, L2C, L5). B6 chinh xac dinh vi RTK 1a 8 mm+1ppm vé mit bang va 15 mm+1 ppm vé
d6 cao voi khoang cach dinh vi khong qua 30 km (https://oemgnss.trimble.com/). Module nay c6 mot céng mang
LAN Ethernet qua d6 c6 thé két ndi voi modem wifi dé truyén dir liéu quan triac vé may tinh chu theo dia chi IP
va cbng nhan dit liéu di dugc mo trén modem & tram CORS. Module GNSS BD970 két hop véi mot sé module
khac duoc két ndi véi nhau tao thanh bg thu GNSS (Hinh 3a) cho hé thdng tram quan trac (Hinh 3b).

a) Bg thu GNSS b) Hé thong tram quan trac

Hinh 2. B thu GNSS va hé thong tram quan trdc trueot |6 dat da theo thoi gian thuc

Bo6 thu nay c6 thé nhan sb cai chinh tir tram CORS theo cac dinh dang tiéu chuin CMR, CMR+, SCMRX,
RTCM va cd thé xuat ra dit liéu ¢ dinh dang tiéu chuan NMEA0183.

Dé quan ly hoat dong cua tram quan tric, cai dat cac thong sé ki thuat cho hé théng quan tric, nhan va quan
ly dir liéu tir may thu GNSS, mot phan mém chuyén dung di duoc thiét ké, xay dung bang cong cu lap trinh
Visual Studio 2019 cé tén la Server GNSS CORS WDM (Pham va nnk., 2023) va dwoc cai dat & may tinh chu
cta tram CORS. Phan mem nay duoc thiét ké voi nhiéu tinh nang nhu ho tro quan ly nhiéu tram quan tric cling
mét lic, hd tro truyén sb liéu quan tric qua giao thirc NTRIP, hd tro thiét Iap hé thong két ndi vai tram CORS,
cung cép thdng tin trang thai dinh vi trén man hinh hién thi, cai dat chu ky dau tién cho tram quan tric, quan ly
va xtr ly dit liéu quan tric, lap bao cao két qua quan trac.

2.2. Xir ly di¥ liéu quan trdc trwot 16 dit dd theo thoi gian thuc dwa trén cong nghé GNSS/CORS
2.2.1. Binh dgng di liéu

C6 nhiéu dinh dang dir liéu duoc phét trién trong dinh vi vé tinh cho cac muc dich khac nhau, chang han nhu dé
truyén vi tri dinh vi GPS giira cac thiét b dién tur hodc gitra cac may thu GNSS, truyén sb hiéu chinh vi tri tir tram
tham chiéu dén cac méy thu Rover. Hién nay, Hiép hoi Dién tir Hang hai Quédc gia cua My (National Marine
Electronics Association - NMEA) c6 dé xuat mot tiéu chuan lay tén 1a NMEA dé dinh dang thong tin hé thong
dinh vi toan cau GPS hodc hé thong vé tinh din duong toan cau GNSS (http://www. nmea. org). Tiéu chuan
NMEA c6 nhiéu phién ban khac nhau nhung tiéu chudn NMEA-0183 dugc sir dung rong rdi nhit. NMEA st dung
ma tiéu chuan ASCII, mai tin nhin theo chuan dinh dang NMEA bt dau véi ky tu “$” va két thic bang ky tu “*”,
s6 ky tu trong mét tin nhin khong Ién hon 80. Théng tin trong mét tin nhin véi nhitng kiéu khac nhau va duoc
ngin cach bai ddu phay (,), sau d6 dén thong tin vé thoi gian, toa dd mit bang, d6 cao, trang thai dinh vi.

Tiéu chuin NMEA gdm c6 nhiéu tin nhin, ching han nhu GNGGA, GPGST, GNGLL GNGSA, GNGSV,
GNRMC, GNVTG, GNZDA,... Mot s6 tin nhan NMEA c6 thé chira cac truong dit liéu gidng nhau hoic c6 thé
chwra dit liéu thong béo khac nhung c¢6 kich thuéc nho hon. Trong cac loai tin nhin theo tiéu chuan NMEA, c6
hai tin nhan quan trong nht khi dinh vi 6 1a GGA va GST.

