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MO PAU

Truot 16 dat d4 néi chung va dat da bai thai noi riéng 12 mot dang tai bién
xay ra tuong doi phé bién trong tu nhién. Hau qua cua truot 1o dat da bai thai
gay ra nhiing thiét hai rat ning né vé nguoi va tai san, de doa cudc song cua
nhitng khu dan cu sinh sdng ¢ dudi chan bai thai. Trong nhitng nim gan day do
anh huong cua bién d6i khi hau va nhitng hién tuong thoi tiét cuc doan, cling
véi cac hoat dong nhan sinh nhu pha ring, khai thac khoang san, xay dung cac
cong trinh giao thong, nha cura... cang 1am cho qua trinh truot 16 dat da ¢ Viét
Nam néi chung va dat da bai thai & cac mo 19 thién noi riéng xay ra véi quy mo
ngay cang 16n, muic do thiét hai ngay cang ting, de doa dén an sinh cong dong.

Trong quéa kht ¢ Viét Nam da ting xay ra nhiéu vu truot 1& dat da gay ra
nhitng hau qua tham khoc. Theo thdng tin tir Tong cuc phong, chdng thién tai,
trong nam 2018, di xay ra 12 dot vu sat 1o dat da, 1i quét 1am 49 nguoi chét, 14
nguoi mat tich, 21 nguoi bi thuong, wdc tinh thiét hai khoang gan 1.000 ty dong.
Va gan day nhat vao nam 2020 di xay ra vu truot ¢ dat da & nha may thay dién
R&o Tring 3 va mot s6 ving doi ndi & mién trung Viét Nam da 1am hang chuc
nguoi chét va mat tich.

Hién nay ¢ cac mo than 16 thién 16n da xac bdc hang tram triéu m? dat da
nén da hinh thanh céc bai thai 16n véi chiéu cao hang trim mét, dién tich hang
tram ha dat. Vi quy md va hoat dong khai thac rat I6n trong mot thoi dai da lam
tang nhanh do cao va dién tich cac bai thai. Khi chiéu cao tang bai thai vuot qué
chiéu cao cho phép theo diéu kién 6n dinh cua dat da thai s& 1am cho bé mat bi
thai bi sat 16 vao bat ky lac nao. Hon nita mot sé béi thai ¢é vi tri rat gan vai khu
vuc dan cu sinh song nén hiém hoa luén uy hiép dén tinh mang va tai san cua
nguoi dan song dudi cac chan béi thai.

Pé han ché va giam thiéu nhitng thiét hai vé tinh mang va tai san cho nguoi
dan do truot ¢ dat da gay thi mot hé thdng cac tram quan lién tuc 24/7 dé cung
cap cac thdng tin vé truot 16 theo thoi gian thuc va dua ra canh bao kip thoi dé

phong tranh 1 rat can thiét.



Trong b&o c&o nay, mot hé thong quan tric truot 1 dat d4 bai thai thoi gian
thuc dua trén céng nghé GNSS/CORS di duoc thiét ké va phét trién, bao gém
hé thong tram CORS va hé thdng tram quan triac. Mét hé théng tram tham chiéu
hoat dong lién tuc (CORS) di duogc thiét ké xay dung dua trén cong nghé va
thiét bi caa hang Leica. Cac thanh phan va nguyén Iy hoat dong caa hé théng
tram quan trac theo thoi gian thuc da duoc thiét ké. Mot bo thu GNSS cho tram
quan tric da dugc thiét ké va phat trién ca vé phan cang va phan mém dua trén
cong nghé cua hang Trimble. Mot bo truyén dan sé liéu GNSS qua giao thirc
NTRIP véi chi phi thp ciing da dugc nghién cuau, thiét ké, va phat trién cé thé
truyén sd liéu tir tram quan trac vé trung tam xu ly sé lieu mot cach tac thoi.
M6t phan mém da duoc ty thiét ké phat trién ¢am bao cho viéc thu nhan, truyén
dan, phan tich, xir Iy s6 liéu va canh bao theo thoi gian thuc. Mot thuc nghiém
md phong cho thy hé thdng quan tric hoat dong 6n dinh, lién tuc 24/7 va truyén

dan sé liéu theo thoi gian thuc tir c4c tram quan trac vé trung tam xir ly s6 liéu.



1. Toéng quan vé quan tric truot |6 dit da

Truot I& béi thai 14 mot dang tai bién thuong xay ra ¢ cac mo 16 thién do
hoat dong cua khai thac khoang san. Hau qua cua truot 16 béi thai thuong gay
thiét hai 16n vé tai san, tinh mang caa con ngudi, phé hiy cac cong trinh dudi
chan bai thai va gay ra suy thoai moi truong [1,2].

Quan tric chuyén dich bé mat bai thai s& cung cip dugc nhitng thong tin rat
c6 gia tri cua hién tuong truot 16 nhu do 16n, van téc, gia toc caa chuyén dich.
Nhitng théng tin nay néu dugc phat hién sém sé giam thiéu dugc nhirng ton that
c6 thé xay ra. Mot trong nhitng chién lugc giam thiéu rai ro do truot 1o dat da
gay ra 1a phai c6 hé théng quan tric theo thai gian thuc va canh bao tac thoi [3].

