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monitoring system in real-time based on GNSS CORS technology in order
to monitor landslides at Xekaman 3 hydropower plant in the Lao people’s
Democratic Republic. A system with 18 monitoring stations and a CORS
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station has been designed to ensure the operation of system 24/7. The
connection diagram for data transmission from the monitoring stations
to the data processing center, as well as the connection diagram of the
devices at a monitoring station has been designed. A simulation
experiment has shown that the designed system can be applied for real-
time monitoring of landslide.
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Nha ma ' thav dién truyen ddn s liéu tir cdc tram quan trdc vé trung tdm xtr ly s6 liéu cling nhw

Xekama};l 3 y die so ' do két néi cdc thiét bi & mét tram quan trdc da dwoc thiét ké. Mot thi

o t’h thoi i nghlem mé phéng dd dwoc thu'c nghiém cho thdy hé thong hoan toan cé thé

31‘::1 ractheo thoiglan itng dung dworc dé quan trdc truot 16 dat theo thoi gian thuec.

Trém tham chiéu hoat

dong lie7n tEC [?ORS)’ © 2020 Trwong Dai hoc M6 - Bia chat. T4t ca cic quyén dwoc bdo dam.

Truwotld dat da.

1. Mé& dau sé giam thiéu dwoc nhitng ton that co thé xay ra.

Truot 16 dit da (landslides) la mot dang tai
bién tw nhién xay ra twvong ddi pho bién & ving doi
nui hoac & khu vuc khai thac khoang san do lam
mat thé cin bang cia khdi dit da. N6 1am cho mot
khéi lwong 16m dat da dich chuyén xudng phia
duwdi, bao phtl trong mot pham vi rong 1o, gay ra
nhirng thiét hai rit nang né vé ngudi va tai san, gy
nén suy thodi moi truwedng (Savvaidis, 2016). Quan
trac chuyén dich bé mit mai déc sé cung cap dugc
nhirng théng tin rit co gia tri ctia hién twgng trueot
1& nhw dd 1ém, van téc, gia téc cia chuyén dich.
Nhirng thong tin nay néu dwoc phat hién sém

“Tdc giad lién hé
E - mail: phamcongkhai@humg. edu.vn
DOI: 10.46326/]JMES.2020.61(1).02

Mot trong nhitng chién lwoc gidm thiéu rii ro do
trwotlé dat da giy rala phai cé hé thdng quan trac
theo thoi gian thwe va cdnh bao tirc thoi (Vu Van
Khoa, Shigeru, 2018). Pa c6 nhiéu giai phap ky
thuat da dwoc dé xuit dé quan tric truot 1o dat da
biang hé théng cac cdm bién gin vao khéi truot
(Georgieva et al,, 2015; Kuang & Cao, 2015). Hé
thong dinh vi toan ciu GPS da dwoc nghién ctu
rng dung dé quan tric truot 1& cho khu dinh cw
nha mdy thiy dién (Ruya, Xiufeng, 2013) cho thay:
sai s6 quan trac dich chuyé&n ngang 12 2 mm va sai
s0 dich chuyén ding 1a 4 mm. Cac phwong phap
nhw st dung may toan dac dién ti (Serena Artese,
Michele Perrelli, 2018), may quét lazer mat dat
(Irwan, et al,, 2017), cong nghé GNSS va ky thuat
vién tham (Tommaso et al., 2019) ciing da duorc
str dung trong viéc quan trac trot 1o dat da.
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Mobi phwong phap déu c6 nhitng wu va nhwoc
diém cling nhw kha ning ap dung cta nd. Tuy
nhién c6 mot dic diém chung cia cic phuong
phép trén dé quan trac trwot 1& 1a van chua thuc
sw quan trac dwoc theo thoi gian thuc, nén chua
thé canh bao tic thoi.

Nha may thay dién Xekaman 3 dwoc xay dung
va dwa vao van hanh tir nam 2013, tuy nhién vao
nam 2016 da xay ra sw o trot 16 mai doclam pha
hily dwdmng 6ng din nwéc vao t6 may va giy ra
nhiéu thiét hai khac. ' nha may da bé tri mot hé
théng quan tric trwot 16 bing may toan dac dién
ti, tuy vay day ciing 12 quan tric theo chu ky, do
d6 khong thé dwa ra cdnh bao mot cach tie thoi.

