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Tém tit

Bai b4o trinh bay két qua nghién ctru xay hé thong quan tric va chuong trinh canh bao sém thoi gian thyc cong
trinh vé&i k¥ thuat GNSS-RTK. Muc tiéu cua nghién ctru 1a xy dung va van hanh dugc chuong trinh canh bao
thoi gian thuc béng deén véi gia tri dau vao tir cac tri do GNSS-RTK da duge loc cac gia tri ngoai lai theo luét
phan bd chuén cua day tri do. Thuc nghi¢ém da su dung mot tram base va mot may thu rover theo phuong phép
GNSS-RTK tram don & khoang cach 17 km, tin sudt cdp nhat 1a 10 Hz va tin suét 1y mau 1a 1 Hz. Phuong
phap truyén phat s6 hiéu chinh 1 dung mang 4G, giao thirc NTRIP. Chuong trinh canh bao duoc 1ap trinh bang
ngon ngit C# v6i module wifi ESP8266. Két qua ciia nghién ciru 1a mot hé thong canh bao bang dén da dugc
xdy dung thanh cong va van hanh tron chu. Pay ciing 1a két qua budc dau dé mé rong phuwong thirc canh bao
v6i tin nhan dién thoai hodc thu dién tir va xay dyng mot hé thong canh bao hoan thién vdi nhiéu tram rover &
cac vi tri khac nhau.

Tw khod: quan tric; canh bao; GNSS-RTK; loc ngoai lai; giao thirc NTRIP.

BUILDING A DISPLACEMENT MONITORING SYSTEM AND EARLY WARNING USING GNSS-RTK
TECHNIQUE

Abstract

This paper presents the research results of building a monitoring system and real-time early warning using the
GNSS-RTK technique. The object of the study is to establish and operate a real-time warning program using a
light with input data from GNSS-RTK observations that filtered outliers following a normal distribution. The
study uses a base, a rover, the single base method at 17 km, 10 Hz sensitivity, and 1 Hz sample interval. The
method of corrections transmission is the 4G network, and the NTRIP protocol. The early warning program is
coded by C# language combined with an ESP8266 wifi module. The result of the study is successfully building
awarning system using an alert light and operating smoothly. These are also the initial results to expand warning
mode with phone messages or email and build a complete warning system for many rovers in different locations.

Keywords: monitoring; warning; GNSS-RTK; outliers filtering; NTRIP.
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1. Gioi thiéu
Su phat trién cua cac hé théng dinh vi toan cau, hé théng dinh vi ving 1am gia tang sb lugng cac
chom sao v¢ tinh trén bau troi va so lugng vé€ tinh co6 thé 1€n t6i hang chyc v¢ tinh tai mdi thoi diém
*Tac gia dai dién. Pja chi e-mail: quangvn@utt.edu.vn (Quang, V. N.)
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[1]. Céc k¥ thuat dinh vi méi [2, 3], k¥ thuat xtr Iy két hop cac hé dinh vi vé tinh [4-7] da 1am gia ting
dang ké d6 chinh xac cia phwong phap dinh vi GNSS. Do d¢, cac tng dung ciia GNSS ngay cang
dugc mo rong trong nhidu linh vyuc. Lién quan t6i linh vie quan tric, nghién ciru [1, 8] dé thong ké
hang loat cac cong trinh 16n duoc quan tric bang cong nghé GNSS bao gdm nha cao tang [9, 10], bng
khéi [11, 12], dap, cac toa thap [13, 14] hay cac cdy cau c6 quy md 1on [15, 16] vdi cac ki thuat do
dong thoi gian thuc GNSS-RTK tram don, do dong xtt 1y sau (PPK), do dong thoi gian thuc voi hé
thong tram tham chiéu hoat dong lién tuc (Net-RTK) va phuong phap PPP [1]. Trong cac hé thong
quan tric sirc khoe két ciu da duoc trién khai, hé thong GNSS dong vai tro then chdt dé danh gia tinh
trang an toan cta két cau [17-19] va qua trinh van hanh, bao tri s& bj anh huong néu két qua co chira
sai s6 16n.