O Viét Nam, trong nhimg nam gan day, do anh huéng caa bién doi khi hau
va nhiing hién tuong thoi tiét cuc doan ma cuong d6 mua 16n déu ting 18n, nén
nguy co truot I& dat da ting cao ca vé pham vi va tan suét, dic biét ¢ cac ving
nui va cac bai thai & cac mo 16 thién. Nam 1992, tham hoa truot 16 bai thai tham
khdc xay ra tai khu khai thac quing mangan tai xa Quang Trung - huyén Tra
Linh - Cao Bang da lam chét 200 nguoi. Nam 2004, truot 1o bai thai quing khai
truong 12 thuoc Cong ty Apatit Lao Cai cudn theo ngudi va vui lap thiét bi, 1am
2 cong nhan chét. Nam 2006, truot 16 béi thai @ mé than Cao Son lam vui 14p
nhiéu cong trinh va may moc thiét bi. Nam 2012, truot ¢ dat da thai caa mo
than Phan M& (thuoc Cong ty co phan gang thép Thai Nguyén) vii lap nha cua
10 ho dan sinh séng dudi chan ndi [4]

Theo théng tin tir Tong cuc phong, chéng thién tai, trong nam 2018, da xay
ra 12 dot i 6ng, i quét, sat 1o dat, lam 49 nguoi chét, 14 nguodi mat tich, 21
nguoi bi thuong, wdc tinh thiét hai khoang gan 1.000 ty dong. Hién nay, mot s6
mo than 16 thién I6n cua Tap doan Cong nghiép than Khoang san Viét Nam da
xuc bdc hang tram triéu m® dat da d6 ra cac bai thai. Tai cAc mo, di hinh thanh
c4c bai thai véi chiéu cao hang trim mét véi dién tich hang trim ha dat. Véi
quy md va hoat dong khai thac rat 16n trong mot thoi dai da 1am ting nhanh d6
cao va dién tich cac bai thai. Khi chiéu cao ting bai thai vuot qua chiéu cao cho
phép theo diéu kién on dinh ciia dat d4 thai sé 1am cho bé mat béi thai bi sat 1o,
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troi l1ap, gay ra cé4c tai bién méi trudng, gy nén dinh tré san xuat, 1am thiét hai
nhiéu tai san va de doa tinh mang cua con ngudi.

Bai thai la mot hinh thai dia hinh do con nguoi tao ra. Qua trinh dich
chuyén dat da, bién dang bé mat va céc hoat dong ngoai sinh van xay ra lién tuc
ké tir khi mé&i d6 thai va kéo dai nhiéu nam sau d6 [5]

C6 nhiéu phuong phap dé quan tric truot 16 dat da, tir phwong phép tric dia
truyén théng trén mat dat st dung thiét bi quang hoc, hé théng dinh vi GPS,
GNSS [6, 7], cho dén phuong phap st dung cdng nghé vién tham [8, 9] vai anh
quang hoc, anh Radar, anh LiDAR. Viéc st dung cam bién gan vao khoi truot
cling da dugc nghién ciu [10]. Hé théng dinh vi toan cau GPS da duoc nghién
ctru ung dung dé quan tric truot 1¢ cho khu dinh cu nha may thay dién [11] cho
thay sai s6 quan trac dich chuyén ngang 14 2mm va sai so6 dich chuyén dang 1a
4mm. Cac phuong phap nhu st dung may toan dac dién tir [12], may queét lazer
mat dat [13], cong nghé GNSS va vién tham [14] ciing di duoc su dung trong
viéc quan tric truot 1o dat da.

Phuong phap quan tric & ngodi mat dat duoc thuc hién trong khdng gian 3
chiéu (3D), d6 chinh x4c rat cao (dén vai mm). Tuy nhién phuong phap nay chi
quan trac cho ting diém do cuc bo, ma khoéng quan tric duoc cho ca bé mat.
Nguoc lai, phuwong phap vién tham quan tric dugc véi mat dé diém day dac trén
ca bé mat. Tuy nhién phuong phap nay c6 nhuge diém 1a do chinh xac thap (chi
tir vai cm dén dm), it khi cung cap cac phép do 3D, trir khi st dung anh LiDAR
[15, 16].

Véi sy phat trién cong nghé GNSS CORS viéc quan tric truot 1o dat da
bang may thu da tan s6 cd thé dugc coi 1a mot giai phap tét nhat do c6 thé quan
tric duoc trong khdng gian 3 chiéu (3D) voi do chinh xac cao [17], hoat dong
lién tuc trong moi diéu kién thoi tiét. Tuy nhién cac may thu da tan van con dat
[18], diéu d6 1am han ché dang ké sb luong diém quan trac. Bé cho phép trién
khai cac diém quan tric day dic ¢ khu vuc truot 16, gia thanh caa mdi may thu
phai duoc ha xudng. Trong nhitng ndm gan day cac chip GNSS dugc cac hing
san suat dua ra thi trudng véi gia thanh thap [19], diéu do kéo theo cac may thu
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GNSS ciing c6 gia thap. Bé hé thdng quan tric truot 1& véi gid thanh thip, dng
ten thu tin hiéu vé tinh GNSS 14 loai nho, gon, d6 chinh cao va gia thanh thap.
Str dung chip va ang ten GNSS nay dé thiét ké phét trién hé théng quan tric
truot |6 dat da. Sir dung tAm pin nang lugng mat troi cong suat 30 W va ic quy
c6 thé quan trac lién tuc 24/7. Hé thdng duoc tich hop bo truyén sé liéu thdng
qua modem wifi va Dcom 4G dé truyén dan sb liéu quan trac theo thoi gian
thuec.

Trong nghién ciu nay ching t6i trinh bay viéc thiét ké va phat trién hé
théng quan trac truot 1o dat d4 bai thai dya trén cong nghé GNSS CORS. Thu
nhat, hé théng tram CORS theo cong nghé va thiét bi cia hing Leica duoc thiét
ké xay dung va thiét 1ap cua vé phan ciing va phan mém. Thi hai, hé thong céc
tram quan trac duoc thiét ké, ché tao va phat trién ca vé phan cang va phan
mém. Véi thuc nghiém mé phong bang thiét bj kiém dinh cho thay hé théng
hoat dong on dinh, lién tuc va cung cap so liéu va canh béo vé truot 16 theo thoi
gian thyc.