Bai bdo nay trinh bay nghién ctru thiét ké, xay
dung mot hé théng quan tric theo thoi gian thuc
trwot 1o dat dd mai doc & nha may thiy dién
Xekaman 3.

2. Nguyén ly hoat dong cta hé théng quan trac
chuyén dich theo thi gian thyc

Nguyén 1y hoat dong cua hé théng quan tric
dich chuyén bién dang cau theo thoi gian thuc
dwoc dwa trén nguyén ly hoat dong cia hé thong
GNSS/CORS (Hinh 1). Tin hiéu vé tinh GNSS duwoc
angten (1) thu nhén, truyén vé bd thu
GNSSNetS8+ thong qua mot day cap chuyén dung.
Tai day, tin hiéu vé tinh dwgc giai ma va di qua
modem (3) vé may tinh chu (4). Thdng qua may
tinh chd dwoc két néi voi mot dwong truyén
Internet ¢c6 mot dia chi IP tinh, c6 thé phan cip
quan ly, tuy theo tirng d6i twong nguwoi st dung
bang hai phin mém di kém: NRS - Station (phuc
vu tinh toan s6 liéu, phan bé s6 liéu tram thu tinh)
va NRS - Server cung cip thong tin sai phan cho
diém do di dong, xtr Iy s6 liéu ciia mang lwéi do

GPS/GLONASS GALILEQ/CORMP ARS

Continuously Monitoring Station System

(GNSS) (CMSS)
= &mm GNSS Data Modem
" Transmitter Wireless Iniernet
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TCPIP NTRIP Server
——
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3G Internet
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Hinh 1. Sor d6 nguyén Iy hoat dong ctia hé théng quan trdc chuyén dich theo thoi gian thuwc
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dong RTK, dong thoi hiéu chinh cic s6 nguyén da
tri cia toan mang, thiét14p mo hinh cai chinh (gom
cai chinh sai s6 ting déi lwu, ting dién ly, quy dao
vé tinh). Cac sd liéu & tram CORS dworc thu lién tuc
vOi tin suit 1Hz va dwoc thiét dat trong phin
mém diéu khién trung tdm. S6 liéu dwoc lwu triv
trong mét thw muc nhit dinh trong may chu theo
chuén dinh dang cta tép RINEX.

Viéc quan trac chuyén dich dwoc thwc hién
theo phwong thirc do dong xi ly tirc thoi RTK
(Real Time Kinematic). Tram st dung la may thu
GNSS da tan c6 khe 13p sim dién thoai dit & tram
quan trac, két ndi dén tram CORS va giri toa do gan
dung dén tram chi théng qua chudi s6 liéu do c6
dinh dang chudn dir liéu cia NMEA (National
Marine Electronics Association - Hiép hdi dién tr
hang hai quéc gia, My) (http://igs.bkgbund
.de/root_ftp/NTRIP/documentation/NtripDocu
mentation.pdf/). Tram chi sau khi nhan dworc toa
dod gan dung sé tinh toan dwoc véi mang vién
thong dé truyén so liéu thong qua phidn mém
chuyén dung cai diat trong s6 do dién t
(Fieldbook). S6 liéu do cia tram st dung dwoc gii
vé tram chu theo dinh dang chuin dit liéu cta
NMEA (National Marine Electronics Association -
Hiép hoi dién tik hang hai qudc gia, My).

Tai may chti c6 cai dat mot phan mém véi tén
goi NRS - Server sé tinh toan va xac dinh sé cai
chinh cho tram s dung va xac dinh dwogc toa do
chinh xac cho tram st dung va truyén di theo dinh
dang dir liéu RTCM (http://igs.bkg.bund.de/root_
ftp/NTRIP/documentation/ NtripDocumentation
.pdf/ ) nho thiét bi thu nhan va truyén dan sé liéu
(GNSS Data Transmitter) dwoc tac gia nghién ciru,
thiét k&, phat trién. Toa do ctia tram quan trac

NTRIP Client (1)