Tin nhan GGA Ia tin nhan duoc str dung pho bién nhat, n6 bao gom céc thdng tin vé thoi gian UTC (1), vi d6
(2), Bic hoac Nam (3), kinh d¢ (4), Pong hodc Tay (5), chi s6 chat lugng dinh vi (6), s6 lugng vé tinh duoc sir
dung (7), d6 suy giam do chinh x4c mat bang (8), cao d6 ang ten so vi mat Geoid (9), don vi do cao ang ten
(10), khoang céch giira mat ellipsoid Trai dat WGS-84 va mat Geoid (11), don vi khoang cach (12), ma kiém tra
chudi tin nhin gui vé (13). C4u tric cua tin nhdn GGA va céc thong tin chi tiét cua noé dwoc thé hién nhu &
(Bang 1).
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Bang 1. Cdu trdc cua tin nhan tri do GGA va cdc théng tin chi tiét cia nd

GGA-Thong tin vé hé thong dinh vi, thoi gian, vi tri mit bang va dd cao may thu nhén dugc

1 2 34 567 8 9 1011 12 13

AR AR AR A

$GNGGA hhmmss.ss LI a, yyyyy.yy,a,x,x00x X, 2., Mx.x, M*hh

SGNGGA,094616.00,2103.33415041 N,10547.84535284 E.4,10,1.0,9.009 M_-28. 235%\’[*?0

tt ittt

1 2 34 5678 9 10 11 1213

Tin nhan trj do GST chira cAc thong tin vé thoi gian higu chinh vi tri (1), phan du cua khoang céch gia (2), gia
tri ban tryc 16n cua elip sai so (3), gia tri ban truc nho cua elip sai so (4), goc dinh huéng cua ban truc 16n cua
elip sai s6 (5), gia tri sai so theo truc Y (6), gia tri sai so theo truc X (7), sai s0 do cao (8), ma kicm tra chudi tin
nhan gui vé (9). Cau trdc cia tin nhan tri do GST va cac thong tin chi tiét cua n6 dugc thé hién nhu & (Bang 2).

Bdng 2. Cdu truc cua tin nhdn tri do GST va cdc théng tin chi tiét cia no

GST — Théngké vé saisd dinh vi

1 2 34 5 6 7
INNEREE.
a.a,b.b,c.c,dde.eff

$GNGST.(?4614.00.% 084.F.Ol D.% 009,56.9
2 3

Ua-d—oo

$GNGST, hhmmss.ss,

9
.g*¥hh
%01 0.?.01 D.?. 026*7D
1 6

4 5 7 8 9

Chi s6 chat luong dinh vi RTK theo cdng nghé CORS c6 6 mirc dd khac nhau tir mac 0 dén muc 5. Néu chi
s6 ndy & mirc 4 thi co nghia 1a tri do nay da duoc hiéu chinh tir tram CORS va ngudi do s& ldy gié tri toa do nay
trong chudi tri do GGA. Két hop vai sai s6 dinh vi thé hién trong chudi tin nhian GST, s& chon dugc nhiing toa
do dinh vi tét nhat.

2.2.2. Phirong phdp xir Iy dir liéu quan trdc trueot |6 dat da theo thoi gian thuc

Dir liéu quan tric truot 16 dit da dya trén cong nghé GNSS/CORS nhédn duoc theo dinh dang tiéu chuan
NMEAO0183 can dugc xtr Iy dé nang cao do chinh xac cua két qua quan trac. Trong di liéu quan tric truot lo dat
d4 c6 nhiéu loai tin nhan khac nhau nhung c6 hai loai tin nhén 1a GGA va GST c6 chira cac thong tin vé toa do
va do cao cling nhu sai sé ciia nd. Dya trén cac thong tin nay s& loc duoc nhiing tri do tot nhét.