2. Nguyén ly hoat dong ciia hé théng quan tric trwet 16 theo thoi gian thuc

Nguyén ly hoat dong cua hé théng quan trac dich chuyén bién dang cau
theo thoi gian thuc duoc xay dua trén nguyén ly hoat dong cua hé théng
GNSS/CORS (hinh 1). Tin hiéu vé tinh GNSS dugc angten (1) thu nhan, dugc
truyén vé bo thu GNSSNetS8+ thong qua mot day cap chuyén dung, tai day tin
hiéu vé tinh dugc giai ma va di qua modem (3) vé may tinh cha (4). Thong qua
may tinh chu duoc két ndi vai mot duong truyén Internet vai mot dia chi IP tinh,
c6 thé phan cap quan ly, tuy theo timg d6i twong ngudi st dung bang hai phan
mém di kém: NRS-Station (phuc vu tinh toan sé liéu, phan b sé liéu tram thu
tinh) va NRS-Server cung cap thong tin sai phan cho diém do di dong, xt 1y sb
licu cua mang ludi do dong RTK, ddng thoi hiéu chinh cac s6 nguyén da tri cua
toan mang, thiét 1ap md hinh cai chinh (gém cai chinh sai s6 tang di luu, tang
dién ly, quy dao vé tinh). Cac s liéu ¢ tram CORS duogc thu lién tuc véi tan suat

1Hz duoc thiét dat trong phan mém diéu khién trung tam. S6 liéu duogc luu triv



trong mot thue muc nhat dinh trong may cha theo chuan dinh dang cua tép
RINEX.

Viéc quan trac chuyén dich dugc thuc hién theo phuong thirc do dong xir ly
tac thoi RTK (Real Time Kinematic). Tram sir dung 1a may thu GNSS da tan c6
khe lap Sim dién thoai dat & tram quan trac, két néi dén tram CORS va n6 gui
toa do gan dung dén tram cha thdng qua chudi sé lidu do c6 dinh dang chuan dix
liéu caa NMEA (National Marine Electronics Association) caa hiép hoi dién tu
hang hai quéc gia (M) [9]. Tram chu sau khi nhan duoc toa d6 gan ding sé tinh
toan dugc voi mang vién thong dé truyén so liéu théng qua phan mém chuyén
dung cai dit trong sé do dién tir (Fieldbook). Sé liéu do cua tram sir dung duoc
gui vé tram chu theo dinh dang chuan dir lisu NMEA (National Marine

Electronics Association) cua hiép hoi dién tir hang hai quoc gia (M§) [10].

GPS/GLONASS/GALILEO/COMPASS || Continuously Monitoring Station System
(GNSS) (CMSS)

W - @nﬁem GNSS Data Modem
. Transmitter Wireless Inernet

Avens = $— :
oSS @o RTCV AMEA
TCP/IP @ NTRIP Server ((&

Y

MModem 3
— 3G Intexrnet
Intermet -

Server @

Continuously Operating Reference Station
(CORS)

NTRIP Client

Hinh 1. So @6 nguyén ly hoat déng caa hé théng quan tric chuyén dich theo
thoi gian thuc

Tai may chu co cai dat mot phan mém véi tén goi NRS-Server s& tinh toan
va xac dinh s cai chinh cho tram str dung va xac dinh duogc toa do chinh xac
cho tram st dung va truyén di theo dinh dang di liéu RTCM [9] nh thiét bi thu
nhan va truyén dan sé liéu (GNSS Data Transmitter) duoc tac gia tu nghién ctu,
thiét ké, phat trién.



Toa do cua tram quan tric duoc tinh theo cong thic (1):
Xm = Xm(t) + Ox(t)
Ym = Yn(t) +oy(t) (1)
Iy = Z|\/|(t) + 6Z(t)
Trong d6: Xwm,Ym, Zm 1a toa d6 cta tram quan trac can xac dinh trong hé
toa d6 thuc dung caa tram CORS ;
Xm(t),Ym(t), Zm(t) 12 toa d6 dinh vi tuyét d6i caa tram quan tric & thoi
diém t.
Sx(t), dy(t), 5z(t) 1a sb cai chinh cho tram quan tric dugc xac dinh theo
cong thuc (2):
OX(t) = Xcors - Xcors(t)
0Y(t) = Ycors - Ycors(t) (2)
0Z(t) = Zcors - Zcors(t)
TI’Ol’lg do: XCORS,YCORS, ZCORS la th df) da blét trong hé tOE_l df) thl_IC dung
cua tram CORS
Xcors(t), Ycors(t), Zcors(t) 12 toa d6 dinh vi tuyét ddi cua tram CORS &
thoi diém t.
Co ché truyén dan sé liéu cai chinh va tin nhan tri do theo dinh dang cua
hiép hoi dién tir quéc gia My (National Marine Electronics Association —
NMEA) dugc thuc hién theo phuong thirc NTRIP (Network Transport of RTCM

via Internet Protocol) trén nén mang IP [9]. Phuong thirc truyén dan sb liéu caa
mang ludi tram CORS theo giao thirc NTRIP dugc thé hién nhu hinh 2.