: HTTP Streams :

duorc tinh theo cong thirc (1):

Xy = X () +6x(t)
Yy =Yy () + 8y(¢) (1)
Zy =Zy() +8z(t)

Trong d6: X, Yu, Zv1a toa dd cia tram quan tréc
can xac dinh trong hé toa d6 thuc dung cta tram
CORS ; Xu(t),Yu(t), Zu(t) 1a toa do dinh vi tuyét doi
clia tram quan trac & thoi diém t; (t), H(t), %(t)
12 s8 cai chinh cho tram quan trac dwoc xac dinh
theo cong thitrc (2):

6x(t) = Xcors — Xcors(t)
8y (t) = Yeors — Ycors(t) (2)
6z(t) = Zcors — Zcors(t)

Trong d6: Xcors, Ycors Zcors 12 toa do6 da biét
trong hé toa do thwc dung ctia tram CORS; Xcors(t),
Yeors(t), Zcors(t) 1a toa d6 dinh vi tuyét d6i clia tram
CORS & thoi diém t.

Co ché truyén dan s6 liéu cai chinh va tin nhan
tri do theo dinh dang cta hiép hdi dién tir qudc gia
My (National Marine Electronics Association -
NMEA) dwgc thuc hién theo phwong thirc NTRIP
(Network Transport of RTCM via Internet
Protocol) trén nén mang IP (http://igs.bkg.
bund.de/root_ftp/NTRIP/documentation/NtripD
ocumentation.pdf/). Phwong thitc truyén dan s6
liéu cua mang lwdi tram CORS theo giao thic
NTRIP dwoc thé hién nhw Hinh 2.

3. Thiét ké hé thong quan trac lién tuc mai dao
nha may thiy dién xekaman 3 theo cong nghé
GNSS CORS

3.1. Gidi thiéu vé cong trinh

Cong trinh thuy dién Xekaman 3 dwoc khoi
cong xay dung vao nam 2006 va hoan thanh vao

NTRIP Client (n)

NTRIP Caster

NTRIP Server (1)

T
45_ NTRIP Source (1)

: HTTP Streams :

NTRIP Server (m)

T
NTRIP Sourcer (p) j:\

Hinh 2. Phuong thikc truyén dén sé liéu cia tram CORS theo giao thitc NTRIP.
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nam 2013, ndm trén dong Nam - pa - nu, nhanh
chinh cia Séng Xekaman, chi lwvu cia song Sé
Kong. Cong trinh thudc dia phan huyén Dac
Chung, tinh Sé Kong nwéc Cong hoa Dan chii Nhan
dan Lao, cach bién gidi Viét - Lao qua clra khiu
Nam Giang - Dak Ta 06c khoang 40 km. Thuy dién
Xekaman 3 dan nwéc dén t6 may phat dién bang
dwong 6ng c6 dwong kinh 4 m, chiéu dai hon 7 km
di su dwédi long dat. Do anh hwéng cda ciu tric
dia chat va dia hinh cling nhw qua trinh thi c6ng
phan mai déc phia trén nha may lam xuit hién
mot khoi truegt 1ém c6 nguy co anh hwdng dén nha
mady phat dién (Hinh 3). D€ dadm bdo an toan cho

THAILAND

CAMPUCHIA

nguoi va thiét bi cia nha may, mot giai phap céng
nghé quan tric truot 16 theo thoi gian thwe da
dwoc nghién ctru.

3.2. Thiét ké b6 tri tram quan trdc

Dwa trén quy mo cia nha mdy, yéu cau cla cong
tAc quan trac, thoi gian quan trac, dic diém vé cdu
truc dia chat, dién tich viung trweot 1é va khéi lwgng
dat da trong pham vi c6 nguy co treeot 16 va yéu cau
ctia nha thau lién doanh Viét - Lao b tri 18 tram
quan trac. Cac tram quan trac nay duoc thiét ké
trén ban d6 dia hinh ty 1& 1:10.000 va phan b6 déu
trong ving c6 nguy co trwot lé cao (Hinh 4).

Hinh 3. Vi tri nha mdy thuy dién Xekaman 3 va khoi truott.