O Viét Nam, cac cong trinh ¢6 quy mé 16n, két cdu phirc tap di gia ting nhanh chong trong nhimng
nam gﬁn day déc biét 1a cac cong trinh cau nhu cau M7 Thuén, cau Kién, cau Can Tho, ciu Binh, cau
Bai Chay, cAu Rach Miéu, cdu Thuén Phude, cAu Ctra Pai va c6 nhiéu ciu d3 duoc trién khai hé théng
quan tric két ciu v6i hé thong GNSS. Vé mit nguyén tic, cac hé thdng nay co cau tric va phuong
thirc van hanh twong ty nhau. H¢ théng thiét bi va cac cai dat cia hé thé)ng ¢6 thé tham khao trong
nghién ctru [20—22]. Nghién ciru [23] ciing d4 nhan dinh ring kiém soét cac yéu td tac dong téi cong
trinh trong subt qué trinh thi cong, van hanh va bao tri 1a nhiém vu bt budc cua cac nha dau tu, cac
nha thau va cac ban quan 1y dy 4n. Diéu nay ciing di dugc cu thé hoa trong cac tiéu chuan hién hanh
cua nha nudc.

Trong cac hé thong quan tric strc khoe két cdu dugc trinh bay & trén, c6 mot s yéu t duoc rat ra
nhu sau:

-Phan 16n cac thiét bj duoc trién khai boi cac hang c6 lich st hinh thanh lau doi, c6 thwong hiéu
l6n nhu Leica, Trimble, Septenrio.

- Hai giai phap duogc sir dung nhiéu nhat bao gdm do dong thoi gian thue (tram don hodc mang
lu6i tram tham chiéu hoat dong lién tuc-CORS) va do dong xu 1y sau. Véi do dong xtr 1y sau, k¥ thuat
nay c6 thé cho ra d6 chinh xéc tot hon nhung c6 d6 tré vé mat thoi gian. Nguoce lai phuong phap do
dong thoi gian thyc lai cho két qué tl'rc thoi.

- Cac g6i quan tric stc khoe két cau trong do6 co g1a1 phap GNSS chu yéu dugce thuc hién bdi nha

cung cap nuoc ngoai. Pidu nay din dén sy phu thudc vé mit trién khai va van hanh hé thong. Thuc
té chi ra rang c6 hé thong quan tric khong hoat dong sau khi qua trinh xay dung dugc hoan thanh va
dua vao st dung mot thoi gian.

Céu 1a céc cong trinh c6 thiét ké khong can ximg, chiu nhiéu tic dong cua cac yéu td ngoai canh.
Cong tac quan tric nham theo doi kip thoi cac phan tng ciia ciu theo thoi gian 14 rit quan trong. Dya
trén cac két qua quan tric, cac nha quan Iy s& dua ra cac chuong trinh van hanh va bao tri hop ly dé
dam bao tinh an toan cua nguoi, phuong tién va két ciu. Trong hé thdng quan tric strc khoe cong trinh
cau, phan canh bao cha yéu dang dugc tap trung hién thi trén d6 thi khi vuot ngudng canh bao dua vao
va chi c6 bd phan quan Iy quan sat dugc. Trong cac cong trudng dang thi cong xay dung, viéc canh
bao bang cac dén dé dé nhan biét 1a co y ngh1a thiét thyc. Nghién ctru huong toi xay dung hé thong
quan tric st dung k¥ thuat GNSS-RTK két hop véi dén canh bao trong bdi canh yéu cau vé cong tac
quan tric ngay cang dugc quan tim nhiéu hon, ngudi dung c6 nhiéu Iya chon hon vé thiét bi va nha
cung cap. Muc tiéu 1a giam su phu thudc vao cac don vi cung cap doc quyén, tién toi co thé chu dong
it nhat 1a hang muc GNSS trong tong thé ctia hé thong quan tric stc khoe két cau.
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2. Quy trinh va phwong phap nghién ctru