NTRIP Client (1) }..eevvievneniirsnnsnnennnnnnend  NTRIP Client (n)
i HTTP Streams i

NTRIP Caster
| I
h HTTP Streams
NTRIP Server (1) |.eeuervmimiscrinsseennned  NTRIP Server (m)

i NTRIP Source (1) NTRIP Sourcer (p) jl

Hinh 2. Phwong thirc truyén dén sé liéu ciia tram CORS theo giao thic
NTRIP

3. Nguyén ly chung vé quan tric trwet 16 bai thai theo thoi gian thuc

Viéc giam sat sat 16 bdi thai theo thoi gian thuc vé co ban 1a x4c dinh su
thay doi vi tri caa no trong khéng gian trong mot khoang thoi gian nao d6. Néu
khoang thoi gian gitra hai lan quan tric dai (tinh bang ngay, thang, quy, nim
...) goi la quan trac theo chu ky, néu khoang thoi gian quan trac gitta hai thoi
diém ngan (tinh bang gidy, phat) goi 1a quan tric lién tuc). Phuong trinh xac
dinh dai luong truot 16 dwoc thé hién theo cbng thuc sau (Hepi Hapsari
Handayani et al., 2015).

dp=R’p - Rp=dp (Xp, Yp, Hp, 1) 1)

Trong do:

Rp - vi tri ctia diém P tai thoi diém t = 0 (trudce khi truot 10);

R'p - vi tri cia diém P tai thoi diém t> 0 (sau khi truot 16)

Pai lugng truot 16 theo cong thic (1) duge xac dinh trong khong gian 4 chiéu,
gom 3 chiéu theo toa d6 thanh phan X, Y, H va mét chiéu thi tu 1a thoi gian t.
Nhu vay, ban chat cua viéc xac dinh dai luong truot 16 1a xac dinh toa do cua
cac diém quan trac gan voi bé mat dat tai cac thoi diém khéac nhau. Quan trac
truot 16 theo thoi gian thyuc 1a xac dinh lién tuc va tic thoi toa do cua cac diém
quan trac. Qué trinh nay dugc thuc hién bang giai phap ki thuat dwa trén cong
nghé GNSS / CORS.



4. Phwong phap nghién ctru
4.1. Thiét ké hg théng quan tréic truot |6 dét dd theo théi gian thuc

Hé thdng quan trac truot 16 dat d4 theo thoi gian thuc dua trén cdng nghé
GNSS/CORS phai duoc thiét ké sao cho né hoat dong duoc lién tuc, 6n dinh,
thu nhan va truyén dan sb liéu tir tram quan trac vé trung tdm xir Iy sé liéu mot
cach tuc thoi. Mot hé thdng quan trac truot 16 dat da duogc thiét ké bao gdm hai
phan chinh. Phan tha nhat 1a hé théng tram CORS (Continuously Operating
Reference Station) va phan tht hai la hé théng tram quan tric CMSS
(Continuously Monitoring Station System) thé hién nhu hinh 3.

Hé thdng tram CORS theo cong nghé cua hang Leica duoc thiét 1ap bao
gom hai phan co ban dé 1a phan cang va phan mém. Phan ciing gom c6: ang ten
thu tin hiéu vé tinh GNSS (L), cap ang ten (2), bo thu GNSS GR50 (3), modem
va Router (4), may tinh cha (5), bo luu dién (6), dudng truyén internet (7). Phan
mém Spider di kém dugc cai dat trong may tinh chii co chic nang sir ly s6 liéu,
cung cap sd cai chinh cho cac tram dong va quan 1y ngudi sir dung.

Hé thdng tram quan tric CMSS gom c¢é phan ctng va phan mém. Phan
ciring gom c6 ang ten thu tin hiéu vé tinh GNSS (5), thiét bi thu nhan va truyén
dan dit liéu GNSS (6), Modem (7) va duong truyén Internet khong day (8). Bo
phan mém gom c6 phan mém diéu khién thu nhan va truyén dan sé liéu GNSS
va canh béo (Server GNSS CORS WDM) va phan mém phan tich, xir ly, tinh
toan xac dinh cac dai lwong dich chuyén bién dang (GNSS CORS WDM). Hé
théng tram quan trac da duogc tac gia tu nghién ctu thiét ké phaét trién va ché tao

trén co so cua cong nghé GNSS CORS.
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[ Global Navigation Satellite Syster (GNSS) ]
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9 Continuously Monitoring Station System
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Hinh 3. So' 6 hé théng quan tric trwet 16 dat da theo thoi gian thuc

Nguyén ly hoat dong cua hé théng quan trac dich chuyén bién dang cau
theo thoi gian thuc duoc xay dua trén nguyén ly hoat dong cua hé théng
GNSS/CORS. Tin hiéu vé tinh GNSS duoc angten (1) thu nhan, duoc truyén vé
bo thu GNSSNetS8+ thong qua mot day cap chuyén dung, tai day tin hi¢u vé
tinh duoc giai ma va di qua modem (3) vé may tinh chu (4). Théng qua may tinh
chu duoc két néi voi mot dudng truyén Internet véi mot dia chi IP tinh, cé thé
phan cap quan ly, tly theo timg dbi tugng nguoi sir dung bang hai phan mém di
kém: NRS-Station (phuc vu tinh toan sé liéu, phan bd sb liéu tram thu tinh) va
NRS-Server cung cap thong tin sai phan cho diém do di dong, xtr ly so liéu cua
mang ludi do dong RTK, ddng thoi hiéu chinh cac sé nguyén da tri cua toan
mang, thiét 1ap md hinh cai chinh (gém cai chinh sai sb tang di luu, tang dién
ly, quy dao vé tinh). Céc sé liéu & tram CORS duoc thu lién tuc voi tan suat 1
giay, 15 giay hoic 30 gidy tly vao yéu cau cta ngudi sir dung va duoc thiét dat
trong phan mém NRS-Station. S liéu dugc luu trir trong mot thu muc nhat dinh
trong may chu theo chuan dinh dang cua tép RINEX.