A-A

Hinh 4. So db b6 tri cdc tram quan trdc. (a) Binh do bé tri tram quan trdc; (b)mdt cdt dia chdt theo
tuyén dan nuéc.
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3.3. Thiét ké mang Iwéi truyén dan sé'liéu cho
hé théng cdc tram quan trdc

Viéc truyén dan sé liéu cta hé théng quan trac
theo cong nghé GNSS CORS thuwong dwoc thuc
hién qua giao thirc NTRIP (Hinh 2). S6 liéu dwoc
truyén dan qua mang internet va qua séng vién
thong 3G (4G hoac 5G). Tuy nhién, do nha may
thiy dién Xekaman 3 nim & khu vuc chwa cé song
vién thong, vi vay giai phap cho viéc truyén dan s6
liéu 1a str dung dwong truyén internet. So do thiét
ké mang lwéi truyén dan s6 liéu cho toan bd hé
théng cic tram quan tric dwoc thé hién nhuw &
Hinh 5.

Tram CORS

|

3.4. Thiét ké két néi thiét bi & mét tram quan
trdac

Céc bd phan thiét bi & tram quan tric phai
dwoc két n6i d€ dam bao thu nhan dwoc so liéu
quan trac lién tuc v&i tAn sult thu s6 liéu it nhat 1a
1 gidy thu mot thong tin tri do sau d6 dugc xt ly
va dua ra canh bao tirc thoi bang 4m thanh, hinh
anh (dén canh bio) dé nhan biét dwoc tinh trang,
murc do treot 16 dat da. Hé thong thiét bi va sor do
két ndi & mot tram quan trac dwoc thiét ké nhuw &
Hinh 6.

Trong cac thiét bi & tram quan trac bd thu GNSS
(2) dwoc nghién ciru phat trién bai tac gia (Pham

o5
®
=)

B /ﬁ bo @
(O
. 2 Hop
Ta dam ||| oD || oD | oD || oD - \ =
noi frung \ \ / / chia @
tam quang [ ] D-O D-O
+.—-
Internet W ﬁl

SERVER

\

o
o

Heé thong cac tram quan trac

Hinh 5. So do thiét ké mang lwdi truyén dan sé'liéu ctia hé théng quan trdc.

Shi chil: Angten GN3S

B& thu GN33

Module chuyén

d8i quang — didn

Miodule bao ddng

Bén canh bao

Module kifm sodt

Cap dien

Cap quang

A A

Cap quang wva
cap dién néi
vol trung  tam
kiém soat

Hinh 6. Sor do thiét ké két ndi thiét bi & mot tram quan trdc.

nguon dién

OI0I0I0I0I00

Bd lwudign 12V
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Cong Khai va nnk., 2019). Thiét bi nay cé thé thu
tin hiéu ca bon hé thong vé tinh GPS, GLONASS,
GALILEO, BEIDOU véi 220 kénh. Phan thi cong lap
dit cac thiét bi cho tram quan trac dwoc thiét ké
bang phan mém AutoCAD va duwgc thé hién nhw
Hinh 7.

4. Thyc nghiém mo phdong

DE kiém chirng sy hoat dong cling nhw d tin
cay cua hé thdng quan trac da dwoc thiét k& mot
thuc nghiém mé phong dwa trén mét hé thong
thiét bi da dwoc thiét ké, ché tao gom mot dwong
ray nam ngang c6 gan mot thudc thép dé xac dinh
chuyén dich ngang va mot thwdc thép gan vao
mdc hinh tru thing dirng dé€ xac dinh dich chuyén
dimg. Phia dwéi cia mdc quan tric c6 gin 4 banh

xe, ¢6 thé chuyén dich trén dwong ray. Thiét bi
quan trac gbm mot dng ten thu tin hiéu vé tinh
GNSS, mot bo thu va truyén dan sé liéu GNSS da
dwoc phat trién, modem Internet, dcquy, tAim pin
nang lwong mat troi va cac phu kién kem theo.
Ang ten GNSS dwoc dit ¢§ dinh 1én mdc quan tric
va ndi véi bd thu nhan bang cap chuyén dung. Str
dung tram CORS - N0O1 lap dit & Trwong dai hoc
Mo - Dia chit dé truyén sé cai chinh cho tram quan
trac thong qua dia chi IP: 118.70.171.179 va cdng
két néi 6061. Hé thong dwong ray dwoc dat trén
mot mat déc va gin song song véi truc OY (Hinh
8). D€ thu nhén, xtr Iy s6 liéu va dwa ra canh bio,
mot phan phidn mém ty thiét ké xay dung cé tén
SERVER GNSS CORS WDM (Hinh 9) dworc cai dat &
may cha.