2.1. Quy trinh thuc nghiém

Quy trinh thiét 1ap hé thdng quan tric va hé thdng canh bao dugc thé hién trong Hinh 1. Trong
d6, t6 hop quan tric bao gdm 01 may base, 01 mdt may rover (s6 lwong base co thé nhiéu hon néu
khoang cach base-rover 16n hodc s6 diém quan trac thiét ké 1 nhiéu hon) duoc két ndi va truyén phat
s6 hiéu chinh qua mot server. Tb hop canh bao bao gf”)m module wifi ESP8266, cong tdc va dén canh
béo. Toan bd dién bién két qua quan trac ciia to hop quan tric duoc nguoi ding két ndi bang tai khoan
thong qua ma du an. Két qua ciing duoc cip nhat lién tuc theo gioi gian thuc va hién thi trén biéu dd
dao dong online. Song song v&i do, dit lidu tir server dugce truyén lién tuc vé module ESP8266 dé phat
di canh bao bang dén.
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Hinh 1. Thiét 1ap hé théng quan tric va canh bo

Ché d6 1am viéc cua may thu theo phuwong thire GNSS-RTK thoi gian thyc, giao thire NTRIP [24]
v6i cong, server két ndi, tai khoan va mat khau dugc cung cap, bao mat cho mdi rover. Hé théng dugc
mo ta chi tiét nhu sau:

- Céc hop phan gdm c6 : hop phéan quan tric va hop phan canh bao.

- Phan cimg gdm c6 : May thu (gom base va rover), server dé luu trit s6 liéu, man hinh hién thi,
module wifi, cong tic va dén canh béo.

- Phan mém gdm c6 : Phan mém xir 1y s6 liéu GNSS-RTK trén server, chuong trinh trich xuat sd
liéu, hién thi online, chuong trinh loc gia tri ngoai lai.

Quy trinh hoat dong dugc mo ta nhu sau:

- Cai dat may base phat tin hiéu theo phuong thuc 3G.

- Cai dat may rover voi tai khoan, mat khau, dia chi IP, cong két nbi. May base va rover két ndi
tmyén, nhén s hiéu chinh qua server.

- S6 lidu RTK tir rover duoc truyén vé server dudi dinh dang GGA, file text.
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- S6 lidu GGA duge xur Iy hién thi online duéi dang biéu d6 thoi gian thuc hodc véi ca s lidu
trong qua khu.

- S6 lidu GGA dong thoi dugc trich xuit thong qua chuong trinh canh béo dé tinh toan gia trj ban
dau va thiét 1ap ngudng canh bao.

- Khi s6 liéu tir rover vuot nguong canh bao dugc nhap vao, dén canh bao s€ duoc kich hoat nho
module diéu khién cong tic trong chuong trinh canh bao.

2.2. Thiét bi thuc nghiém

Nghién ctru st dung méy thu da tan sb, da hé === e,
vé tinh cua hiang CHC, Trung Quéc v6i module '
i90 (Hinh 2). Cac thong s6 ky thuat dugc cho dudi
day:

GNSS: GPS, Glonass, Galileo, Beidou, SBAS,
QZSS. b6 chinh xac:

Phuong ngang: 8 mm + 1 ppm RMS;

Phuong ding: 15 mm + 1 ppm RMS;

Tén s6 cap nhat RTK: 10 Hz;

Két ndi: Bluetooth, 4G, Wifi;

Dinh dang s6 liéu: RTCM, NMEA.

Eto truot hai chiéu x, y (Hinh 3) 12 mot ban truot co khi, cho phép di chuyén ciu kién I4p dit trén
eto voi khoang cach chinh x4c theo tirng mm béng céc tay quay theo hai huéng vudng goc. Mdi vong
quay tuong ing v6i khoang cach dich chuyén tuyén tinh 1a 1,25 mm. Khoang cach dich chuyén tdi da
theo hai huéng vudng goc 1a 200 mm x 50 mm. Eto truot hai chidu dugc sir dung vao muc dich kiém
tra d nhay, d6 chinh xac ciia may thu GNSS-RTK va ding dé thiét bi di chuyén may thu trong mit
phang mét cach thuan tién va chinh xac nhét. Véi phuong dung, chiéu cao cia may thu duoc nang ha
bang dc co khi c¢6 chidu cao 30 mm.

bén (Hinh 4) dung cho cum thiét bi canh bao tai khu vuc thuc nghiém co6 dién ap daura 12V. bén
nay thuong duoc sir dung trong cac khu vuc c¢6 nguy co co su ¢d nhu cong truong xay dung, noi co
dién ap hay nhiét 6 cao. Dén duoc diéu khién ty dong bang mot cong tic. Mi khi c6 gia tri dao dong
theo cac phuong X, Y, Z vuot khoi ngudng canh bao duogc thiét lap ban dau, dén canh bao s& duogc
bat sang va quay lién tuc nho diéu khién tir module wifi.