Qua trinh xtr ly dir liéu quan tric truot 16 dit dé theo thoi gian thue duoc tién hanh qua cac budc sau:

1) Kiém tra tinh toan ven cua cc thong tin trong chudi tin nhén tri do

Céc dong tin nhan trj do theo dinh dang NMEAO0183 dugc truyén tir tram quan tric vé may tinh chi qua giao
thicc NTRIP c6 thé bi 16i dan t6i thong tin khong ddy di. Dé loai bo nhitng dong tin nhin nay can phai kiém tra
tinh toan ven cta nd. Néu trong céc tin nhin nay khong day du céc thong tin thi s& loai bo cac dong tin nhan tri
do nay. Dé kiém tra tinh toan ven cta cac théng tin trong chudi tin nhan tri do can phan tich tat ca cac ky tu
trong chudi tir ky tu “$” dén ky tu “*”, sau d6 ap dung thuat toan thao tac bit bat dau tir ky tu dau tién dén ky tu
tiép theo cho dén khi két thic chudi dé nhan dugc ma phén tich chudi méi. Ma phan tich chudi nay dem so sanh
v6i mé kiém tra (checksum) giri kém trong tin nhin. Néu hai ma nay giong nhau, thi dong tin nhén trj do nay sé
dugc chap nhan.

2) Loc nhiing tin nhan c6 toa do va do cao da duoc hiéu chinh tir tram CORS.

Tri sb toa d6 va do cao nhan dugc trong chudi tin nhan GGA c6 chi sb béo chit lwong phép do GNSS khac
nhau va dugc danh sé tir 0 dén 5. Khi chi s6 bao chat lwong & muc 4 thi trj do nay da dugc duoc cai chinh vj tri
tir tram CORS va cho chit lwong tot nhat. Khi do6 cac gia tri toa do va do cao trong dong tin nhin nay duoc tach
ra dé sir dung cho viéc tinh d6 truot 16 dat da.

3) Loc nhiing tin nhén tri do ¢6 sai s6 vi tri nho nhét.

Dé dam bao yéu cau do chinh xac trong quan tric trugt 16 dét da thi chi nhitng tin nhan c6 toa 6 va do cao da
dugc hiéu chinh nhung tir tram CORS va ¢6 sai s6 nhd nhat méi duoc gir lai. Bé loc ra nhiing tin nhin c6 toa do
va do cao c6 sai s6 nho nhét can tién hanh phan tich chudi tin nhan GST. Chudi tin nhin nay cé chia cac thong
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tin vé elip sai s6 va sai s6 vi tri diém. Trong nghién ciu ndy nhitng tin nhin c6 sai s6 mit bang nho hon 5 mm va
sai s6 d6 cao nho hon 8 mm sé& duoc gii lai.

4) Tinh chuyén ddi hé toa 6 WGS- 84 sang VN-2000

Toa d6 cua cac tram quan tric truot |6 dat d4 dwoc xac dinh trong hé toa d6 WGS84, dé thuan tién trong viéc
xé4c dinh d6 truot 1o dat da can duoc tinh chuyén sang hé toa do VN-2000 theo cong thirc (1) (Pang Nam Chinh
va D6 Ngoc Duong, 2012).

X =AX, + k(X +&Y —yyZ)
Y =AY, +k(—&g, X +Y +@,Z")
Z=AZ,+k(y,—@,Y +Z) (1)

trong do:
X, Y, Z latoa @6 vudng goc khong gian trong hé toa do VN-2000, (m)
X’,Y’,Z’ 1a toa do vubng goc khdng gian trong hé toa d6 WGS-84, (m)
AXo, AYo, AZ, la céc tham s6 dich chuyén gbc toa do (m)
™o, Yo, € la 3 gbc xoay truc toa dd twong tng vai cac truc X, Y, Z, (radian)
k 12 hé sb ty & chiéu dai gitta 2 hé toa do.
Cac tham sb dich chuyén toa do tir hé toa do WGS84 sang hé toa dd VN-2000 do Bo Tai nguyén va Mdi
truong cdng bo.
5) Panh mirc d6 phan tan cua chudi toa do va do cao
Do phan tan cua chudi tri do toa d6 va do cao duge xac dinh bang dai luong do léch chuin cua mot day tri do
dugc xéc dinh theo céc cong thire (2) (Hoang Ngoc Ha va Truong Quang Hiéu, 2003).