C6t thu 151

Hs théng

Antena piay  Hing rao thép B40

Tin

¥ac dinh chuyén
dich ding

¥ac dinh chuyén
dichngang

Hinh 8. Hé théng thuc nghiém mé phdng quan trdc trueot I& ddt dd theo thoi gian thuec.
(a) Hé théng tram CORS; (b) Hé théng tram quan trdc.
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Viéc thuc nghiém mo phong hé théng quan tréc
dwoc tién hanh vao ngay 30 thang 10 niam 2019.
C4c thiét bi cia tram quan trac sau khi dwoc lap
dat, bat cong tac ngudn, hé thdng sé tw dong lam
viéc sau 15 gidy. Ang ten thu tin hiéu vé tinh GNSS
va truyén vé b thu, & day tin hiéu dwoc giai ma
thanh dir liéu theo tiéu chudn NMEA va truyén vé
mady cht thong qua mang vién théng 3G. Sau d6
dich chuyén méc quan trac c6 dit ang ten di mot
khodng cach nhit dinh. Dai lwong dich chuyén cia
mdc quan trac nay duoc xac dinh dwa vao thuéc
thép gin trén mdc quan tric (dai lwgng nay dung
dékiém tra), sau d6 dwa vao s6 liéu quan trac & hai
thoi diém dé xac dinh dai lwong dich chuyén. Mot
doan s6 liéu thu duoc & tram quan trac theo tiéu
chuidn NMEA & dang GGA dwoc thé hién nhu &
Bang 1.

Tir s6 liéu quan trac nhw & Bang 1, loc ra d€ 14y
cac gia tri toa do da dworc cai chinh tir tram CORS.
T cac gia tri toa do do6 trong hé toa do0 WGS84,
tinh d6i sang toa do VN 2000 theo cong thirc (3),
(Pham Hoang Lan va nnk., 2017).

X = AXO + k(X, + Soyl — ‘P()Z,)
Y =AYy + k(—goX' +Y' + woz) ()
Z = AZO + k(‘PoX, - (,()Oyl + Z,

Trong d6: X, Y, Z1a toa do vuong goc khong gian
trong hé toa do VN - 2000, (m); X, Y,Z’1a toa do
vuong goc khong gian trong hé toa dé WGS - 84,
(m); 4X,, AY,, AZ, 1a cic tham s0 dich chuyén goc
toa do (m); o, W, & la 3 goc xoay truc toa do
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twong rng véi cac truc X, Y, Z, ( radian); kla hé s6
ty 1& chiéu dai gitra 2 hé.

Cac tham sé tinh doi toa d6 tirhé WGS - 84 sang
hé toa d6 VN - 2000 do B6 Tai nguyén va Moi
treong cong bo, (Quyét dinh 05/2007/Qb -
BTNMT).

Gia tri toa do ctia tram quan tric sau khi tinh
doi sang hé toa do VN2000, tinh ra gia tri trung
binh cho tirng théi diém quan trac. D9 dich chuyén
theo truc X, theo truc Y va dich chuyén toan phan
dwoc xac dinh bang hiéu toa dd gitra hai thoi diém
quan tric, dwoc xac dinh theo cac cong thirc sau:

- Chuyén dich theo truc OX:

Ox=X+1-X
- Chuyén dich theo truc OY:
Qr=VYH-y
- Chuyén dich toan phén:

Q= |0z +07

Trong Bang 2 thé hién gia tri chuyén dich
ngang xac dinh bang thiét bi quan tric va dugc do
truc tiép bang thwéc thép gin trén mdc quan trac,
do6 chénh 1éch vé chuyén dich ngang1én nhatla 3.3
mm, nho nhitla 2.2 mm.