Hinh 2. May thu GNSS CHC-i90

1 N
Hinh 3. Eto trugt 2 chiéu x, y Hinh 4. Bén canh bao Hinh 5. Module Wifi ESP8266

Module Wifi ESP8266 (Hinh 5) nhan dir liéu lién tuc, thoi gian thuc tir server. SO liéu dugce hién
thi trén m§t man hinh phu dudi dinh dang tuy chon ctia nguoi dung co thé 1a céc yéu 0 X, Y hay B,
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L. Quan trong hon, ESP8266 sé& diéu khién hoat dong cua cong tic dbi voi dén canh bao mdi khi gia
tri GNSS-RTK thoi gian thuc quan sat duoc vuot ngudng canh bao dua vao ban dau.

2.3. Phwong phap

a. Két ndi tram base va rover

Dé két ndi tram base-rover va truyén phat sé hiéu chinh giira ching, nghién ctru sir dung ha tang
server san c6 cua cong ty cd phan cong nghé Nguyén Kim. Tai khoan hoat dong cua tram base va rover
duogc khoi tao ddng bd. Do phuong phap GNSS-RTK chiu anh huéng dang ké ciia khoang cach giita
tram base-rover cling nhu cac diéu kién khi tuong khac [25, 26], tram base duoc thiét lap 6 khoang
cach khoang 17 km.

b. Kiém tra chit luong day két qua do GNSS-RTK

Trong chudi s liéu thoi gian thuc c6 thé bao gdm cac thanh phan chuyén dich tuyén tinh, dao
dong diéu hoa hay chira dung cac thanh phin nhidu (nhidu tring, nhiéu mau) hay cac gi tri dot bién
[27]. Pé dua gia tri dau vao ban dau khi xay dung hé thong quan tric va canh bao thi mot bo “sd licu
sach” la yéu cAu quan trong. Do d6, cac gia tri ngoai lai can phai duoc loai bo khoi day tri do theo cac
ngudng dugc dua vao bai mot s6 tiéu chi va no phu thudc vao d¢ chinh xac yéu cAu, kich ban xur ly
s6 liéu [28]. Gia tri ngoai lai dwoc dinh nghia la cac gia tri ma khac biét r6 rang voi phﬁn con lai cia
chudi sb liéu [29]. Viéc ton tai gia tri ngoai lai trong chudi s6 liéu co thé dan dén nhitng sai s6 trong
tinh toan va tir 46 dan dén nhirng danh gia khong dung vé phan tng cua két ciu dugc quan tric. Do
d0, cac gid tri ngoai lai can thiét phai loai bo trudc khi thuc hién bat ky mot kich ban xir 1y s6 liéu nao.
Trong nghién ciru ndy, thuat toan trung binh truot dugc sir dung dé loc cac gia tri ngoai lai trong thoi
gian do hai gio ddng hd ban dau. Thuat toan dugc thé hién trong cong thirc (1) [30]
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Theo cong thtc (1), tr mot day tri do ban dau, mot day tri do con s€ dugc tao ra bﬁng cach lya
chon kich thuéc cira s6 truot [31]. Tir tép sb liéu con duoc tao ra voi kich thudce cira sé truot M, tiéu
chi do 1éch chuén duoc ap dung dé xac dinh tri do nio 14 ngoai lai véi ngudng thong ké [32]. Két qua
trung binh cua day tri do con dugc st dung dé dua vao lam gia tri dau vao cho cong tac quan tric va
canh bao. Chuong trinh loc gia tri ngoai lai dwgc viét bang ngon ngit C# va c6 giao dién nhu Hinh 6.

Trong chuong trinh nay, phuong phap phat hién gié tri ngoai lai 1a phuong phap trung binh truot,
phuong phap ndi suy gié tri tai cac diém ngoai lai 1a phuong phap ndi suy tuyén tinh.