Viéc quan tric chuyén dich bién dang cong trinh dugc thuc hién theo
phuong thirc do dong xur ly tie thoi RTK (Real Time Kinematic). Tram st dung

12 may thu GNSS da tan cd khe lap Sim dién thoai dit & tram quan tric, két ndi
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dén tram CORS va n6 gui toa do gan dung dén tram chu thdng qua chudi sb liéu
do ¢o6 dinh dang chuan dit ligu cita NMEA (National Marine Electronics
Association) caa hiép hoi dién tir hang hai quéc gia (M¥) [12]. Tram chu sau khi
nhan duoc toa d6 gan dung sé tinh toan dugc véi mang vién thong dé truyén sb
liéu thdng qua phan mém chuyén dung cai dat trong s6 do dién tir (Fieldbook).
S6 lidu do cua tram st dung duoc guri vé tram chu theo dinh dang chuan dir liéu
NMEA (National Marine Electronics Association) cua hiép hoi dién tur hang hai
qudc gia (M¥) [12]

Tai may chu co cai dat mot phan mém véi tén goi NRS-Server sg tinh toan
va xac dinh s cai chinh cho tram str dung va xac dinh duogc toa do chinh xac
cho tram st dung va truyén di theo dinh dang dir lisu RTCM [13] nho thiét bi
thu nhan va truyén dan s6 liéu duoc tu nghién cau thiét ké phat trién.

4.2. Thiét lap tram tham chiéu hoat dgng lién tuc (Continuosly Operating
Reference Station )

Tram tham chiéu hoat dong lién tuc duoc thiét 1ap dua trén cong nghé va
thiét bi caa Leica bao gdm hai phan chinh, d6 1a phan cing va phan mém.

Hé thong phan cang gom c6 mot sé thanh phan chinh nhu antenna thu tin
hiéu vé tinh GNSS (1), cap ang ten (2), bd thu GNSS (3), Router va modem
Wifi (4), may tinh chu (5), bo luu dién (6), duong truyén Internet (7), thiét bi
chéng sét (8). (hinh 4).

l(:) Power

220V

v‘:

Hinh 4. Cac thanh phan cia hé théng tram CORS theo c6ng nghé caa
Leica
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1. GNSS CORS Antenna

Ang ten thu tin hiéu vé tinh GNSS st dung cho tram CORS la loai AR 25,
do hing Leica ché tao, duoc thiét ké theo kiéu ang ten vong (Choke ring
antenna), s dung vat liéu it co dan, loai bé dugc soéng tap do hiéu ing da duong
dan. Ang ten duoc thiét ké dinh tam theo 4 diém, tinh 6n dinh cta tim may dat
dén 0,8 mm, do chinh xac tdm pha dng ten 2mm, n6 c¢d kha ning bat duoc tin
hiéu vé tinh c6 goc ngudng nho nhat. Ang ten thu dugc tin hiéu vé tinh cua cac
hé théng GPS, GLONASS, GALILEO, BEIDOU.
2.GNSS CORS Receiver

Bo thu GNSS duoc sir dung cho tram CORS la model GR50 cua héng
Leica, c6 kha ning thu dugc 220 kénh, hd trg cac hé théng vé tinh GPS,
GLONASS, GALILEO, BEIDOU; h trg xuat ra s hi¢u chinh theo tiéu chuan
quéc té nhu RTCM 2.1, RTCM 2.2, RTCM 2.3, RTCM 3.0, RTCM 3.1, hd trg
truc tiép chuan NTRIP, hd tro kiém soat xac lap cau hinh tir xa. Cong két néi
bao gom Serial, USB, Bluetooth, Ethernet v&i cac kha nang HTTP, HTTPS,
TCP/IP, FTP, NTRIP Caster, NTRIP Server, NTRIP Client, Proxy Server. D0
chinh x4c do tinh vé mit phang 13 3mm + 0.1ppm RMS va d6 cao 1a 4mm +
0.4ppm RMS. Pinh dang sé liéu bd thu theo tiéu chuan RINEX v2.11 hoic
RINEX v3.0.

3. Cap ang ten (GNSS Antenna cable)

Cable ang ten c6 nhiém vu truyén tin hiéu vé tinh tir dng ten vdo CORS
Receiver. Cap ang ten duoc sir dung 1a loai LMR400 (hinh 3c) c6 chat luong tét,
thoi gian sir dung dugc 1au dai, chéng dugc nhiéu, chéng tham nuéc va ton that
tin hiéu nho.
4.Router va Modem

La thiét bi két ndi mang Internet cho toan bo hé thong tram CORS (hinh
3d), n6 ¢ nhiém vu truyén sb liéu cai chinh tir mang luéi 1GS vé tram CORS,
truyén sb cai chinh tir tram CORS dén cac tram dong ROVER, thu nhan dix liéu
do tir c4c tram dong ROVER va truyén di liéu do tir tram CORS dén mang luéi
IGS dé tiép tuc tinh toan toa do tuc thoi cho tram CORS.
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Mang Internet c6 su 6n dinh cao, khéng bi ngit quéng trong qué trinh 1am
viéc. Tai Router c6 cai dat 2 cong 6060 va 8080 dé co thé truy xuat dit liéu voi
IP tinh mac dinh trén Server la 118.70.171.179.