Nhu viy bing hé théng quan trdc da dwoc
nghién ctru thiét ké hoan toan c6 thé rng dung vao
trong cong tac quan trac chuyén dich mai déc &
nha may thiy dién Xekaman 3 néi riéng va cac doi
twong trén mat dit ndi chung,

Server GN55 CORS WDM

Tep CaiPat CacTienlch  Théngtin
Cai dat Rover

Céng
Rover 1 Xemdiiliéu | | B&tDau | Caidat | [mm| Nhan:OMb
Rover 2 Xem diiicu | |ENMGNEMN | Caidat | [WE Nhan:3471.11Mb
Rover 3 Xem diiticn | |JESEENEMN | Caidst | (WM Nhan:14.55Mp
Rover4 (3004 | | Xemdiilitu | ([NESEENSHN < Caids | (eE) Nhan: 0Mp
Rover 5 Xem diificu | |[ENGNEN | Ciidat | M| NhEn:OMp
Rover § BEEEEE| | csics | (| Mhin: 7747 Mb
Rover 7 Xemdiligu | | BAtP3u | |Caidst | [HH] Nhén:OMb
Rover 8 Xemdiiligu || B&D3u | |Caidst | (M| Nhan:0Mp
Rover 9 Xemdifligu || B&BEu | |Caidat | (M| Nhan:0Mb
Rover 10 [3010 | [Xemdiitiéu | | B&Dau | [caids | [mm] Nhan:OMb
Rover 11 Xemdiiligu || B&B3u | |Caida | [WH| Nhin:0OMb
Rover 12 [3012 | [Xemdiiliéu | | B&Dau | [caids | [mm] Nhan:OMb

— m| x
Cai dat Rowver
Céng

Rover 13 Xemdiligu | | B&tPau | |Caidat | (WE] Nhan:OMb
Rover 14 Yemdiligu | | B B3u | | Caiddt | [EE Nh3n:0Mb
Rover 15 ¥emdiflidu | | B& PEu | | Caidat | (W] Nhan:OMb
Rover 16 |3016 ¥em dij ligu Bt BiEu Caidat |EE| Nhan:0Mb
Rover 17 3017 ¥em dij ligu Bt EEu Caidst B Nhin:0Mb
Rover 18 Xemdiilitu | | B& D2 | |Caidat | (M npanoomb
Rover 19 Yemdiigu | | Batoau || Caida | ™ nnsnoowmb
Rover 20 Yemdiilieu | | B&PEu | |Caidst | [HE| Nhan:0Mb
Rover 21 Xemdiilieu | | B&tDau | |Caidst | [EE] Nhan:OMb
Rover 22 (3022 Yem dil ligu Bt Ei&u Caidat == Nhan:0Mb
Rover 23 Xemdiilitu | | B&t®Eu || Caida | [WE| Nhan:OMb
Rover 24 Xemdiilitu | | B& D2 | |Caidat | [WE| Nhan:OMb

Hinh 9. Phdn mém thu nhén va xir ly s6 liéu quan trdc.
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Bdng 1. S6'liéu quan trdc theo tiéu chudn NMEA & dang GGA.