S e . T— (2)

Y:EZXi ’ \?:12Yi ’ ﬁ:lzﬁi
n-T nT N

trong do:
Xi, Yi, Hi 12 toa do va do cao xac dinh lan tha i (m);
%,v, i latoa dd va do cao trung binh trong chudi tri do (m).
6) Xac dinh cac dai lugng chuyén dich, truot 16 dat da theo cac truc toa do xac dinh theo cac cong thic (3):
- Dich chuyén theo truc X: Dx = Xi(t+1)- Xi(t)
- Dich chuyén theo truc V: Dy = Yi(t+1)-Yi(t) 3)

- Dich chuyén ngang: Dp = /Dx* + Dy®

- Dai luong dich chuyén ding : S = Hi (t + 1) - Hi () o
Qua trinh xur ly dir liéu quan trac truot 1¢ dat da theo thoi gian thue dugce xir ly tic thoi dua trén phan mém c6
tén la Server GNSS CORS WDM (Pham Coéng Khai va nnk, 2023) (Hinh 3)

Survar GHEE CORS WOM - a x
Tép  ChiBat CécTidnlch  Thang tn

Canih bao s trimat bang Canh ban cao di e ol i
Ching Toarg thii Fiove: Trarg thii nhin o By Chihbsa  Nguy higm Blbo $tng Corhhén Moy hiim Bén ding
Fowerd (207 | M Biifh  CHdd | mm MhdDhb Bgdﬁy"f
o2 (302 | M BEtpbu | CH AN | (W) MhieDMb
Fiover 3 | 3003 s Béfa  CHAS | wm Hhac Db Phan b
Foverd (304 | Hia MR [caa | wm Hhi Mg ALTM
FowrS (006 | Mid BEPas | Cadg) | W HhircDMb
Rover [3006 | Wit 68Das | | Cadsl| BE Hhirc DM
Rover7 [3007 | Wit B8, | | Cadl| BE Hhaee DMb
Rover® 1008 | Wi BEtfiss  Cadsl | EE Hharc DMb
Roverd |00 | M BEfhs  CHdy | W Hhdec Dkb
Fowen 10 (300 N Diifh  CHdd | W NndeDhb
Fovar 1l [301 | M BEtBbu | CH AN | (W) Nhie DMb
Rowa 12 (3012 M BE D Ca dat EN Mhic 0Mb
Fever 13 [3M3 | Mia Bias | Cads [EE Mg DMb
Fover 14 [ams | MA Bibhs | CHAS (WM Hhic DMb
Fower15 [35 | MAA Bl | CHA% (WM Hhac DM
Fovw 16 [3ME | MM Bibhu | CHa% W Hhie DMy
R 17 [a7 | M BitDh | CHOF W Hhie DMp
Fover 18 (3010 N Bitbhu CHOF WE Nhac DMb
Fovr 13 [303 | Hom Biafh, Csd3 W NhiDhb
Fovw 20 [3R0 | Hem Biph  (Cidy EE NhieDhb
Fovw 2 (301 | W Bapy | Cadg [WE Hha:DMb
Foww 2 (302 | Hia Bif  Cad3 B e Db
Fowwzd (23 | W Bioii | | Chide | W Mhwc oMb

Hinh 3. Giao di¢n phan mém xir ly daz liéu quan tréic trieot |6 dat da theo thoi gian thuc
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3. Thue nghiém va két qua quan tric trgt 16 dit da dya trén cong nghé GNSS/CORS
3.1. Thuwe nghigm moé phéng quan tric trwet 16 dit dd
3.1.1. Nguyén ly thuc nghiém md phong

DPé kiém chung, danh gia do chinh xac cua hé thdng quan tric truot |6 dit da dwa trén céng nghé
GNSS/CORS, mét thuc nghiém mé phong da duoc tién hanh ¢ khu vuc thanh phé Cam Pha, Quang Ninh, & d6
nhom nghién ctru da thiét 1ap mot tram CORS ¢6 sb hiéu CORS-CAMPHA. Nguyen ly cua thuc nghiém mo
phong truot 16 dat d4 1a dva trén sy thay di vi tri ciia ang ten GNSS theo phwong nam ngang va phuong thang
dung (Hinh 4).