5. May tinh chu (Server Computer)

May chi duoc sir dung dé thiét 1ap tram CORS cua hang HP c6 cau hinh
manh, b nhd Ram 32 Gb, véi 3 6 dia cimg, dung lwong mdi 6 500 Gb. May chu
c6 bo luu dién UPS dé dam bao cho may cha khong bi mat dién dot ngot va hoat
dong duoc lién tuc. May chu duogc cai dat phan mém diéu khién hé théng tram
CORS va 12 noi luu trix s6 lidu. Véi tram CORS theo cong nghé cua hang Leica,
phan mém di kém theo c6 tén 1a Spider. Phan mém nay cé chiic ning tinh toan
s6 liéu, phan bo sb liéu tram thu tinh, cung cap thong tin sai phan cho diém do di
dong, xu ly sb liéu cia mang ludi do dong RTK, dong thoi hiéu chinh cac sb
nguyén da tri cia toan mang, thiét 1ap mé hinh cai chinh (gém cai chinh sai s6
tang d6i luu, tang dién ly, quy dao vé tinh).

Hé thong tram CORS di duoc thiét lap, xay dung va lip dat hoan chinh &
truong Pai hoc Mo - Dia chat Ha Noi (HUMG) c¢6 tén 1a CORS-N001 duoc thé
hién nhu hinh 5.

Hinh 5. Hé thong tram CORS da dwoc thiét [ap tai HUMG

4.3. Xac dinh toa do tram CORS
Hé thong tram CORS-N001 sau khi dugc thiét 1ap, mot nhiém vu quan
trong can phai thuc hién 1a xac dinh toa d6 tuyét ddi cua né trong hé toa do
WGS84 theo khung quy chiéu trai dat qudc té (International Terrestrial
14



Reference Frame — ITRF). Tram CORS-N001 d3 dugc két ndi vai 11 tram trong
mang ludi IGS (IGS Network) & khu vuc chau 4 1a cac tram BJFS — Béc Kinh;
tram SHAO — Thuong Hai; tram WUHN - Vi Han -Trung quéc; tram DAEJ —
Han Quéc; tram PIMO — Philippine ; tram NTUS — Singapore; cac tram TCMS,
TNML, TWTF — bai Loan; tram 11SC, LHAZ — An D6 (hinh 6).

P S BJFS "ge" Béc Tritu
Oz ; Tién ¢
Ta-girki-xtan DAEJ
(745 Quoc Nhis
sk ) ”“?;”
*xtan = O'?x bdo

Pa-ki-xtan T
oDl

Bénq-la;dét‘ f

Mi-an-ma
(Mién Dign)

Banghok

TICS &

Xridan-ca

Hinh 6. So @6 két ndi tram CORS-NO001 véi cac tram IGS

S6 liéu tram CORS duoc két ndi téi cac diém IGS tir ngay 24 thang 5 nam
2018 dén ngay 19 thang 6 nim 2018 c6 dang Rinex. Qué trinh binh sai, tinh toan
x4c dinh toa d6 cho tram CORS-N001 duoc thuc hién biang phan mém Bernese
5.0. Két qua céc thanh phan toa d6 va sai s6 cua cac diém trong hé toa 6 WGS-
84 dugc thé hién nhu bang 1
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Bang 1. Thanh phan toa d¢ va sai so ciia cac diém trong hé toa do WGS-84

Tén | Thanhphan | Gidtritoaddsau | Saisd | Thanhphan | Giatritoadd | Saisd
diém Toa do binh sai RMS Toa do sau binhsai | RMS
E 105 46 24.547827 | 0.0001 X -1618564.5576 | 0.0002

NO0O1 N 21 417.959085 | 0.0001 Y 5730005.6206 | 0.0004
U 0.9251 0.0005 z 2278800.1280 | 0.0002

E 115 53 32.957690 | 0.0001 X -2148744.3455 | 0.0002

BJFS N 3936 30.961952 | 0.0002 Y 4426641.2277 | 0.0005
U 87.4730 0.0006 z 4044655.8698 | 0.0003

E -3120042.2172 | 0.0003 X -3120042.2172 | 0.0003

DAE] N 4084614.7731 0.0005 Y 4084614.7731 | 0.0005
U 116.8446 0.0004 z 3764026.8438 | 0.0004

E 127 22 28.135474 | 0.0004 X 1337936.1054 | 0.0003

11SC N 36 23 57.940457 | 0.0002 Y 6070317.1240 | 0.0014
U 1427877.0782 0.0014 Z 1427877.0782 | 0.0040

E 91 614.505680 | 0.0002 X -106941.8237 | 0.0002

LHAZ N 2939 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 120 44.884523 | 0.0002 Y 6195576.5830 | 0.0007
U 75.3797 0.0008 z 148799.3612 | 0.0002

E 121 439.825827 | 0.0002 X -3186293.6975 | 0.0004

PIMO N 14 38 8.593138 | 0.0002 Y 5286624.3462 | 0.0006
U 95.5476 0.0007 z 1601158.3573 | 0.0002

E 12112 1.609450 | 0.0002 X -2831733.7544 | 0.0002

SHAO N 31 558.709684 | 0.0001 Y 4675665.8461 | 0.0005
U 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
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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
U 25.8540 0.0008 Z 3221290.6190 | 0.0004

Toa do cua tram CORS duoc thiét dat vao trong phan mém quan ly tram

CORS la NRS-Station va dugc nhan la toa do chinh xac cua tram CORS, 1a co

s& dé hiéu chinh cho cé4c tram quan trac.

5. Nghién ciru thiét ké phat trién b thu GNSS cho tram quan trac

Thu nhan va truyén dan sé liu tir tram quan tric vé trung tam xir ly sé liéu

tram CORS duogc thyc hién lién tuc nham cung cap vi tri khéng gian cua diém

quan trac theo thoi gian thuc. Thiét bi thu nhan va truyén din sb liéu GNSS

duoc thiét ké phat trién gém co cac module chinh nhu so d6 ¢ hinh 7.