2.4. Kiém tra dé nhay ciia phwong phdp GNSS-RTK

Nhu d3 trinh bay & trén, phuong phap GNSS-RTK chiju anh hudng dang ké cia cac yéu td khoang
cach va cac yéu t6 khi tugng. Do do, sau khi lgc gia tri ngoai lai va lya chon duoc gia tri dau vao
ban dau, can phai kiém tra xem kha nang phat hién luong dich chuyén thuc cua thiét bi 13 bao nhiéu.
Phuong phap kiém tra dwuoc thyc hién nhu sau: Sau khi cac gia tri do thoi gian thyc trong hai gid
ddng ho dau tién duoc trich xuat, duoc loc cac gia tri ngoai lai, thiét bi s& dugc di chuyén mot cach
nhe nhang bing cac tay quay trén ban trugt co khi eto hai chiéu x, y (mdi Vong quay tuong duong voi
khoang céch dich chuyén 1a 1,25 mm). Lugng dich chuyén dugc can nhic, tham chiéu t6i cac thong
s6 ky thuat cta may.

3. Két qua va thao luin
3.1. Két néi base-rover va hién thi két qud truc tuyén

Tram base, rover dugc két ndi va duy tri trang thai 10i giai fix lién tuc trong sudt thoi gian thir
nghiém. Toan bd thong tin quan trac dugc dinh dang dudi dang du an va nguoi dung dugc cung cap
duong dan két ndi va mi du 4n dé truy cap (Hinh 7).

o

T"~C NOLOGICAL

EUHVEY

QUAN LY DU AN

Hinh 7. Truy cap bang ma du 4n

Sau khi truy cip, nguoi ding c6 thé lua chon cic diém quan tric (chinh 13 cac rover) dé xem sb
liéu, hién thi s6 liéu truc tuyén thoi gian thuc véi cac cai dat tuy chinh vé tan suat 1dy mu, s6 luong
tri do hién thi trén biéu d6 voi biéu d6 online (Hinh 8).

Ngoai hién thi, quan sat s6 liéu tryc tuyén thoi gian thuc, ngudi dung ¢ thé xem lai cac tép dir
liéu trong cac ngay khac nhau hay tép dit liéu trong mot ngdy cua thoi gian trude dé cing voi biéu do
tuong ung.
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Hinh 8. D) thi thoi gian thyuc

3.2. Két qua loc ngoai lai va gid tri goc dau vao

Két qua GNSS thoi gian thyc trong hai gio dong hd ban dau dugce trich xuét ra (Bang 1) sau d6
duoc kiém tra chat lwgng so bd (Hinh 9) va cudi cung la loc ngoai lai véi thudt toan trung binh truot
(Hinh 10).

Bang 1. Mot doan s6 liéu trong 02 gio dau (9-11h sang ngay 5-8-2022)

t X Y h B L H Q N

93249 2321018 581245,7 33,492 2058,843 10547 8,6190 Fixed 0,4
93250 2321018 581245,7 33,488 2058,843 10547 8,6148 Fixed 04
93251 2321018 581245,7 33,502 2058,843 10547 8,6285 Fixed 0,4
93252 2321018 581245,7 33,497 2058,843 10547 8,6242 Fixed 04
93252 2321018 581245,7 33,497 2058,843 10547 8,6242 Fixed 04
93253 2321018 581245,7 33,493  2058,843 10547 8,6200 Fixed 0,4
03255 2321018  581245,7 33,497 2058,843 10547 8,6234 Fixed 0,4
93255 2321018 581245,7 33,497 2058,843 10547 8,6234 Fixed 0,4
93257 2321018 581245,7 33,502 2058,843 10547 8,6289 Fixed 04
93258 2321018 581245,7 33,498 2058,843 10547 8,6249 Fixed 04
93258 2321018 581245,7 33,498 2058,843 10547 8,6249 Fixed 04
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Hinh 9. Kiém tra chit lvong qua biéu d6 mat d6 phan b6 va phin du theo cac phuong
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(b) cac gia tri ngoai lai
Hinh 10. Loc ngoai lai
Két thac chuong trinh loc gia tri ngoai lai, mét day s6 liéu con dugc tao ra nham tinh toan gia tri
trung binh dé dua vao lam gia tri goc ban dau cho cong tac quan trac. Két qua so sanh gitra tép so liéu

géc ban dau va tép ) liéu con sau khi loc gia tri ngoai lai voi ngudng 2,5 va kich thudc ctra ) truot
1a 60 (twong duong so tri do trong vong mot phut) & Bang 2.