Ang ten GNSS
' Chuyén dich dung

(D6 lun)

May do khoang
cach Laser

May do khoang
cachLaser

Chuyén dich ngang
——g—

Chuyén dich ngang
—_—

Hinh 4. Nguyén ly quan trdc thyc nghiém mé phéng trueot |6 dat da bang cong nghé GNSS/CORS

Hé thdng thiét bi md phong cé thé danh gia duoc ca chuyen dich ngang va chuyen dich dung. Dé tién hanh
thuc nghiém mo phong mét hé thong thiét bi da duoc thiét ké ché tao gom c6 hai dng thép hinh tru 16ng vao
nhau. Ong thép ngoai cb dinh va dng thép trong cé thé di chuyén theo phuong thang ding bén trong long dng
thép ngoai, phia trén 6ng thép trong cd gan mot dia thép tron, tim cia dia thép nay c6 khoét mot 16 dé lap ang
ten thu tin hiéu vé tinh GNSS. Toan bé tru mébc nay dugc gén cb dinh véi 4 banh xe. Céc banh xe nay c6 thé di
chuyén ngang trén mot duong ray nam ngang ding dé xac dinh chuyén dich ngang. Str dung may do khoang
cach Laser cam tay SD-120C cua hing SINCON dé do khoang dich chuyén theo phuong ngang va theo phuong
thing dung tir diém tham chiéu c¢b dinh dén tru méc c6 Iip dng ten GNSS. Sau khi thu tin hiéu vé tinh trong
khoang thoi gian khoang 30’ thi thay ddi vi tri dng ten theo phwong ngang va phuong thing dung, rdi lai do
khoang céch tir diém tham chiéu dén tru moc ¢6 lap ang ten va lai thu tin higu vé tinh ¢ vi tri méi. Hiéu khoang
cach do duoc giira hai lan do theo phuong nim ngang va phuong thang dung chinh 1a d6 chuyén dich ngang va
chuyén dich dtng. Dit liéu thu dugc ¢ tram quan trac s& duoc xir Iy qua 6 budc nhu da trinh bay & trén, tir d6 xac
dinh dugc do chuyén dich dat da dua trén cong nghé GNSS/CORS theo cdng thirc (3). So sanh, dbi ching do
chuyén dich xac dinh bang hai phuong phap nay s& danh gia dugc do tin cdy, do chinh xac ciia cong nghé
GNSS/CORS.

3.1.2. Tién hanh thuc nghiém md phong

Viéc quan tric thuc nghiém mo phong dugc tién hanh vao ngay 15 thang 7 nam 2023 ¢ thanh phd Cam Pha,
Quang Ninh v&i 6 lan thay d6i vi tri cua dng ten GNSS. Sau mdi lan thay d6i vi tri ng ten GNSS theo phuong
nam ngang va thing ding mot cach chu dong dé tao ra do chuyén dich ngang va chuyén dich dung. Vi tri dat
tram quan trac thyc nghiém mé phong nam bén & duong bao bién Cam Pha - Ha Long céch tram CORS-
CAMPHA khoang 3,40 km (Hinh 5).

Tram quan tric duoc két ndi véi tram CORS-CAMPHA thong qua dia chi IP cia may tinh chu Ia
118.70.171.179 va cong nhan dit liéu 1a 3004. Dit liéu quan tric theo dinh dang tiéu chuin NMEA duoc gui vé
may tinh chu dat & Truong Pai hoc Mo - Dia chat, Ha Noi. Trong thuc nghiém mé phong nay, nhém nghién ctu
da tién hanh thyc hién 6 lan chuyén dich cha dong, mdi lan lan do vai thoi gian thu tin hiéu vé tinh 1a 30 phut
Vi tan sut thu tin hiéu 1a 1 gidy. Di liéu caa mdi 1an quan tric dugc luu vao mot tép riéng biét véi hai loai tin
nhan tri do thu duoc 12 GGA va GST.
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a)Tram quan trac thec nghiém mo phong  b)Tram CORS- CAMPHA
Hinh 5. Khu vic bé tri tram quan trdc thuc nghiém mo phong

3.1.3. Dir li¢u va két qua quan trdc thyc nghiém mé phong

Dir ligu quan tric nhan dugc theo dinh dang tiéu chuan NMEA véi hai loai tin nhan la GGA va GST. O
(Bang 3) 1a mot doan dir liéu quan trac thuc nghiém m6 phong ¢ lan quan trac thir nhat.
Bang 3. Mgt doan dir liéu quan trac mé phong ¢ lan quan trdc thit nhat.