” &

b) c)

Hinh 7. Mt s6 module dé phat trién b thu nhan va truyen din sé liéu

GNSS

5.1. Bo mach thu tin higu vé tinh GNSS
Bo mach dung dé thiét ké phat trién thiét bi thu nhan va truyén dan sé liéu
GNSS cua hé@ng Trimble BD970 (hinh 7a)
Bo mach Trimble BD970 thu dwgc 220 kénh cua cac hé théng GPS,
GLONASS, GALILEO, BEIDOU cho d¢ chinh xac khi do RTK 1a 8mm +1ppm

vé mit bang va 15mm + 1ppm vé do cao khi canh Baseline nho hon 30 km.

5.2. Chip diéu khién Atmega 328P

ATmega328P |a mot bd vi diéu khién tién ti€n va nhiéu tinh ning. N6 dyoc

thiét k& 8é xtr ly cac chydng trinh 1&n va moi vi diéu khién trong ho nay chira

lyong ROM, RAM, cédc chan | / O va céc tinh nang khac nhau va dygc san xuat

vdi cdc chdn 84au ra khic nhau, tr 8 chdn 8&n hang trdm chan. M3 code
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chuwong trinh duoc nap truc ti€p 1én vi xtr ly ATmega 328. Trong cac giao thirc
truyén dan tin hiéu, chip ATmega328 cé nhiém vu nhan dit liéu tinh toan va tra
vé cdc module két ndi cac |1énh, cac dir liéu tlr day tao thanh cic vong két ndi
lién tuc va phu thudc vao nhau.

Module duoc thiét ké véi 7 chan analog, 13 chéan digital, 6/13 chan digital
tich hgp. Bo mach chay trong vung dién ap tryc tiép DC tir 7V dén 20V, chip
ATmega 328 hoat dong & mic dién dp 6n dinh 5V, chip c¢6 cudng d6 0.2mA
toan bd Board c6 murc tiéu thu dién nang la 2,5W. Module x( ly dit liéu Arduino
UNO R3 nhu & (hinh 7b).

Chip ATmega 328 13 dong chip md&i, ho nha AVR hoat déng trén nén 8bit
4/8/16/32K Bytes clia hé théng bd nhé ty doéng lam viéc. 256/512/512/1K
Bytes bd nhéd ROM, 512/1K/1K/2K Bytes b6 nhé SRAM.

5.3. Module thu nhdn tin hiéu Max232

Module Max232 (hinh 7c) dwoc dung dé chuyén tin hiéu RS232
(Recommeded Standard 232) thanh tin hiéu logic TTL (Transistor-Transistor
Logic) va dé tao su giao tiép gilta cac thiét bi dung chuin RS232 va thiét bj
dung chuan TTL. Dac diém cda module Max232 la cé dd chinh xac cao va c6 d6
tin cay cao vé hoan thién dit liéu.

Module thu nhan tin hiéu max232 bao gébm c6 cac bd phan chinh nhu
sau:

+ Céng com RS232

+ Chip giao tiép IC Max 232

+ Ty, trd va cac pins ndi ra

+D3u ndi vao 1a zack cdm 9 chan chuan RS232
Cac dau ndi ra bao gdbm VCC(+5V), GND, RXD, TXD
Dac diém chinh cda IC Max232 13 ¢ téc do xtr ly cao, dong dién tiéu thu va do
tré tin hiéu nho.

5.4. Module lwu triv va truyén dén dir liéu vé mdy chid Ethernet W5100
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Pay la hé théng truyén dan ciing 1a hé théng lwu tri dit liéu. Module tich
hgp chip x& ly Ethernet W5100 cho t&c dd truyén mang LAN lén t&i 100Mbps.
Tich hogp thém tinh ndng gin thé nhé& Micro SD 1én t&i 4Gb (hinh 7d).

Trén Module con tich hgp cac dén bdo trang thai bao gobm dén bdo mang
LAN, Full, RX,TX... gitip cho viéc kiém soat 16i tr& nén dé dang linh hoat hon.

5.5. Module th&i gian thyc

Module thoi gian thuc (Real Time Module) c6 tac dung cap thoi gian thuc
cho Arduino dé x4c dinh duoc thoi diém truyén dit liéu tir tram Rover vé tram
CORS. Module thoi gian thuc (hinh 7¢) duoc hiéu chinh dinh ky tur thoi gian vé
tinh nén ludn dam bao do chinh xéac can thiét cho moi hoat dong trén hé thng
Rover.

Module thoi gian thuc giao tiép trwc tiép vdi Arduino bang chuan 1C2s
chan analog 5 va analog 6. Module dugc cdp ngudn 5V truc ti€ép tir Board
Arduino.

5.6. Module Bluetooth

Module bluetooth dugc sir dung dé diéu khién va giao tiép tir xa tir xa mot
cach dé dang véi vi diéu khién chi bang 2 chan Tx va Rx (hinh 7g).

Thiét bi dé giao tiép voi module Bluetooth 1a module Arduino UNO R3
théng qua cong Serial. Pé diéu khién module Bluetooth, mot chuong trinh may
tinh da duoc viét bang ngdn ngit lap trinh C#, sau d6 upload vao bd thu GNSS
théng qua cong USB nhd cong cu 1ap trinh Arduino.

5.7. Internet signal transmission system (Wireless Internet modem)

This is a signal transmission tool from Rover to CORS station and vice and
versa. In the CORS modem, the modem is integrated and additional supported
by output ports to create signal paths via wireless internet. This port is fixed
with a static IP address provided by the network (hinh 7h).

Véi cdc Module mé ta trén day véi mot sd thiét bi phu tro khic duwoc két ndi véi nhau theo so d6

nhu hinh 8.
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Hinh 8. So’ d6 két néi cdc module co bd tu GNSS
Cac mo-dun duoc 13p rap trong mot vo hop thiét ké tieu chuan va tao thanh maot bo thu GNSS hoan

chinh nhu trong Hinh 9.