Béng 2. So sanh gia tri trudc va sau loc

Gié tri ban dau Gia tri sau loc Do léch
X Y h X Y h dx dy dh

Tb 2321018,1093 581245,6548 33,5167 2321018,1093 581245,6548 33,5167 0,0000 0,0000 0,0000
Max 2321018,1270 581245,6710 33,5600 2321018,1270 581245,6700 33,5560 0,0000 -0,0010 -0,0040
Min 2321018,0980 581245,6430 33,4700 2321018,0980 581245,6430 33,4730 0,0000 0,0000 0,0030

Két qua trong Hinh 10 cho thiy sb luong gia tri ngoai lai v&i ngudng 2.5 va kich thude cira s6
60 14 22, 43, 27 twong tng véi ba thanh phan toa do 12 X, Y, h. Sb lwong nay twong Gmg vai ti 18 rat
nho 13 0,42%, 0,82% va 0,52%. Piéu nay c6 duoc 1a do sé lwong tri do trong hai gio dau tién la rat
lon, 5233 tri do, giup tang d6 tin cay cla gia tri dau vao. Song song véi do, cac gia tri do 1éch sau loc
so v&i ban dau ciling rat nho (Bang 2). Gia tri 6 1éch cac thanh phéan toa d6 1a khong ton tai do ti 16
ngoai lai qua bé so voi sb luong dau vao. Gia tri bién do gifra gia tri 16n nhét va nho nhit trude va
sau ciling vi thé ma gf?m nhu khong c6 sy thay ddi 1an luot béng 2,9 cm, 2,8 cm va 9,0 cm tuong ing
v6i ba thanh phan toa do. Néu coi gia tri trung binh 14 gia tri chuan thi d6 1éch nay so vai thong s6 ki
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thuat cua thiét bi & khoang cach 17 km 1a twong dbi tot. Xét ca ddu duong va am cua céc gia tri sai sd
thi twong tng vo6i cac thanh phan toa d6 cé gia tri lan luot 1a 1,45 cm, 1,40 cm va 4,5 cm. Nhu vy,
gia tri trung binh sau loc s€ dugc dua vao lam gia tri goc dé theo doi dao dong ctia rover (Hinh 11).

<Gid tri gc ban d3u (4c gidi han canh
bdo dua vao

Hinh 11. Cai dat gi4 tri gdc va gii han canh bao trong myc “canh bao”

Trong cac 6 gidi han dx, dy, dz twong tmg véi ba thanh phan toa do, cac gia tri dua vao duoc quy
doi ra don vi mm. Céanh bao dugc dua ra khi bat cr mot trong ba thanh phan nao vugt qua gidi han.

3.3. Két quad xdy dung chwong trinh canh bdo

Module canh bao dugc 1ap trinh bang ngén ngit C# véi gia tri gbc ban dau 1a gié tri trung binh tir
day s6 liéu con dugc tao ra & phan loc gié tri ngoai lai. S liéu quan trac thoi gian thuc duorc hién thi,
quan sat truc tuyén trén server cling dong thoi dugc truyén vé module ESP8266. Tai mdi thoi diém
quan tric thoi gian thuc, chi can mot yéu td vuot qua nguorng canh bao dua vao, dén canh bao s€ sang
va quay lién tyc. So dd két ni ctia cum canh bao duoc thé hién trong Hinh 12.

ESP8266
LCD

D3 © @ sCL
D4 @ @ sSDA
c @ T H ® GND
v @ ﬁ @® vCC

Delay ® ®

GND VCC

NO NC

L J L J

Adapter

1 ] i2v
5V @+ - @
Out Out b

Hinh 12. So d két ndi
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Dé thir nghiém chwong trinh canh bao, cac gia
tri do 1éch gidi han dugc dua vao nhu sau: Thi
nhét, do léch gidi han dua vao s€ béng mot nira
gia tri bién do tinh toan dugc tir 5233 tri do ban
dau tuong Ung 1a 14,5 mm; 14,0 mm va 45,0 mm.
Thir hai, gi4 tri khoang cach dich chuyén thyc trén
eto co khi chuyén dung lan luot 14 12 vong quay
tuong ung voi 15,00 mm (1,25 mm /1 vong quay)
v6i dich chuyén phuong ngang va chidu dai mot
doan nbi thém bang dc ndi chuyén dung 1a 30 mm
v6i phuong dimg. Sau khi thiét 1ap cac gia tri va

an” dén canh bao 1ap tirc sang Hinh 13. Dén canh béo hoat dong

chon vao 6 “xac nhan
va quay lién tuc (Hinh 13).