$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,045927.00,2059.77228694,N,10716.18956554,E,1,20,0.6,14.195,M,-23.050,M,,*61
$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,045927.00,2059.77228694,N,10716.18956554,E,1,20,0.6,14.195,M,-23.050,M,,*61
$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

Dir lidu quan tric dugc xir ly bang phan mém Server GNSS CORS WDM theo 6 budc da trinh bay & Muc
2.2.2 va xéc dinh duogc toa d6 va do cao tram quan tric ciing nhu d6 phan tan caa nd. O (Bang 4) thé hién két qua
xtr ly dit liéu quan tric do 1an & chu ky thir nhat.

Dir liéu quan tric thuc nghiém mé phong dwoc xir 1y qua 6 budc nhu di trinh bay & trén bang phan mém
Server GNSS CORS WDM duoc két qua nhu & (Bang 4).
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Bang 4. Két qua xr Iy diz liéu & lan quan trac thi nhat

Toa d§ tric dia Toa d§ VN-2000 Do léch chuin

TT (mm)
B (¢ L% H (m) X(m) Y(m) h(im) | Vx | Vy | Vh
1 2059 46,10905 | 107 16 11,32120 | 4,176 | 2323503,981 | 735754,164 | 4,176 | -05 | -38 | 7,3
2 205946,10905 | 107 16 11,32116 | 4,189 | 2323503,981 | 735754,163 | 4,189 | -0,5 | -2,6 | -5,7
3 205946,10909 | 10716 11,32120 | 4,184 | 2323503,983 | 735754,164 | 4,184 | -19 | -3,7 | -0,7
4 2059 46,10903 | 107 16 11,32124 | 4,182 | 2323503,981 | 735754,165 | 4,182 | 0,0 | -50 | 1,3
5 205946,10913 | 107 16 11,32117 | 4,179 | 2323503,984 | 735754,163 | 4,179 | -30 | -28 | 4,3
6 205946,10903 | 107 16 11,32122 | 4,187 | 2323503,981 | 735754,164 | 4,187 | 0,0 | -43 | -3,7
7 2059 46,10908 | 107 16 11,32122 | 4,182 | 2323503982 | 735754,164 | 4,182 | -15 | -44 | 13
8 205946,10913 | 107 16 11,32120 | 4,189 | 2323503,984 | 735754,164 | 4,189 | -29 | -39 | -5,7
9 205946,10911 | 107 16 11,32120 | 4,179 | 2323503,983 | 735754,164 | 4,179 | -23 | -3,7 | 43
10 | 205946,10893 | 107 16 11,32113 | 4,182 | 2323503,978 | 735754,162 | 4,182 | 3,2 | -1,7 | 1,3
190 | 2059 46,10892 | 107 16 11,32099 | 4,189 | 2323503,977 | 735754,158 | 4,189 | 35 | 2,1 | -57
191 | 2059 46,10895 | 107 16 11,32099 | 4,189 | 2323503,978 | 735754,158 | 4,189 | 25 | 23 | -57
192 | 2059 46,10890 | 107 16 11,32105 | 4,185 | 2323503,977 | 735754,160 | 4,185 | 40 | 04 | -1,7
193 | 2059 46,10889 | 107 16 11,32109 | 4,188 | 2323503,976 | 735754,161 | 4,188 | 44 | -08 | -4,7
194 | 2059 46,10888 | 107 16 11,32110 | 4,184 | 2323503,976 | 735754161 | 4,184 | 46 | -09 | -0,7
195 | 2059 46,10890 | 107 16 11,32109 | 4,189 | 2323503,977 | 735754,161 | 4,189 | 42 | -08 | -57
196 | 2059 46,10887 | 107 16 11,32108 | 4,188 | 2323503,976 | 735754,160 | 4,188 | 4,9 | -0,3 | -4,7
197 | 2059 46,10894 | 107 16 11,32106 | 4,188 | 2323503,978 | 735754,160 | 4,188 | 29 | 0,1 | 4,7
198 | 2059 46,10890 | 107 16 11,32108 | 4,188 | 2323503977 | 735754,160 | 4,188 | 4,1 | -03 | 4,7
199 | 2059 46,10889 | 107 16 1132105 | 4,184 | 2323503,977 | 735754,159 | 4,184 | 42 | 06 | -0,7
TB | 205946,10903 | 10716 11,32107 | 4,183 | 2323503,981 | 735754,160 | 4,183 | 0,0 | 0,2 | -0,9