Behind

Front

Hinh 9. B thu GNSS dang lap rap va da hoan thién

Bo thu GNSS sau khi duogc ldp rap hoan chinh, mot phan mém diéu khién

hoat dong cho né di duoc chlng t6i tu phét trién (Our self-developed software).
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Phan mém duoc viét theo dinh dang chuan dix liéu cua NMEA, sir dung cong cu
Iap trinh Arduino va ngdn ngir lap trinh C#.

M4 ngudn sau khi duoc viét va kiém tra 16i, dugc nap vao bo thu sé liéu
GNSS théng qua cong két néi USB véi may tinh nho cong cu lap trinh cua
Arduino.

6. Nghién citu phat trién bd truyén dir liéu GNSS cho tram quan tric

Viéc truyén sd liéu cai chinh RTCM va dit liéu quan trac theo chuan dinh
dang NMEA duoc thyc hién qua Internet theo giao thac NTRIP (Networked
Transport of RTCM via Internet Protocol) bang b truyén sé liéu da duoc thiét
phét trién (hinh 10).

Hinh 10. B truyén sé liéu GNSS theo giao thirc NTRIP
Bo truyén sb lieu GNSS 8yoc phat trién dya trén bo mach chu caa TP-Link
c6 cbng suat cao, sir dung chip cua Qualcomm &é nhan, giai ma va xu ly tin hiéu
ra vao, phat séng wifi, truyén tin hiéu cong LAN, ang ten nhan va phat tin hiéu.
Bo mach chu con duoc tich hop véi USB Dcom 4G 8¢ str dung dich vu vién
thong. Bo truyén sb liéu s dung nguon 12V nhd module thay doi dién é&p
LM?2596 khi dién ap dau vao Ién hon 12V.

Mot hé théng tram quan trac hoan chinh duoc thé hién nhu hinh 11

21



Hinh 11. Hé théng tram quan tric truot |6 dit da theo thoi gian thuc

7. Giai phap thiét ké, xay dwng hé thdng quan tric theo thoi gian thuc tryet
|6 34t 34 bai thai & cac mé than khai thac 1§ thién
Hé théng quan trac lién tuc chuyén dich thoi gian thuc dwoc nghién ciru
phat trién dwa trén cdng nghé GNSS/CORS. Toan bd hé théng gébm cé hai phan
chinh:
-Phan th& nhat 1a hé théng tram CORS (Continuously Operating Reference
Station)
-Phan thir hai 1 hé théng tram quan tric CMSS (Continuously Monitoring
Station System).
Co ché truyén dan sé liéu cai chinh RTCM va sé liéu tri do NMEA dugc
thuc hién theo giao thac NTRIP (Network Transport of RTCM via Internet

Protocol) trén nén mang IP bang cép quang hoic bang mang khong day.

So d6 két ndi toan bo hé thdng quan tric theo thoi gian thuc tryot 16 84t 84
bai thai ¢ cac mo than khai thac 19 thién bang cong nghé GNSS/CORS véi viéc

truyén sé liéu qua duong truyén Internet cap quang duoc thiét ké nhu hinh 12
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Hinh 12. So dd thiét ké két ndi hé théng quan tric tryet 16 dat 64 bai thai &

cac mé than khai thac 1 thién qua dyong truyén Internet

So db thiét ké két ndi ¢ tram quan tric trac truyén s liéu bang cap quang
Internet dugc thé hién nhu hinh 13
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cap quang Internet
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O nhitng khu vuc c6 mang truyén thong 4G hoic 5G, so d6 két ndi toan bo
hé théng quan tric theo thoi gian thuc tryot 16 84t 84 bai thai & cac mo than khai
thac 16 thién bang cong nghé GNSS/CORS véi viéc truyén sé liéu qua mang
vién thong 4G duoc thiét ké nhu hinh 14
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Contmuosly Momitoring Station System -
CMSS

Hinh 14. So dd thiét ké két ndi hé théng quan tric tryet 16 dat 64 bai thai &

cac mé than khai thac 1§ thién qua mang vién thong 4G

So db thiét ké két ndi ¢ tram quan tric trac truyén sb liéu qua mang vién
théng 4G duoc thé hién nhu hinh 15
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Hinh 15. So' d6 thiét ké két ndi ¢ tram quan tric truyén sé liéu qua

mang vién thong 4G
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KET LUAN

Ngay nay, cdng tac dinh vi trén mat dat duoc thuc hién bang viéc thiét 1ap
cac tram CORS su dung cdng nghé GNSS, ky thuat do dong thoi gian thuc véi
d6 chinh x4c cao dugc ung dung hiéu qua trong viéc quan tric truot 1o dat da
theo thoi gian thuc. Nghién cau ndy tap trung vao giai quyét van dé& quan tric
lién tuc truot 16 bai thai bang cong nghé GNSS / CORS. So d6 hé thdng quan
tric truot 16 dat da da duoc thiét 1ap bao gom hé thdng tram CORS va céc tram
quan trac. Cac dang ban tin caa dir liéu GNSS da duoc nghién cau va giai ma
thanh cong bao gom cac ban tin dinh dang NMEA duoc gui tir tram giam sét
chu d¢én may chu caa tram CORS. Mét hé théng truyén di liéu GNSS da duoc
thiét ké dé phat trién ca phan cang va phan mém c6 thé theo ddi thoi gian thyc,
lién tyc va tu dong veé sat lo bai thai. Hé théng duoc phat trién tu dong hoat dong
t6t, 6n dinh, dam bao va truyén dir liéu tic thoi tir tram quan trac vé may tinh

chu.
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