$GNGGA,165942.00,2102.85446077,N,10547.23253617,E,4,20,0.7,25.588 M, - 28.232,M,1.0,0000*4E

$GNGGA,165943.00,2102.85446077,N,10547.23253618,E,4,20,0.7,25.589,M, - 28.232,M,1.0,0000%41

$GNGGA,165944.00,2102.85446071,N,10547.23253619,E,4,20,0.7,25.588 M, - 28.232,M,1.0,0000*40

$GNGGA,165945.00,2102.85446066,N,10547.23253624,E,4,20,0.7,25.588,M, - 28.232,M,1.0,0000%49

$GNGGA,165946.00,2102.85446071,N,10547.23253623,E,4,20,0.7,25.588 M, - 28.232,M,1.0,0000*4B

$GNGGA,165947.00,2102.85446070,N,10547.23253634,E,4,20,0.7,25.588 M, - 28.232,M,1.0,0000*4D

$GNGGA,165948.00,2102.85446071,N,10547.23253633,E,4,20,0.7,25.588 M, - 28.232,M,1.0,0000*44

$GNGGA,165949.00,2102.85446065,N,10547.23253632,E,4,20,0.7,25.588 M, - 28.232,M,1.0,0000*41

$GNGGA,165950.00,2102.85446073,N,10547.23253629,E,4,20,0.7,25.588 M, - 28.232,M,1.0,0000*44

$GNGGA,165951.00,2102.85446071,N,10547.23253623,E,4,20,0.7,25.588 M, - 28.232,M,1.0,0000*4D

$GNGGA,165952.00,2102.85446068,N,10547.23253630,E,4,20,0.7,25.588 M, - 28.232,M,1.0,0000*44

$GNGGA,165953.00,2102.85446063,N,10547.23253625,E,4,20,0.7,25.588 M, - 28.232,M,1.0,0000*4A

$GNGGA,165954.00,2102.85446064,N,10547.23253628,E,4,20,0.7,25.588 M, - 28.232,M,1.0,0000%47

$GNGGA,165955.00,2102.85446060,N,10547.23253628,E,4,20,0.7,25.588,M, - 28.232,M,1.0,0000*42

$GNGGA,165956.00,2102.85446059,N,10547.23253622,E,4,20,0.7,25.589,M, - 28.232,M,1.0,0000*40

$GNGGA,165957.00,2102.85446051,N,10547.23253633,E,4,20,0.7,25.588 M, - 28.232,M,1.0,0000%48

$GNGGA,165958.00,2102.85446061,N,10547.23253629,E,4,20,0.7,25.588,M, - 28.232,M,1.0,0000*4F

$GNGGA,165959.00,2102.85446060,N,10547.23253626,E,4,20,0.7,25.588,M, - 28.232,M,1.0,0000*40

Bdng 2. Xdc dinh va ddnh gid do chinh xdc két qud quan trdc chuyén dich ngang.

Lan Toa do (m) Chuyéndich (mm) | o \van dich do | Chénh lch
quan X Y Theo truc X | Theo trucY Tof n truc tiép (mm) | (mm)
trac phan
1 | 2330873.1892 | 580572.4845 - - - - -
- - 1.9 19.6 19.7 23.0 3.3
2 | 2330873.1911 | 580572.5041 - - - - -
- - 3.4 34.2 34.4 315 2.9
3 | 2330873.1945 | 580572.5383 - - - - -
- - 3.3 42.9 43.0 40.0 3.0
4 | 2330873.1978 | 580572.5812 - - - - -
- - 3.2 54.4 54.5 57.0 2.5
5 |2330873.2010 | 580572.6356 - - - - -
- - 4.2 59.7 59.8 62.0 2.2
6 |2330873.2052 | 580572.6953 - - - - -

5. Kétluian

Truwot 1& dat da & nha may thuy dién Xekaman
3 da xay ra lam thiét hai riat 1én vé tai san, mac du
& nha may da c6 hé thdng quan trac bang may toan
dac dién tir nhung 12 quan tric theo chu ky nén
khong thé dwa ra canh bio theo thoi gian thyec. Véi
tng dung cta cong nghé GNSS CORS viéc quan
trac theo thoi gian thuce trvot 1 dat d4 & nha may
thiy dién Xekaman 3 da dwoc nghién ciru thiét ké

v&i 18 tram quan trac bd tri trén bé mat va 01
tram CORS. Mot mang lwédi truyén dan sd liéu
quan tric quan tric va truyén dan sé liéu cai chinh
clia tram CORS di dwoc thiét k&€ bang dwong
truyén internet cap quang toc do cao. Mot so do
két ndi cac thiét bi & tram quan trac va ban vé thi
cong xay dung tram quan trac da dwoc thiét ké.
Thuc nghiém mo phong quan trac chuyén dich
theo thoi gian thwe da dwoc tién hanh véi tram
CORS - N001 va hé théng tram quan trac da thiét
ké phat trién ca vé phan cirng va phadn mém cho
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phép xac dinh dwoc dd chuyén dich nhé nhat dén
2.2 mm va canh béo titc thoi bang hé théng am
thanh va 4nh sang dé dé dang nhan biét.
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