Do léch chuén cua cac thanh phan toa do: Gx = 1,96 mm
oy=1,36 mm
6h=3,92 mm

Dit liéu quan tric thyc nghiém mo phong & cac 1an tiép theo ciing duoc xir Iy trong tw nhu & 1an thir nhat. Tir két
qua xir Iy dix liéu quan trac thuc nghiém md phong cua sau lan do, dya vao toa do va do cao cua ang ten xac dinh
duoc, sé tinh dwoc do chuyén dich ngang, chuyén dich dimng va chuyén dich toan phan. Cac dai luvong chuyén dich
nay duoc so sanh véi gia tri chuyén dich do tryc tiép bang thiét bi do Laser. Cac dai luvong chuyén dich dia va két
qua quan tric va dai lwong chuyén dich do truc tiép ciing nhu do chénh léch cua né duoc thé hién nhu & Bang 5.

Bang 5. Két qua quan trac thyc nghiém md phong

TT | Chuyén dich xac dinh bing cong nghé Chuyén dich do Po chénh léch
GNSS/CORS truc tiép chuyén dich

Qx Qy S Qe | Qr(do) | S(do) 5Qp 8S (m)
(m) (m) (m) (m) (m) (m) (m)

1 | 0032 -0,012 -0,068 | 0,034 | 0,030 -0,057 0,004 0,011

2 | 0,057 -0,007 -0,009 | 0,057 | 0,060 -0,015 0,003 0,006

3 | 0,064 0,006 -0,056 | 0,064 | 0,073 -0,040 0,009 0,016

4 | 0,105 0,003 -0,064 | 0,105 | 0,109 0,049 0,004 0,015

5 | 0182 0,013 -0,074 | 0,182 | 0,188 -0,088 0,007 0,014

Tir két qua quan trac thuc nghiém mo phong nhu ¢ Bang 3, nhan thdy rang chénh léch vé chuyén dich ngang
I6n nhat 12 9 mm va chuyén ding I6n nhat 14 16 mm.

3.2. Thue nghigm thuec té

Thyc nghiém dugc tién hanh trén mot khu vyc bo mo phia Béc caa mé than Coc Sau thudc dia phan thanh phd
Cam Pha, tinh Quang Ninh (Hinh 6). Thai gian bat dau quan tric tir ngay 16 thang 7 nam 2023 va quan trac lién tuc
trong thoi gian dai. D6 cao trung binh b mé dat tram quan tric khoang +250 m, d6 cao day mé dén thoi diém hién
tai 14 -300 m. Nhu vay d6 chénh cao tir bé mat by mo quan trac dén day mo khoang 550 m. Véi do chénh cao I6n
nhu vy, cong thém véi cac hoat dong khai thac 1am cho bé mat by mo chuyén dich, truot I6 rat nhanh. Dé tién
hanh quan tric thuc nghiém ngoai thuc dia, c6 5 mdc di duoc thiét ké gia cong bang thép khong gi dé lip duoc dng
ten GNSS theo hinh thire dinh tdm bét budc.
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Hinh 6. Vi tri khu vi«c quan trdc thuc nghiém (mé than Coc Sau,thanh phd Cam Phd, tinh Qudng Ninh)

Cac mbc dugc thi cong va gan Ién bé mat bo mo bang vita xi méng ¢ nhitng vi tri da dugc thiét ké, lua chon
va duge danh so tir P1 dén PS. Sau khi xi méng dong ctng, cac moc da dugc gan chac chan vao be mat bo tang
thi tien hanh lap dat thiet bi cho tram quan trac. O (Hinh 7) thé hién mot tram quan tréc truot 16 da dwoc lap dat
hoan chinh trén bé mat bo mo Coc Sau.

Hinh 7. Tram quan tréc trueot 16 bo mé da dwoc ld’p dat
Céc thao tac thyuc hién tai tram quan tric trén bé mat bd mo ciing twong tw nhu thyc nghiém mé phong. Dit
liéu quan tric theo dinh dang tiéu chuin NMEA duoc ty dong truyén vé may tinh cha cia tram CORS va duoc
xtr Iy dé xac dinh toa d6 va do cao cho cac méc quan tric. Qua trinh xir Iy dir quan tric chuyén dich, truot 1o bé
mat bd mo ciing thyc hién twong tw nhu xir ly dit liéu quan tric md phong, dugc thuc hién bang phan mém
Server GNSS CORS WDM. Céc thdng tin vé toa do, do cao, ciing nhu sai sb dinh vi va biéu d6 chuyén dich
dugc xir ly tirc thoi va hién thi trén giao dién phan mém duoc cai dat trén méy tinh cha (Hinh 8).
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Hinh 8. Théng tin chi tiét quan trac dich chuyén, rrupt |6 dat dd theo thoi gian thyc