Thir nghiém tiép tuc dugc thuc hién voi ban truot eto theo hai phuong x, y véi do 1éch thuc duoc
giam xudng con 7,5 mm so véi gia tri gbc ban dau. Dya theo gia tri dua vao, dén canh bao sé& tit
lién tyc. Tuy nhién, theo ddi lién tuc trong 30 phut tryc tuyén van c6 vai lan dén canh bao hoat dong.
Nguyén nhan dugc dua ra 1a do khoang cach base-rover 1én téi 17 km dan dén mot s6 thoi diém xuét
hién gia tri nhay bac hoic ngoai lai nhu trinh bay & trén.

4. Két qua va Thao luin

V6i cac cong trinh c6 kién truc manh, mét can d6i va c6 nhip 16n nhu céc ciu vuot song, ciu cang
c6 bién do dao dong 16n do chiu anh hudng cia nhidu tac dong khac nhu gio, nhiét do, tai trong dong,
tinh hay cic mang truot 16 ¢ nguy co dich chuyén 16n thi phwong phap GNSS-RTK va h¢ thong canh
bao nhu trén 1a rt phu hop.

Két qua thuc nghiém dugc thuc hién ¢ khoang cach 17 km 1a kha 16n do phuong phap GNSS-RTK
tram base don chiu anh huéng nhiéu tir yéu t6 nay. Do d0, can kéo giam khoang cach base-rover. Két
qua ddi chiéu, so sanh véi lugng dich chuyén thuc 14 co s& dé lua chon khoang cach va ddi tuong
quan tric cho phit hgp hon v6i théng s6 k¥ thuat cuia may thu GNSS-RTK.

Phuong phap GNSS-RTK d3 va dang dugc st dung nhiéu trong quan tric cic cong trinh 16n, thiét
ké phtrc tap. V& mit toa d6 phing, k¥ thuat nay da va dang mang lai sy yén tim cho ngudi ding trong
khi yéu t6 phuong ding chiu nhiéu anh huéng hon ca. Do d6, yéu t6 khoang cach ti wu giita cac tram
base va rover ciing cn phai dugc tiép tuc nghién ctru dé ting do tin cdy cho giai phap canh bao.

MB&i loai hinh két ciu lai c6 céc tiéu chuan vé quan trac khac nhau, ngudng dao dong khac nhau.
Do d6, nghién ctru méi dang dirng ¢ canh bao theo tirng phuong riéng biét ma chua c6 canh bao theo
dich chuyén tong hop trong khong gian.

Nghién ctru bude dau str dung dén 1am phuong thirc canh bao dé giam chi phi vién thong va thuan
tién cho quan sat. Céc hinh thirc canh bao bang tin nhin thoai va hom thu dién tir t6i cac chii the tham
gia du an s€ duoc thuc hién trong thoi gian téi.

5. Két ludn
Nghién ctru di xay dung dugc giai phap quan tric GNSS-RTK thoi gian thuc theo ddi tryc tuyén

va hé thong canh bo sém voi dong may thu phd thong va cac phu kién véi chi phi hop ly. Hé théng
canh bao hoat dong 6n dinh va c6 d6 tin cdy khi so sanh véi lugng dich chuyén thuc trén ban truot co
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khi hai chiéu. Nghién ctru cling da xay dung dugc chuong trinh loc cc gia tri ngoai lai voi cac thuat
toan khac nhau theo cac nguong thong ké thudng dung trong trac dia.

Két qua loc cac gia tri ngoai lai bang thuat toan trung binh truot hién méi duoc ap dung dé cho ra

gia tri khoi tinh ban dau mot cach tdt nhat. Thuat toan nay co thé duoc ap dung loc cac gia tri ngoai
lai trong suot qua trinh quan trac d¢ dat dugc két qua dang tin cay nhat.

Lo1i cam on

Cac tac gia xin cam on Cong ty C6 phan Cong nghé Nguyén Kim di h trg server, thiét bi va dia

diém nghién ctru.
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