Viéc theo dbi qua trinh chuyén dich, truot 16 dt da c6 thé duoc thuc hién bang cach ding nhap vao may tinh
chu tl}eo dia chi IR va cong ket noi da dugc ma bang dién thoai thong minh, do d6 co6 thé theo ddi qua trinh dich
chuyén, trugt 16 dat da theo thoi gian thuc & moi lic, moi noi.
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4. Két luan

Nghién ctru nay da ung dung thanh cong cong nghé GNSS/CORS trong quan trac chuyén dich, truot 16 bo mo
16 thién. Hé thdng quan tric dua trén cdng nghé GNSS/CORS di duoc thiét ké bao géom hé thdng tram CORS va
hé thdng tram quan trac. Mot dong gop cua nghién ciu nay la thiét ké phat trién duoc bo thu GNSS cho hé théng
tram quan trac dya trén nén tang cong nghé cua hang Trimble. B thu GNSS dugc phét trién thu dugc tin hiéu vé
tinh trong hé théng GNSS, nhan dugc sb liéu cai chinh tir tram CORS, giai ma tin hiéu vé tinh GNSS dé chuyén
vé dit lidu theo dinh dang tiéu chuain NMEA-0183. Dir liéu quan tric dwoc phén tich va xir Iy qua 6 budc va
dugc thuc hién bang phan mém ty phét trién da nang cao duoc dé chinh xéc két qua quan tric dén milimet.

Dé danh gia d6 chinh xac cua hé thong quan tric, mot thuc nghiém quan tric md phong chuyén dich, truot 16
déat da duoc tién hanh & khu vuc thanh phé Cam Pha, Quang Ninh. Qua thuc nghiém mé phong cho thay do
chénh léch I6n nhat vé chuyén dich ngang 1a 9 mm va chuyén dich ding & 16 mm. Thyc nghiém vai s6 ligu thuc
té dugc thuc hién trén bo mo cia mo than Coc Sau vai 5 tram quan tric thuc hién trong mot thoi gian dai. Dir
liéu quan tric duoc xur Iy va xac dinh duoc toa do mat bang va d6 cao cua cac mdc quan tric véi do léch chuan
nho hon 4 mm. Cac thong tin chi tiét cia tram quan tric ciing nhu biéu do chuyén dich dwoc hién thi truc quan
trén man hinh may tinh chu theo thoi gian thuc.
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ABSTRACT
Real-time landslide monitoring at open-pit mining slope based on
GNSS/CORS technology

Pham Cong Khai'", Nguyen Van Hai?
'Hanoi University of Mining and Geology
2Thuy Loi University (Second campus), Ho Chi Minh City

Real-time monitoring for early warning of landslides at open-pit mining slope is a very important issue to ensure
the mining process is effective, economical and safe. Nowadays, there are many methods for landslide
monitoring based on different technologies and equipment. However, landslide monitoring based on
GNSS/CORS technology has many advantages such as monitoring in all weather conditions, continuously and in
real time in three-dimensional space. The purpose of this study is to design and build a real-time monitoring
system based on GNSS/CORS technology for early warning of landslides at open-pit mining levels. In this
study, a real-time landslide monitoring system is designed and built, including a CORS station system and a
monitoring station system. The CORS station system was designed and built in Cam Pha city, Quang Ninh with
Trimble's Zyphir 2 Geodetic antenna and Stonex's GNSS receiver. The monitoring station system was self-
designed and developed in both hardware and software, ensuring the process of data collection, transmission,
processing and warning in real time. The monitoring data collected in standard NMEAO0183 format is processed
by self-designed and developed methods and software, improving the accuracy of monitoring results to mm. A
simulated landslide monitoring experiment was conducted in Cam Pha city, Quang Ninh and a real experiment at
Coc Sau coal mine slope confirmed the feasibility of the solution in real-time landslide monitoring.

Keywords: GNSS/CORS Technology, Landslide, Real-time, Coc Sau coal mine.
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